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Monitoring and Ewvaluatioen:

Two different Advisory Committees for this project are being
formulated:.
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tivities and developments in this
to be active partners throughout the entire
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A second group of experts, recognized and accomplished science
ors, is alsoc being assembled. These individuals will provide

criti regarding the implementation and application of the
bioluminescence modules to the student and teacher populations. They
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Budget Justifleation:

Senier Persgnnel, The amount of work proposed Is relatively large in comparison o the
sonnel cost budgeted. This is in part because the University's new Center for Integrated
nce Education (CISE) will provide some resources 1o assist with the work needed on this
" Dr. Andrade is Director of CISE and Drs. Stoddar, Gess-Newsome, and Winters are all
Thera is a brief discussion of CISE on the next page.

FOR NSF USE ONLY

[PROGRAM QR SECTION [PRCP CEAL NO. F.Y.

n addition, Dr. Andrade will be on sabbatical leave for the 1991-92 academic year and will
ce at the University of Utah during most of that pedod, directing mast of his activities
|z

wca education, the conduet of this project, and the establishment of CISE (s2e

ime technician is budgsted, whose activities will be mainly focused on the
ioluminescent materials, and part-time graduate and undergraduate
the technical aspects as well as the teacher and student assessment

A half-t

avelopment of the b
s will werk both on
of the project.

We have estimated a 5% annual increase in salaries in the budgets for years two and

thras
three.

ear are for a CamCorder VCR to faciiitate the teacher and
ure cf the
8,

Equipment costs in tha first y
ew and assessment process. Incubators are o permit the large scalg ct
scent microalgag. The otfice computer will be used for all project related ac
ading data storage, analysis, correspondence and related word processing, and
aration of the educational materials and modules. As virually all of the materials required for

| acher and student assessment and discovery parts of the project for the first three years will
pe provided by project funds, it is imparative that a highly efficdent and productive mechanism of
producing the organisms, related materials, and documents be in place.

INVESTIGATORIS)

NCIPAL

The University of Utah is cost sharing on a one for two basis for the equipment items.

The $2,500 budgeted for travel in the first year, and increasing in years 2-3, are in large
pan for the information acquisition and dissemination activities, some of which are summarized in
Table 3 in the proposal.

Wae feel it is imperative that the project professi nal staff be involved with most major
professional meetings in which elementary and integraled science education topics are
discussed and presented. The funds used for project related travel will actually be significantly
greater than listed in the proposal as Dr. Gess-Newsome will use some faculty stari-up funds: Drs.
Andrade and Stoddart will also use funds available through CISE and Depatmental and Coliege

SOUrces.

science.and t

fcipant =te are for teacher consultants. Local costs for such activities are
$35 per teacher per hait day. We expect to involve 10-15 teachers, and have at least five half day
sessions per year.
Materdals and suppfies are budgeted at $7,500. Most of these funds are for the technical
materials.
d to facilitate the dissemination process not only

Publication page charges are budgete
professional journal literature.

through professional meetings and visits, but through the nermal

pline(s) involved:

Sclenti

Biology/Ct sics/Life Science/Pt

Consultant services are budgeted; one third of that for Or. Rene Stofflett, one of our
collaborators, who will shortly be at Northern llinois University, and will conduct perions of the
project in that environment; two thirds of the consultant funds are for cur education and technical
advisars, listed in Table 2. We anticipate paying our consuftants $500 per day for the days in

which they are directly invalved with project work. Many of these individuals will be invited ta

(s} to which submitting:

InsTucdonal grade levels (within K-12) 4-5




pus to give lectures and seminars in collaboration with the appropriate departiments
ter for Integrated Science Education so the costs of their visits will be spread ove
aus areas. Thus the amount budgeted ($5,000) is less than the full cosis.

Summagry. We hope that it is clear that we have proposed a project which is extremely cost
ative in terms of NSF funds and support. A budget for three years has been proposed; we
pate requesting additional funds in year three to permit a continuation of the activities, and a
roadening of the approach.

The Center for Integrated Sclence Education (CISE):

The University of Utah is now establishing a Genter for Infegrated Science Education
(CISE), which would complement existing aciivities by developing materials and methods by
which 1o teach science in a fully integrated, highly inter- and multi-disciplinary way.

J. Andrade, Director of CISE, argues that there is a revolution developing in sci
education, particularly at the elementary and high school levels, in that science mu
an integrated discipline, rather than in the highly piecemeal fashion of biology, ¢h
and mathematics, which is now the norm. He and his co-workers feel trongly that the r
problem with science education in the United States is that elementary school teact jr.
teachers, and even high school teachers either have a strong and fundamental fear and anx

cience, or their science skills are in one of the classical disciplines, which therefore m
unable, or ineffective, to leach science as an integrated subject, or even 1o relate their
discipline to other disciplines and to the students’ personal experiences

The problem is in large par due to the way universiies are organized, i.e. in deparimen
of chemistry, physics, mathematics, biclogy, eic. The Center's fundamental argument is that
science teachers must have an integrated and coherent view of science.

The Center's objectives are to develop courses, curdcula materals, laboratory
experiences, and a variety of inquiry and discovery -based mades with which o educate an
entirely new generation of teachers, and with which to provide in-service and other education
activities for existing teachers

? The Center will strive to involve all faculty who have & strong interest and m
imorove and enhance science education, especially faculty in the Callege of Science, th
of Education, and the College of Engineering.

There are a large number of facutty who are outstanding science teachers and who have a
genuine interest in improving science education. The Center will serve as a focus, a catalyst, a
f o integrate and encourage science education activities throughout the campus and the
community. Science curriculum coordinators, science teachers, and elementary teachers

In addition, the Center has argued that there is a new industry gvolving along these lines,
now that the nation has indzed recognized that science teaching must be made integrated and
made far more coherent. Project 2061 of the American Association for the Advancement of

Science and other reports have angued for the need for a totally new approach io science and
mathematics in our public schools.

-THE
UNIVERSITY
OF[UTAH

Jational Science Foundation May 9, 1991
for Science and Engineering Education

endorse the proposal, Nigk i
Baged Or inescence, submitted to t aterials Development, R
d Informal Sc ncation Program by Dr. Joe Andrade, Professor and Cha
he Department of Bioengineering in our College.

It is my pleasure t

Dr. Andrade is co-principle investigator with Dr. Trish Stoddart, Department of
jucational Studies. Joe has strong interests and activities in the area of science ed
ion to his talents and experience at teaching science and engineering at the college
he has had some experience in elementary science instruction at the fourth through
5 grade level, and helped work his way through graduate schoal in Denver by tea
high school general science, biology and chemistry. He is a dynamic inter- and mulu-
linarian who feels that science should be taught as an integrated subject and who
recognized that we must make science edu cation more atractive and exciting if we are o
attract sufficient students for the year 2000 and beyond.

last several years he and his group have been researching
bioluminescence and it has become clear that this is a phenomenon which can be effectively
used to interest and motvate students, and through which an integrated science curriculum
can be developed.

Although Joe is continuing 1o manage an active research program and is one of
most outstanding researchers in my College, he has chosen to devote an increasing
percentage of his time to the area of integrated science educaton. 1enthusiastcally support
his endeavor. The integraton of biology, chemistry, physics, mathematics, and
technology are really all part of the scope of our Department of Bicengineering, probably
the most inter- and multi- disciplinary activity on our campus. The area of integrated
education, in my opinion, easily falls within the scope of this Deparunent.

I am pleased to confirm that the University and the College will provide amarch to
this N.S_F. applicarion in the form of a significant proportion of Joe Andrade’s time and
effort. Joe is scheduled to be on sabbatical leave during the 1991-'92 academic year and

will devote a major part of his time to the NIGHT-LIFE project
Sincerely,

VP24 My P

D. Pershing, Dean
College of Engineering

mm/n7
of Engineering
ol the Dean
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Project Description

nvolves science and teacher education professionals and interdisciplinary
jentists knowledgeable in bioluminescence. The project includes the development of novel
r and curriculum aids for grades 4-6 and means for teacher motivation and education
=re is also a cooperation with a local company which will scale up the production and
emination of the materials. Teacher and student pariicipants will be from the Salt Lake School

Cbjectives: The proje

We propose to develop, test, and disseminate NIGHT-LIFE, an integra ne
“discovery” curriculum based on bioluminescence -- fight generated by fiving systems.

e ——

d
i

Nearly everyone who discovers and observes bioluminescence is impressed and 1 District, the Davis School Distict, and Northern lfincis University RIS
n ted to see and learn more. In these times where children have their senses co ]
st ated to near exhaustion, bigluminescence is a relatively unknown, unexperienced ]

emenon which can readily compete for a student's attention and interest. i Table 1: Local Participants and Test & Dissemination Sites
This project will develop integrated science materals which involve st cent : A kocatlon:
oject grated scien i hich invol tudent-ce: i o & Hililath o AL i =
parallel teacher education acti allawing teachers fo develop new scientific con A5 Al e e
al understanding of science via the chservation of bioluminascence.” 1 { SACE} nen
~ The basicidea s to have the students discover something completely new - and then |
participate in group and classes discussions that lead to th i f
nd the formulation of questions, hypotheses, and experiments. The teacher and the mat 1 &
ve as resources to aid thelr discoveries and education. 1 |
9. . 1 i Project Manager

The materials will sid in the observation, discovery, and leaming of basic concepts 4 t
varous science fields (Figure 1). Teachers and their students w 2 ed 1 i !
understandings of scienca concepls in a completely new comain — b ' i | Consutant & Co-
cencepts and understanding derived from bioluminescence are general and applica the full t { ot [ tnvessgator
range of scientific and technical subjects. i ; {eilealive T2, 288y
: i of Education Uian St O Local Advwisors

250 Easi 500

h
Saa Lake Clty, Utah 84111

Act | Local Advisors

Aratian Diractol Daws County School T
ot 45 East Stale

wningion, Ltah 84025

hool Disinct F

iracior | Salt Lake Counly School Local Advisor

Powel, Ken Curncuhm C
Sall Lake County School District

e
i Sa, Sulle 208

440 E
SLC. Utah B4111-1888
Charrisenain, Von Del , Hangen Planetanum; Hansen Plangtaniem Local Advisar (B01)538-2104
Task Force for @ Uhah Science 15 South State axt, 227
Education Cander Salt Lake City, Ltsh BS111
r. The Chilgren's Museum of | 1ne Children's Museum ol | Local Agvisar (801)328-3382

7is, Alcharg Direc!

300 West
Salt Laka Cily, Lhah 84103

Geogramhy

Actd Rain — pH
Eeasystems

Specles
DistriytionsHanitat,
Function/ Agpilcat
Symblasls
Circaglan Rhythm
Diversity

We will develop and produce four different bioluminescent systems (each basedona
different organiem), develop materals and experiments, use these 1o assess student
preconceptions and interest levels, and use them to assess teacher precanceptions and interest
levels. We will then develop modified and enhanced matenals. A detailed assessment plan is
proposed — and a comprehensive plan for publication and dissemination. The various sub-

projects and task outiines are given in Figura 2.

are shown as the center of wn
es are Indicated with
Iy ooserved and

Figure i: Blsluminescent srganisms and their sbsery
Integrated sclen e '
EE

relation of the NIGHT-LIFE curriculum supplements to the Utah Stats
We are examining other 4-6 curricula, including the
d Coordination (SSC) Project of the

The "mapping” and
Cumiculum, Grades 4-6, is given in Figure 3.
Grades 8-8 recommendations of Scope, Sequence, an
National Science Teachers Association (NSTA) [24].

One of the many bioluminescent materials is in the attached packet. Take it with you into a dark
room. A bathroom or closet with the door closed and lights out will suffice. Wait a few seconds for
your eyes to adapt to the dark. Then wet your finger with a little tap water - touch your wet finger
to the powder. Observe, play, and discover! Formulate questions, hypotheses, expernments!
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Background and Rationale -- Bloluminescence:

Thase who have observed and experienced bioluminescence generally
ies on a dark summer night, glow warms or millpedes on a dark path, bioluminescent &
ark sheltered bay or on the surface of the sea, or the fight emanating from disturbed mar
rustaceans in tide pools on a dark night [1-6]

a
c

d

In our present age of intense arificial fighting, video games, and environmental problems,
most of the population has not observed bigluminescence. When they first experience it they are
generally amazed and almost awestruck — it seems {0 be magic.

Bioluminescence is a relatively common and yet largely unknown phenomenon. it hias
developed and evolved many times. At least seven different independent systems are kn
and reasonably well characterized [4]. The major functions of bloluminescence are for sexi
displays/mating and for predator aversion in the dark. Its only major co merdial or economi
application at present is as a label or detection aid in diagnostic and clinical chemistry laboratories.

We have been studying and working with bioluminescence for several years [7]. When
we first discoverad and observed it, we, too, became fasdnated and “hooked.” We have used
svery opportunity fo demonstrate and explain the phenomenon to colleagues, co-workers,
s, family, and children. We have painted ourselves with it for the benefit of infants and
preschoolers on dark nights, and we have demonstrated it at numerous dinners, cockiail parti
and meetings, for its novelty and conversation enhancement characteristics. We have

onstrated and presented it to preschoolers and to high schoolers, to college undergrads and

to engineering graduate students, always with the same effect; an intense interest, awe, and
curiosity and a genuine desire to leam more.

ias

Our long range aim is simply to develop and produce integrat ed science teaching
sterials based on bioluminescence. We are inter- and multi-disciplinadans with a strong belief
of science and technology is closely interrelated. Society’s problems are not mano-
ary, and there is no need for science to be taught in a separated mono-di ciplinary
hion. Students know that the physical and biclogical worlds are indeed interrelated. If we can
iid on their innate creativity and their natural curiosity and help them see how all phenomena are
errelated and coupled, then we think they will find their school experience, their teachers, and
thelr studies far more credible and interesting.

Depending on the cbservations and the questions, students and teachers can probe int
biology, chemistry, physics, mathematics, earth sciences, and environmental sciences [Figure 1].
The approach is to teach by discovery and observation. As long as the student remains mativated
and in a discovery mood, hefshe will leam science. Our goal is simply to help guide — to help them
discover that science is integrated — is a caherent whole -- and that they can discover, appreciale,

and understand it.

A major advantage in employing bicluminescence is that it is new and interesting -- and
that it is not yet fully understood. Thus students and their teachers will experience science as a
fiving, growing, evolving field of inquiry. They will make observations and generate questions for
which there are few "answers” - thereby learning to understand and appreciate the continued
growth and development of science.

Background and Rationale -- Education:

Throughout the past 35 years a series of curriculum reform movements have attempted fo
upgrade the teaching and learning of science in the public schools. Maost of these projects have
focused on the development and dissemination of innavative curricula and instructional methods
for use in the public schools [8]. Such reforms have focused on the development of "hands on”
inquiry-orented instruction aiming to promote students’ conceptual understandings through their
active engagement and experimentation with scientific content[g]. Many of these science

17
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educ
1980's

n reforms, however, have been largely unsuccessful. High school students in the
were less interested and less literate in science than ever befare[10],

A main source of the problem is that the innovative curricula developed have not been
effectively implemented in the public schools. Previous approaches 1o reform in science
education focused on what students need 1o know but ignored the needs of the key players -
the t2achers who prepare them. Itis typically assumed that teachers, it provided with innovative
curriculum and instructional methods, will be able to implement them [11]. This, however, has not
proved to be the case; despite a substantial investment of time and resources, science teaching
sins primarily didactic, dominated by lecture, demonstration, textbook readings and
rization [12,13]. This approach to teaching science does not engage student interest or
conceptual understandings of subject matter. [14,15].

If new science curricula are to be effectively implemented, research and development
projects must not only focus an the davelopment of student conceptions, but also on the
development of the teachers' knowledge and skills. An effective scignce curricufum, therelore,
ve he integration of subject matter knowledge with knowledge about the development of
scientific conceptions in both students and leachars.

This project will develop integrated science matenals which will involve both student-
centered and parallel teacher education activities. The inter-disciplinary feam includes a subj
matter specialist, a science educator and a teacher educator. The project is based on six
assumptions about student and teacher learning:

act

1. Learners construct understandings as a conseguence of their expenences inthe
physical and social worid.

2. Students' learning of the subject matter Is the product of an interaction between what
they bring to any leaming situation and what they are taught.

3. Students' prior knowledge and beliefs powerfully affect he ways in which they make
sense of new ideas. Such preconceptions may interfere with the acquisition of
scientific information and concepts.

. Learning involves a process of knowledge construction, reconstruction, and concept
change.

5. Teachers are also learners, Their approaches to science instruction are influsnced by
preconceptions about science content and pedagogy developed through their own
leaming and teaching experience.

6. Development of a science curriculum must be based on knowledge about both the
student and the teacher.

Bioluminescence was selecled for three reasens:

1. The topic of bioluminescence Is intrinsically interesting. Children and adults are awed
by the dramatic ight emission which they are unable to explain;

2. The topic involves concepts in biology, physics, chemistry, geology and the social
sciences (Figure 1). Bioluminescence shows that science is integrated, not isclated
subjects as portrayed in the typical science cumiculum;

3. The topic of bisluminescence is relatively unknown by teachers. They have little or no
prior knowledge of the subject.

Our materials will allow teachers to develop an understanding of impertant science
concepts and science pedagogy within a novel domain. In service courses will provide valuzsble

18




. scienca content knowledge, with the influence of prior knowledge being minin
hers will feel less threatened about restructuring their views.

It will be important to point out to these teachers how this curriculum fits into their local
curriculum. As an example, Figure 3 shows the Uitah State 4-6 grade curriculum topics which are
related to bicluminescence

Our emphasis and focus is on the development of materials. The materials will permit
inquiry and discovery-based activities for teachers and students. Concept and understanding
assessment will take place before and after the bioluminescent discovery activities. Such teacher
and student-derived information will be used to modify and enhance the materdals, which will then
pe mors widely tested and evaluated (see Figure 2).

Work Plans (refer to Figure 2):
Development of Bioluminescence - General:

We have been studying bicluminescence for about 2 years, supported by a small contrac
from a local company, Protein Solutions, Inc. (PSl). PSlis interested in developing
mioluminescant-based education products and children’s 10Ys and novelties.

in this section we breafly discuss the bioluminescent arganisms 1o be used and show the
relationship between bicluminescence and common science disciplines (please refer to Figure
1).

We will concentrate on four organisms:

1) Bioluminescent algae or plankion. The phyto/photopianktan, responsible for

bioluminescent bays and seas, are gasy to grow and maintain. They are an ideal means by which
to introduce the concepts of cells, cell division, photosynthesis, pH, acid-base, minerals, vitamins,

growth rates, and doubling times.

Bioluminescence from these organisms can be mechanicaly stimulated by gentle
agitation. Loud noises will also result in light emission. One of the initial discovery modules may
involve studentsteachers “talking” to the bioluminescent organisms! The sound waves can
actually eficit light emission (arg the creatures communicating?!)

~ Several of the organisms exhibit circadian rhythms — their bioluminescence is 100 times
more intense at night than in the day. Such observations will lead 1o discussion of biclogical
rhythms and "clocks” (we will reset their "clocks™ 50 they are bioluminescent during normal school
hours).

We already have access to NIGHT-COLONY and NIGHT-LIFE, prototype science
education toys using bioluminescent planktonf25,26].

2) Crustaceans of the vargulg family are readily found in the Caribbean, the coasts of
Florida, the southem coast of California, Japan, and other regions. These contain a totally
different type of bioluminescence than the plankion. The biochemical system in these
crustaceans is very stable and can be stored in dry powder form for indefinite periods. The packet
of bigluminescent powder you experimented with on the first page of this proposal is a dry
Japanese crustacean, vargula hilgendorfi, which was simply ground up and placed in the pa cket
together with a little drying agent. This system will be used in powder and ink form and for its
novelty and attention getting charactenstics, as well as a teaching tool.

3) Fireflies. Bloluminescence is widely represented in the beetle families, including the
North American firefly commonly seen in the eastern United States in the summer. Live fireflies
are colected and maintained in Japan where they are sold and released once a yearin a firefly
festival, sort of a living biclogical version of fireworks We have already talked with Japanese and
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hle ta accomplish the same in the United States.
is Is an important goal, because the motivational factor involved in the abservation of ilying light
is even more impressive than swimming light. Eireflies are found in Utah and Colorada; we will
obtain fireflies from the Utah Lake region, about 40 minutes from Salt Lake City.

ited States firefly experts and feel that is possi

The firefly bioluminescent system is unique in that it requires ATP (adenosine
tiphosphate), r source of biochamical energy. Afthough ATP In this process is not used as
energy source, its involvement can be the key to a unit on energy in biology. ATP is biclogy's
major chermical fuel and is usually the source of energy for the pawering of muscles and other
pro?:esaes_ in this case, firefly bisluminescence is used as an entree and serves as a vehicle to
connect to and expand upon other very important topics.

4. Worms. There are many bioluminescence earthworms [1 6-1B), particularty in the
semitropical regions. At least two species are found throughout most of the world.
A terrestrial one goes by the scientific name Microscolex phosphoreus; @ COmmon manne Worm
at the high tide line and is called Pontodrilus bermudensis{18]. Both are readily collected
and maintained and exude & bioluminescent fluld when disturbed or agitated.

southern and

\eachers are familiar with earihworms, lew realize that many

Although most students and
the shore on a very dark night to spot them.

are bicluminescent. It takes a walk on a lawn of along
John Wampler, a professor at the University of Georgia, is @ national expert on
nescent garthworms [16-18]. J. Andrade and J. Wampler discussed the use of
uminescent earthworms on April 30, 1891 In Athens, Georgia. Dr. Wampler will advise anc
help us in the development and use of earthworms as MIGHT-LIFE educational materials.

Wae envision a transparent “WORMLAND" container for the Eerrestnz?l worm, a geometry
imilar to the popular Art Farm educational (oy. WORMLAND would be de s:gne«_c& so the worms
id be observed undisturbed in their natural state. Means to stimulate their pioluminescence

would be provided.

3

Imagine the interest level and questioning rate of students observing bioluminascent

worms in the darkl

Although many other bioluminescent systems are available, these four are the mosl
interesting and stimulating, and through themn we can represent a significant part of science

(Figure 1).

Development of Bioluminescent Sclence Education Materlals:

1. ‘\.('m'gafgan tYﬂaE 11:

a) Complete development of seli-contained cuftures of the manne algae
(dinofl agellates) pyrocystis junula and p. noctiluca; ;

b) Map the acid and mech anical stimulation charactedstics of these organisms,

¢) Demonstrate the fight-dark (dircadian rhythm) cycles, and the acid, CO2, and
mechanical {flow, turbulence) dependence of their biglumingscence..

2. Varguia (Year
2) Acquire quantities of vargula from No.Carolina Biological Supply (commercial) and J.
Morin at UCLA (advisor); g : i
b) Study and develop optimum means of powdering, stonng, aﬂd_ reconstituting the
material, including use of additional amounts of vargula lucitern;
¢) Using available data and experience, map the locations and distribution o_! vargula
worldwide and the conditions required for their existance and growth]S].
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3. Firetlies (Years 2-3%:

a) Using the experience and advice of E
N. Ugarova (see later section on Experts), map the
firefly bioluminescence; ;

b) Acquire firefly larvae, store and maint
firetlies[19]; : 3

¢} Collect mature firefiies, dissect the firelly lanterns and demonstrate the extraction
and concentration of the active products; t e

d) Study the temperaiure, salt, pH dependence of the biU!u'"'l_ﬂeslcer‘.CQ. Demonstrata
short flash versus long duration behavier and ATP and luciferin concentration
aspects; e o

&) Waorking with Buck, Lioyd, Chba, and Ugarova, culture and grow | ies in captivity
in order to develop an inexpensive source of maten al and 1o study the organisms
needs for growth and multiplication.

John Buck, James Lloyd, Nobuyoshi Chba, and
locations and distribution of

ain them, and facilitate their development to

4.E sar 2):

a) Wark with Wampler and Jamigson to identify, collect, and maintain those b S
bigluminescent earthworms which are the easiest to handle, probably pontodrilus
bermudensis (a marine worm) and micro scolex phosphorous (a terrestrial worm)

16-18];

b) S[e lect th]e brightest individuals which are readily stimulat ed o biclum b

¢) Study temperaturg, pH, light, and mechanical effects on their growth, maintenance
and bioluminescence;

3) Map the distribution of eathworms nationally and globally. i

3) Work with fish bait suppliers to search and find c:ner_buo!un_'sq-escect worms and
environments (for example, a large worm used for fish bait in the South is the
“Louisiana Pink,” which is bigluminescent in its natural environment.

Relation to Traditional Disclplines:

hasis is on the 4-8 grade level, hera we briefly show how

Although cur emp :
- the secondary and undergraduate levels.

bioluminescence is related to raditional discipines at

bigluminescence and chemilumingscance are due 1o

le in an excited state releases a photon. Through
tics, one can directly show the existence and
re of organic chemistry. By analogy, and
aviolet or "biack” light and fluorescent

5 of absorbance, florescence, excited
alogies and

Chemistry is directly involved, as
oxidation processes in which an organic molecu
the coupling of chemistry and physics, primarily op
importance of atomic and molecular urbuial;. and the natu
by the use of filters, absorbance, flame emission, and uttr
m we can develop the important physical concept: il
etates, and energy levels. This will be done a.t the elementary level using an.

metaphors based on everyday experences.

Acid base concepts will be brought in naturally through the acid simulated release of the
microalgae hioluminescence. The algae are plants and consume COgz by day_whlci} leads
naturally to a discussion of COp equilibia in water, and the pl_—‘mG;;‘GOz retationships in sea watsr
and agueous solutions. Such environmental concepts as acid rain and the greenhouse effect
can be directly coupled as wedl.

Once the basic chemical concepis are developed, we can mave onio a briet =
consideration of molecular machines — proteins and enzymes, making the analogy with everyday

:r;a: nas with which they are familiar. The concept of size and scaling can be readily experienced

[20,21]

* we will use bigluminescence, phosphorescence, and conventional light emission (fight bulbs) to
show the differences in these processes. Many children are familiar with phospharascent 10ys

and novelties (glow in the dark products).
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Nearly all bioluminescence is catalyzed by a class of enzymes called luciferases. The
concept of the enzyme as a biochemical catalyst is readily developed. The role of enzymes a
chemical transformers, synthesizers, etc. can be developed. Various environmental lopics,
including toxins and pollutams can be easily presented through their effects an enzymes and
er biochemical processes. They can be dramatically demonstrated by showing how enzyme
inhibitors tum off and shut down bioluminescence in the organisms used.

We have already shown how physics can be closely coupled to chemistry in the previous
addition we can explore the various colors of bioluminescence and relate them to

s and exciled states. We can go deeper into biology and talk about the design of the
mitting organelles and even organs in the various bioluminescent fishes, such as the

ht fish inthe sea. Although we cannot actively demonstrate and produce these various

g s at this time, we can use one or more of our four model bicluminescent systems to
explain and show how such organs could be preduced and, with the use of appropriate pictures
and videotapes, show how biology has indeed accomplished it in real living systems.

section.

A physics module would show and demonstrate how biclogy builds filters, reflectors,
enses and shutters in the photofishes and other organisms which inhabit the deep, dark sea
This discovery can be coupled back to biclogy by seeing that the light emitling sources i
25 are much smaller organisms (bacteria) who are there as part of a symbictic relationship.

Geology and metallurgy can be included in terms of the nutrient requirements for these
anisms, particularly for the algae. They require small amounts of iron, copper, zinc, selenium,
id other metals. We will use that as a means to talk about the weathering of minerals on the sea
vd on land and how minerals are delivered to the soil and to the sea. The bicluminescent algae
are sea organisms — leading to units on fresh versus salt water and related topics. We will actually
use carbonale minerals as the means to deliver CO2 in quantity for the algal cultures. We will
] t the carbonates and CO2 release to the concept of carbonated waters and the natural
carbonation and pH control in both fresh waters and sea walers.

Environmental Sciences are also readily included. We have already mentioned how acid
rain, the greenhouse effect, and toxic pollutants can be studied by observing their effects on
living bioluminescent organisms. We will also consider pollution in marine bays and see how such
poliution changes the nature and distribution of sea life We could also use bioluminescent
bacteria (photobacteria), which are already used commercially as a toxicity test.

Although the emphasis in this project is science education, it can be easily connedted
with other subjects in the cumiculum. One easy example is geography. We will of course present
the intemational location and distribution of the various bisluminescent species used in the
project. For example, in the case of the fireflies, we can talk about the Japanese firefly, the North
American species, and the Asian species using the expertise and experience of Dr. J. Lioyd,
Florida, Dr. ¥. Hanada and Dr. K. Ohba, Japan, and Dr. N. Ugarova of the Soviet Union. This will
relate not only to political gecgraphy, but aiso to environmental geography, that is, what are the
conditions in these parts of the world which permit these organisms to live and multiply? The
same is, of course, true for the plankton species and for the crustaceans.

One of the advantages of bisluminescence is that it is not a fully understood set of
phenomena — it is a constantly growing and evolving field. This gives the students and teachers
the opperiunity to experience sgienca in action -- they can actively participate in the generation of
truly new knowledge.

Relation to 4-6 Curricula and Content:

Figure 3 presented those portions of the 4th-6th grade Utah State Core Curriculum which

can be addressed using bicluminescance-based materals and modules. The inner circle in

Figure 3 represents 4th grade, the outer is 6th grade, and the middle contains 5th grade topics.
The relation of those topics with traditional disciplines is also shown.
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Since bioluminescence is light emission, via chemical processes, we will preparea
:- & based on living light, to be used in conjunction with one of the many excellent modules
on light and energy [22]. The student will discover light without wires, bulbs, batteries, or heal.
w7 He/she will examine the “solution.” The ight comes {rom discrete sources — can we

W
ohserve them? With a magni Is

It is important to identify what teachers are cumrently using in their practice for several
reasons:
fier, the student discovers the dinoflagellates — the microalgae. Isit

oducing the light? Where is its “flashlight™? 1) if teachers are unable to make a connection between the cumiculum materals and the

Now we are into biclogy. What s this creature? How does it ive? Whera? Whalis the curriculum they are most comfortable with (their own), they will likely disregard it:
light used for? Where does the light energy come from? What does the “animal” (actually, it's a

aat"? How can it eat only air and water? What is photosynthesis?

2) if teachers do nat already use hands-an science curmiculum materals effecively, they
will need to be trained 1o use the bioluminescence materials. Although in-service
training will be provided, materials will also be developed so that sell-training will be

The idea is to let the questions flow — prompted mainly by inquiry and observations. {acilitated:
Qur goal is to develop modules which address key parts of 4th-6th grade science : § 3) it will be important to identify the content teachers are teaching at various grace levels
content, including: i i so0 that we can include information that will help teachers use the materials in an
| ¥ appropriate way. This identification process will be conducted through a document

« Light & Energy | [ analysis of current lesson plans.

« Photosynthesis !

« Atomns & Molecules 1 If teachers are to effectively usa these curriculum materials in their classrcoms, they need
; io have accurate scientific conceptions themselves., Once teachers’ conceptual inadequacies are

« 02/CO2/pH ] i
- Night, Day, Tides, Rhythms | i niified, then corresponding materals can be developed to assist teachears in learning the new
. E-_:osy_slems and Biosphers 4 3 content. Not only must the teachers have an understanding of the content, but they must also
. D|v?fs;zy i f understand effective science pedagogy. To identify their canceptions of science content and
+ Pollution & Ecolegy i 5 pedagogy, ciinical interviews will be conducted with the teachers who provided the lesson plans
. ii . i i for the document analysis{23].
we will analyze the major existing curricula and stay abreast of changes and improvements | > analysis{23]
=0 that the matenals developed are useful 1o the widest possible audience. ! X Teachers are mare likely o accept a cummiculum if they feel some ownership over it. Away
. g ) : TR | & {0 achieve this is to first determine what the elementary teachers’ perceived needs are for their
e e i s e suseris P 403 o O e S . TS ooy s o i s
: he | S, Srila, 7 8! i . i o ree
reacﬁers to gubjmit their observations and analysis for review and pugsible ;:L;bl'lcaticnl.jr:s w:_u"d | ¥ ;rs’ mmcﬁf;ﬁ;:f;ﬁffgﬁﬁi&ﬁsfsﬂgﬁfﬁfwﬁ T:.rr:ee.azggslacasri :;:}tirt‘:aearig.:l?gs?;;eem_
require addi tipnal funds and will prc:D.‘cItI)Iy ben;uenjea !t:_y Pr]ulezhfg: tions, Inc., a local company i entary leachers frequently have very inadequate science knowledge, they frequently avoid
developing bioluminescence-based 10ys a ucational procducis. : g science altogether. Our materials will help meet leacher science teaching needs, thus
; they will more fikely use the materials.
Curriculum:
. . rgis The subjects for this study will be practicing elementary teachers in the
i il lon int § T ials t h k ncepts in biology. " e ! 2 "

__c THepapa v\;; ge':::rz Ien-:g:jam .fgre;git;astgreigeg :?:‘;bljéiﬁzs&;&m i 8 Northem llinols area and from several Utah school distrcts. These teachers will have al least o
En;Tlsm;-’{ E's :?I%Sé jth 3 -Stlh e el h'llt'le firet stage of the project interviews with full years of teaching experience so that their ideas about science teaching have had a chance 1o
sty - d teachers will begc-ondu::led o ide'mily comman perceptions held about the develop. The teachers will aiso have been teaching science on a regular basis during the las! two

_LI_-:"'IS Sy ggh C\ the diferent grade levels years. The feachers will be selected from a variaty of lecations in crder lo balance the cumiculum
phenomena by both groups & the dife gra : for widespread use. One teacher from each grade level (410, 5th & 5th) will be selected from eact
) - . _— " school
The student-centered materials will include a senes of modules which will myc!va the use 20
of science centers, individual and group projects, using concrete activities that require Document Analysis: gt B
“t-s;.n.- ation, measurement, higrarchical classification, inference, spacefime relationships and : da; The pacicipeting taa_chers_ w'”. b sk 1o supply Ies_son pHans anc
o d i . materials they have used over the past two years in their science programs. We will request
cause and & 2 lesson plans that correspond to the core curriculum objectives for the teachers' particular grade
; : ; i i nhanc level. These lesson plans will be analyzed for content, instructional methods and types of
¢ edu Il include a series of activities designed to enhance : , , P
= Tl“*:_teﬁlscmf-o ﬁ?::!aggg Wg‘?ﬂ”;z'a:”“m der:t‘;noings[m]. g evaluation. Comparisons will be made between the teachers at the same grace level so that
eachers’ science ¢ pedag irends can be identified. The results will be used to determine the general structure of the
- J s o = ; curriculum currently being used by these teachers, along with the pedagogical practices most
In order to develop materials about bioluminescence for elementary teachers, it is “ S 4 ” 4 (TRS
necessary to determine wﬁa‘ he teachers are currently using in their instructional practice, what .commonly used. This will help define the type of teacher support that is needed to accompany
conceptions are about science content and effective science pedagogy, and what the Lo senae:
teacher-as-teacher and teacher-as-leamer). : i 3 : ’ . -
eacher-as-teacne = ! Clinical Interviews: Each teacher will be intenviewed in three parts: interview-about-avents

teachers perceive as their needs {both for

A
and

(bieluminescence content), pedagogical conception interview (including perceived nes
nterdew-about-documents[22]. These intarviews will help us determine potential problems in
taachers' content and pedagogical knowledge and their perceived needs for enhanced science
taaching. This will aid in the development of our teacher support matedals.
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Discovery Experiments (se@ Figure 2):.

Four different initial discovery experiments will be developed: dry powder, algae
ication®, fireflies, and worms.

The dry powder expariment will be an enhanced version of what the reader has alread
experanced (the packet at the beginning of this propesal), The experiment will lead to an ar
questions, such as:

- Where does the light come from? (no battaries, bulbs, or wires),
- Why is the light blue? Can it be green? red?

- Why do you have to wet it?

- Why does the light go out? Can you make it come back?
- Why does it smell fishy?

The glgae communication experiment was mentioned briefly earlier. A concentrated
uspension culture of pyrocystis lunula will be observed in the dark.” The lead student will
"communicate™ with the organism by talking or singing. After some question and discussion as to
how and why the organisms are “responding”, the student will then fightly tap the container,
resulting in a bright flash. More questions and discussion. Then the student will gently swirl and
agitate the suspension - resulting in more fight.

The firefly experment will be avallable in year two. We expect to develop a module using
five, captive fireflies and induce them to luminesce in response o a short light flash (from a small
flashlight). Their flashes can lead o many questions:

- Why does it flash?

- Can it cee the first flash? How?

- Wheare doas the bioluminescence come from?

- Can a dead firefly flash?

- Why is it yellow? (the other examples were blue).

The worm experiment is also scheduled for year two. A fial transparent container with 10-
25 worms will be observed, darkened, stimulated, and re-observed.

- Is that a blue liquid?

- Where did |t come from?

- Why does the worm release it?

- Does it help him to crawl in the dirt?

- Why does he crawl away from his own light?

The responses to these discovery experiments by both teachers and s_:uden:s will aid us
in the development of effective bioluminescence matenals and expariments with enhanced
inquiry and content characteristics (Figure 2).

The elementary student curriculum models will invoive the use of science centers, but the
teacher will serve as a discussion leader to develop the purpose of the centers before students
use them, to probe student thinking while they are woriding af the centers, and o lead student
discussions in the desired direction following the discovery activity. These centers and
discussions will follow the guided discovery approach recommended by several science
educators.

We also expect to develop materials which are appropriate for home experiments, to
facilitate the invalvement of parents and family in the inguiry and discovery science learning

° We anticipate a science center containing an inexpensive cardboard dark box so individual
students can perform these experiments in a well-ighted classroom. The box wouid have
individual hooded observation ports for a small group of students.

et
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precess. One of the problems with many students is that the home enviranment is not particularly
supportive of academic activities. Small, very inexpensive modules and materials for the home
environment will allow the student to share what he has discovered and leamed in the classroom
with family at home, encouraging parent involvement in the student's learning and discovery
processes.

The home experiments and demonstrations will be of minimum cost and complexity and
be designed for less than ideal home environments. We frankly feel that the parents will be as
ually impressed and excited about the observation of bioluminescence as are their childran.

The teachers in our initial discovery, assessment, and development activities will serve to
t and evaluate the materials produced. They will then use the materials "solo” in their
classrooms, followed by student assessment and critique, which will lead to even more enhanced
materials (Figure 2).

‘ Project participants and teacher "experts™ will then provide workshop and inservice
training for additional teachers

Initially, the materials will be provided by the project. As the modules and become fully
eveloped and ready for more wide-spread application, they will be produced by a local company,
tein Solutions, Inc., and made available as inexpensively as possible,

Experts and Advisors (Table 2):

We have assembled a group of scientific expens to function as advisors and critics o
ensure that the matenals we develop are as scientifically accurate as possible:

W.G. (Woody) Hastings, Professor of Blology, Harvard University, is internationally
recognized for his work on bactena and dinoflageliate 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 is published widely on the subject. His
laboratory and work were recantly fealured in the Public Broadcasting System program, *The
Infinite: Voyage® in the recently aired segment dealing with biclogical rhythms, “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 cypricina. One of the Japanese
vargula arganisms constitutes the powder which you experienced on the first page of this
proposal. Professor Morin has discovered and categorized some 50 new species of these
organisms in the Caribbean and the Gulf of Mexico, and has observed that one of the major
functions of bicluminescence is for sexual mating displays. His recent, plenary lecture at the 6th
International Conference on Bio and Chemiluminescence, "Shedding Light on Shedding Light”,
included dramatic videotapes of vargula's underwalter luminescent activities.

William McElroy is Professor Emeritus and Chancellor Emeritus of the University of
Califonia 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 bio luminescence. His students and post docs have gone on to form and develop a
significant portion of the bisluminescence field.

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

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

Yata Heneda, Yokosuka, Japan is Director Emeritus of the Yokosuka City Museum and has
been involved with bioluminescence in the Pacific for his entire life. As Director of the Yokosuka
City Museum, he established a comprehensive exhibit on bicluminescence which Is unigue in the
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id. Although over 80 years old, he is in good health and is probably the single most

ledgeable individuai today on the bioluminescent organisms in the Pacific. The exhibitions
n his museum are a major resource in expanding and enhancing the biology component of this
proposal. Nobuyoshi Ohba is an expert on Japanesa firefiies and now works at the Yaokosuka City
Museum. (J. Andrade visited Drs. Haneda and Ohba in Yokosuka in May, 1990.)

Keith Wood, a former student of Marlene Deluca and W. McElroy at UCSD, is now with
The Promega Company in Madison, Wisconsin. Dr, Wood is internationally recognized for his
work on firefly luciferase and particularly the cloning of the gene and ils expression in bacteria. He
has produced at least four different luciferases by this method, which produce four ditferent
colors of bioluminescent emission. He has a particular interest in the educational potential of
erials, particularly for the teaching of genetic engineering and molecular biology using
nt DNA techniques. Indeed, he has already developed a teaching kit, using thase
, for possible use In college molecular blology and genetics courses.

these mat

J. Wampler is with the University of Georgia and is an exper on bioluminescent worms.

N. Ugarova Is the world's expert on the Russian firefly and has studied the mechanism of
fly bioluminescence.

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 phor d has
corresponded with Buck. Meetings are planned in the near future.

There are many other individuals who are expert and active in various phases of
ioluminescence. Those listed above comprehensively represent the field. We will, of course,
ek the advice and counsel of all with experiise and interests appropriate to this project.

Qur education/cumiculum consultants include Lawrence Lowery, Lawrence Hall of
Science, Berkelay, Allan Vioelker (Northern llinois University), and Dale Baker (Arizona State
University).

Dr. Dale Baker is Chair of the Department of Curriculum and Instruction at Arizona State
University. She is an expert on student attitudes towards science lzarning, gender difierences in
science achievermnent, and the relationship between instruction and student performance in
science. In 1989, she was the recipient of the "Outstanding Research Award for Practical
Application in Science" from the National Assaciation 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 Mathemalics,

Science and Technology in the Graduate School of Education, University of California, Berkeley,
is Director of the Educational Research and Applications Teacher Credential Program and a
Senior Researcher at the Lawrence Hall of Science. Dr. Lowery is an expert in the development
of children’s scientific concepts and the design of science cumiculum and instructional methods.
He is 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 1988 from the
Association of Educators of Teachers of Science (AETS) and the "National Exemplary Project,
Science instruction for Rural California® in 1887 from the U.S. Department of Education.

Dr. Alan Voelker is Professor of Science Education and Chair of the Department of
Cumiculum and Instruction at Northern Illinois University. His area of expertise is in the
development of science cumiculum and materials and the relationship between mathematics and
science education and industry. He is currently Principal Investigator on the Sdientific Literacy
Project for the Illinois State Board of Education, which focuses on developing a K through 12
science and mathematics curriculum linked to the needs of business and industry and a Needs

Assessment Study for the Museum of Science and Industry in Chicago. He has been involved in
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several large national studies including the National Public Affairs Study and the Longitudinal
Study of American Youth.

Table 2: National Advisory Committees

Topic A: Elementary Sclence Education
Lowery, L. Lawrence Hall of Science, Berkeley
Voelker, A. Northem [liingis University
Baker, D. Arizona State University

Topic B: Bloluminescence -- Sclence & Technology

Hastings, W.G. Dept of Biology, Harvard Univ., Cambridge MA (bacteria, dinoflagellates)

Morin, J. Dept of biology, UCLA, Gos Angeles, CA (crustaceans, fish)

Buck, J. National Institute of Heatth, Bethesda, MD (fireflies)

Liayd, J. Dept of Biology, University of Florida, Gainseville, FL (fireflies)
Wampler, J Dept of Biochemistry, University of Georgia, Athens, GA (earthworms)
McElroy, W. {retired), La Jolla, Caifomia (fireflies)

Wood, K. Promega Corp., Madison, Wisconsin (genetic engineering)

Haneda, Y. (retired), Yeokosuka, Japan (all organisms)

Ugarova, N. Dept of Biochemistry, Lomonosov State University, Moscow (firellies)
Ohba, K. Yokosuka City Museum, Japan (fireflies)

Project Schedule (Figure 2):

In year one we will develop the assessment and interview methods, perform research and
development on the various types and classes of bioluminescence, and select and implement
two basic discovery experiments. Given the assessment and interview methods and the
discovery experiments, we will then initiate the student and teacher demonstrations and the
interview and assessment process. All of this is to be completed in year one.

In year two the development of bioluminescence will continue (with emphasis on the
worms and fireflies) in order to have available a more complete and appropriate understanding and
a wider range of experiments and observations. Given the bicluminescent materials available at
that point, and the responses from the interviews, we will then develop preliminary materials. This
will be done in clese collaboration with local school districts and with cur collaborator at No. [linois
University, R. Stofflett.

These activities will require much of the first pan of year two. The curriculum medel and
materials will be available towards the latter part of year two, and will then be field tested in
classrooms by expert science teachers and selecled other members of the faculty and of the
participating schools.

Given the results of the field testing and the initial model curriculum and materials, we will
then initiate appropriate in service training for a selected group of interested teachers. This will be
completed at the end of year two, or garly in year three. The group of educated teachers will then

ntroduce the bioluminescence materals to their particular classrooms.

Meanwhile, bicluminescence research and development will continue with better and
more enhanced bicluminescent materials and modules being produced.

Towards the middle of year thres there will be a critical assessment of the model

curriculumn, of the materials, and of the results; and we will then modify and enhance the
experiments and the materials.
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The overall goal is, by the conclusion of year three, that a well tested, integrated partial
curniculum, based on bicluminescance, will be available. In addition, we will have lea -
- about the fundamentals of teacher and student discovery and education in science

We will publish and disseminate information about this project during the entire three year
period (Table 3). At the end of year three even more extensive publication and dissemination
activities are planned.

Monitoring and Evaluation

Two different Advisory Committees are being formed (Table 2). See earlier section on
Experts and Advisors.

A set of experts on bioluminescence will be asked to review and critique all of the
als produced to minimize any scientific inaccuracies or misinterpretations, Several will be
ually invited to campus to give seminars and lectures on their bioluminescence wark and to
erve and 1o assess the activities and developments in this project. We expect them o be
active partnars throughout the entire project.

maten

A second group of experis, consisting of recognized and accomplished science
educators, is also being assembled. These individuals will provide cnticism and advice
the implementation and application of the bicluminescence modules to tha student and t
populations. They will also participate in crtical assessment of the curriculum later |

Organization and Management

This project is a cooperation between the Department of Bioengineering and the
Department of Educational Studies at the University of Utah. Bicengineerng is an inh
and multi disciplinary program, which merges all areas of science, engineering, and me
Andrade, Professor of Bioengingering, will serve as Principle Investigator and will be responsi
for the scientific and technical side of the project (the right side of Figure 2). He will directly
supervise all of the bioluminescence research and development activities, the preparation of
materials and experiments, and the scienlific and technical evaluation of all written malerials.

Dr. Trish Stoddart, Assistant Professor of Educational Sludies, is Co-Principle Investigator
and will be responsible for the educational studies aspect of the project (left side of Figure 2.
She will work with Rene Stotfiett, who will be at No. llincis University. Both have a strong science
and science teaching background. Drs Stoddart and Stofflett will be responsible for all of the
direct education and teaching aspects of the project. Dr. Gess-Newsome will assist Dr. Stoddart,
Dr. Suzanne Winters will manage the technical aspects of materals development and will work
closely with Drs. Stoddart and Stofflett in developing suitable materials and modules.

301{1 groups will work closely together and will ba respansible for the selection of lopics
and the design and development of experiments and materials (the central portion of Figure 2).

Utilization & Dissemination (Table 3)

Presentations and progress reports on the NIGHT-LIFE bioluminescence curriculum will
be presented at regular intervals to the annual conferences of approprate professional societies,
including the Utah Education Association, the Utah Science Teachers' Association, the National
Science Teachers’' Association, the International Conference on Bioluminescence and
Chemiluminescence, and to other appropriate national and intemational meetings. We will strive
to cbtain input and advice from both the education and science communities.
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Table 3: Dissemination Activities

991-'92
Natlonal;
American Association for the Advancement of Science Andrade
American Education Research Association ’ Stoddart
Narthern llinois University, Colleges of Education & Science Stofflett
National Association for Research in Scence Teaching Stofflett
National Science Teachers Association Andrade
Local:
Genter for Integrated Science Education (CISE) Andrade

Colleges & Schools of Education (University of Utah, Utah State

University, Brigham Young University, Weber State University)  Steddart
Utah Association of Supervisors & Curriculum Development Winters
Utah Education Association Andrade
Sclence Teachers Association Winters
Utah Teacher Education Association Stoddart
Inservice Courses: All

Cooperative Relatlonships

During the first three years of this project the materals will be produced on campus. The
ic and technical matarials will be produced in Dr. Andrade's laboratories. The curriculum will
be & available to participating teachers in schools in Utah and in No. llincis on a gratis basis
with the costs covered by project budgets and resources.

In year three a small set of curricular malerials will also be available to others who inguire
and appear lo have a strong interest in implementing the curriculum.

The bicluminescence concept for science education is being developed in partnership
with Protein Solutions, Inc. (PSI), a small Utah company whose goal is to develop
bioluminescence-based education products for children. PSI has provided the funding and
motivation which led to the existing bioluminescence expertise in Dr. Andrade’s laboratory.

The University of Utah and PSI have mutually agreed that PSI will produce, market and
distribute the materials. At the conclusion of this NSF sponsered project, the company would
subcontract with the University to mainiain, enhance, and expand the bicluminescence
integrated science curriculum, NIGHT-LIFE,

We, therefore, have in place a mechanism to develop outstanding mgten‘als for science
education and a means o distribute and disseminate the curriculum to the widest possible
audience, thereby insuring its wide acceptance and implementation.

Referances, Bibllography, and Notes:
1. National Geographic Magazing has had many articles and photos of bioluminescence:
P.AZahl, "Nature's Night Lights,” July, 1971, p.45,

P.A.Zahl, “Fishing in the Whirlpool,” Nov, 1973, p.579.
D.L. Teimann, "Nature's Toy Train, The Railroad Worm,” July, 1970, p.58.

P.A. Zanl, "Fireflies,” July, 1362, p.48.
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Several major encyclopedias include articles on bicluminescence:

Encyclopedia Britannica
McGraw Hill Encyclopedia of Science and Technology

Popular science articles include:

K_H. Nealson and C. Arnesan, "Marine Bioluminescence: About to See the Light,
Oceanus 28(3)(1985)13.

P. Huyghe, "Wheels of Light, Sea of Fire,” Oceans, Dec, 1987, p.21.

M. Root, "Glow-in-the-dark Biotechnology,” Bialogical Science 38 (11){1988]745.

A.K. Campbell,

Living Light,” Trends in Biological Sci. 11 (1986)104.
AP. Neary and C.S.J. Walpole, "Bicluminescence-Chemical Light,” Science
Progress 70(1986)145.
P.J. Herring, "How to Sunvive in the Dark: Bicluminescence in the Deep Sea,” inM.5.
Laverack, ed., Physiologic Adaptation of Manne Animals, Soc. of Expenimental
Biology of Great Britain, 35(1985)323-351.
J.W. Hastings, "Biolegical Diversity, Chemical Mechanisms, and the Evolutionary Origins
of Bioluminescent Systemns,” J. Molecular Evolution 15(1983)309.
Although bisluminescence is largely unknown in the K-12 and college curricula, there 15
an extensive scienlific iterature:

E.N. Harvey, Bioluminescence, Academic Press, 1952,

A.K. Campbell, Chemiluminescence, VCGH Publ., 1588

F.H. Johnson and Y. Haneda, Bioluminescence in Progress, Princaton Univ. Press,
1968.

P.J. Herring, Bioluminescence in Action, Academic Press, 1978.

P.J. Herring, A.K. Campbell, M. Whitfield, and L. Maddock, Light and Life in the Sea,
Cambridge University Press, 1950.

Much of the current scientific information is being published in the Journal of
Bioluminescence and Chemiluminescence, John Wiley and Sons.

There is a limited discussion of bicluminescence in science and nature books for children
the most complete is:

A. and U. Silverstein, Nature's Living Light, Little, Brown, & Co., 1988.

Qur interest in bioluminescence began in 1985 when J. Andrade became interested in
the subject and began doing some simple "discovery” experiments. Work began in
eamest in the Fall of 1987, Protein Selution, Inc. (PSI) was established in early 1988 with
the goal of developing bicluminescence for the children's education and toy markels.
PS| has been funding bioluminescence work In Andrade's lab for nearly 3 years (about
$60,000 total to date). It was already clear in 1687 that bioluminescence was a real
attention getter and motivator of children and adults. Andrade's wife, Barbara, is a first
grade teacher. Together they developed several demonstrations and expenments. The
phenomena were presented to Dr. T. Stoddan and R. Stofflett in the Department of
Educational Studies. Science curmculum specialists in the State Office of Education,
ceveral local schoal districts, and local educators and students were all excited (Table 2).
It was decidad that there was sufficient interest and commitment amaong all involved to
prepare a proposal fo NSF in order to develop integrated science discovery maternials
based on bioluminescence.

H. Smith, A repert on the implications for the science community of threa NSF-supported
studies of the state of precollege science education. In National Science Foundation,
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What are the needs in Precollege Science, Mathematic, and Social Science Education?
Views from the Field. Washington, DC; Government Printing Office, 1979,

J. Zacharias & S. White, The requirements for major curriculum revision, New Curriculz,
New York: Harper & Row, 1964,

The National Commission on Excellence in Education, A Nation At Risk, Washington, DC:
Government Printing Otfice, 1983.

L. Shulman, "Those who understand: Knowledge growth in teaching,” Educational
Researcher, 15(2), (1986}, pp. 4-14.

J. Renner, M. Abraham, E. Grzybowski, & E. Marek, "Understandings and
misunderstandings of eighth graders of four physics concepts found in textbooks,”
Journal of Research in Sciencs Teaching, 27 (1), (1950), pp.35-54.

A. Biddulph, Primary Science: the views of teachers and pupils, LISP Working Paper no.
102, 1882.

R. Driver, The Pupil As Scientist?, Milton Keynes: Open University Press, 1983.

M.G. Hewson & P.W. Hewson, "Effect of Instruction Using Students’ Prior Knowledge
and Conceptual Change Strategies on Science Learning,” Journal of Research in
Science Teaching, 20 (8), 1983, pp.731-743.

J.E. Wampler & B.G.M. Jamieson, "Earthworm Bioluminescence,” Comp. Biochem.
Physiol., (1980), pp. 43-50.

J.E. Wampler, “Bioluminescence System of Microscolex Phosphoreus,” Ibid, 71A (1882),
pp. 599-604.

J.E. Wampler & B.G.M. Jamieson, “Cell Bound Bioluminescence From Pontodrllus
Bermudensis,” Ibid, 84A (1386), pp. 81-87.

J. Buck, "Fireflies,” and *Rearing of Firefly Larvae,” Intematl Report from NIH; personal
communication with J. Andrade, March, 1981.

P. & P. Morrison, Powers of Ten, Scientific American Library, 1882.
T.A. McMahon & J.T. Bonner, On Size and Life, Sclentific American Library, 1583.

National Sciences Resources Center, Resources for Children, National Academy Press,
1988.

R.T.S. Stofilett, "NIGHT-LIFE: The Development of an Instrument Assessing Teachers'
Knowledge of Bioluminescence®, paper for Bioengineering 685 -- Independent Sludy,
April, 1991,

National Scienca Teachers Association, “The Content Core: Scope Sequence and
Coordination,” March, 1991.

J.D. Andrade, et at., "NIGHT-COLONY: A Science Discovery Tool,” abstract, Pacific
Division, Amer. Assoc. Adv. Science (AAAS), Logan, Utah, June 23-27, 1891,

Protein Solutions, Inc., "NIGHT-LIFE Owner's Manual,” Draft; March, 1991.
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