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The Leonardo Laboratory:
Experiment and Project-Based Integrated Science for Non-Science Majors

Summary:

The Leonardo Laboratory was established by the Center for Integrated Science
Education (CISE) to provide a laboratory and working environment for non-science
students involved in courses and projects which
based, undergraduate laboratorics,

CISE is developing courses and mechanisms by which non-science majors and
pre-service elementary teachers can become in volved in the scientific method and process,
learn the various concepts, themes, and principles of the basic sciences and participate in
project-based science and technology activities (1,2)

Qur courses and activities are based on two approaches:

1) Science Without Walls (sci
looking at the world with COmMMOon conc
(2), and

epts, themes, and methods throughout all the

2) Science by Seduction (science viewad as a means by which to expand one's
existing interests, hobbies, and activities, and through them to dev elop critical thinking and
scientific process skills (1,2)),

The Leonardo Labora
hobbies, including ar, mu
Science "fearing”, science-n

lory 1s established around common student interests and
photography, health, sports, and gardening (Figure 1)

1ant students are urged to utilize their hobbies and interests
in an open ended, extended way and, through the guidance of instructors, TAs, and
undergraduate science students, see that their interests and hobbies are indeed connected to
and a part of the larger scientific spectrum, Although the University has provided space for
the Leonardo Laboratory, it has not provided any resources for equipping that space with
the apparatus and instruments for s ience demonstrations, experiments, or projects. Such
cquipment 18 requested in this proposal,

-

do not have access to conventional, major-

ences looked at as an integrated process and a way of
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Art and/or Photography i Music i,
Light, Optics, Vision Sound, Acoustics, and Hearing

* Interests: Science by
"Seduction”
* Integrated Concepls &

Themes =+ Science
Dance and Sports Without Walls
Physiology, Mechanics, Genetics | * Scientific Process and

Health & Medicine
Physiology, Genetics, Biochemistry

Method - Experiments
and Demonstrations

* Group Experiments
and Projects

* Writing/Speaking/

&

Gardening & Cooking
Plants, Ecosystems, Food
Chemistry

Space and Astronomy
Physics, Mechanics

Figure 1. Science by "Seduction.”

1. Results From Prior NSF Support:

The principle investigator and his co-investigators have had no prior NSF suppon

pertaining to undergraduate education.

2. Narrative
A. The Current Situation:

The University of Utah has no hands-on, experiment-based, integrated science
courses for non science majors. Although we offer a number of liberal and general
education courses, some of which are in the sciences and permit non-science majors o
fulfill science graduation credits, these courses are generally taught in a lecture format with
little or no exposure to an experimental laboratory environment Although demonstrations,
simulations, and other activities are of course included, the real reality component in
science education is missing, i.c., hands-on laboratory experience. The University docs
have laboratories for undergraduaie science in the specific disciplines, gencrally designed
for majors or as service courses for other majors. It is only recently that the Universily has
shown a significant interest in the development of science courses for non-science majors
by other than conventional didactic or computer-based means

W

Wi gl

1

ks

£

e

The Center for Integrated Science Education was established several years ago,
initially focusing on the education of inservice teachers who have fears or anxieties towards
science and mathematics, In the last scveral years over 40N tcachers in the Utah area have
taken a 10 hour inservice course titled Integrated Science Concepis and Themes, in which
novel scientific phenomena were used as a means to motivate, stimulate, and interest them
in the scientific process and in science experimentation and analysis. This has been quite
successful. We now want to expand this into the undergraduate environment at the
University with the establishment of a set of courses called Science Without W
Science by Seduction,

J. Andrade, P, has offercd several courses over the past year titled, Science
Projects for the Utah Science Center. In this course a group of students, organized into an
interest-based group, then work with faculty and technical staff in interactive, hands-on
science exhibits/projects for an evolving new science center. These experiences have
involved a limited number of students 1o date, largely because of limitations in space and
resources. The establishment of the Leonardo Laboratory has now provided the space for
expanded activities, and it is expected that this course component will grow. Andrade is
encouraging faculty in other departments o offer comparable courses through their
disciplines and their interests, which would likely involve significantly greater numbers of
students for the next several years. The Utah Science/Art Center is scheduled to open
Phase I in 1999, Phase IT in 2002, and a Phase III possibly in 2006. The project is only
now initiating fund raising and so resources from that source are not available at this time.
However, it is anticipated that resources will be available in three years or so and will then
provide a mechanism for continuing many of the activities initiated by this proposal.

The Leonardo Laboratory will be utilized for University of Utah undergraduate
students in a variety of courses and projects designed for non science majors.

Science Without Walls is a two quarter, 20 week, Liberal Education course which
will be offered starting January 2, 1995,

An assessment of the Science Without Walls course, 1o be conducted in June-July
of 1995, is expecied 10 lead to the recommendation that it be made a regular offering and
that pre-service elementary teachers be encouraged to use the course to satisfy part of their
science education requirement

Assuming this proposal is funded, the Leonardo Laboratory will be equipped
appropriately to permit the offering of non-major science related courses in multiple
seclions on a continual basis. The hope and expectation is that the Leonardo Lab would be
in use at least 4-5 hours per day as a part of a regular course schedules, and in use an
additional 6-8 hours per day for independent use by students working on their experiments
and projects. It is anticipated that aver the next 2-3 years the Laboratory would handle 150-
200 students. per year, plus an additional number of in-service teachers involved in shon
courses and workshops during the summer months.




B. Development Plan:

The Science Without Walls course is diagrammed in Figure 2. A group of
students are organized into various interest-based groups. We use their interests nr_hnhhics
(Figure 1) to involve them in the scientific process, the scientific method, @d a variety of
experiments and projects. By going through their window of interest or aptitude, )
reminiscent of Howard Gardner's Frames of Mind (1), the students are "seduced” into
probing and leaming areas which they normally considered to be of little interest to them.
We have used this in our inservice courses with practicing teachers now for three years

with considerable success
Integrated
Concept

:

Identify Areas of Student Iinterest
and their Preconceptions

Organize Groups
of Similar Interests

Use Experiment Modules Appropriate o
Interests and Preconceptions
+ What is Known? * Obsarvation
» Questions? * Analysis/Discussion
* Hypothesas? + Canclusion/Revisions
* Discovery Experiments

enaralizabon/
Communication

integratad
Concept

Figure 2. The Development of a Typical Concept Module.

The Leonardo Laboratory was established by the Center for Integrated Science
Education within the past year to provide an environment for the students in these courses
to learn to use scientific apparatus and (ools to experiment, to develop science
demonstrations and activities for their classmates, and otherwise to be involved in group
projects. Unfortunately, that space is space only. There is no equipment, apparatus, or
other facilities with which to conduct the experiments; that is the basis of this request
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The University has committed to the project by establishing the Center for
Integrated Science Education and by providing released time for a number of faculty
members to work on Center projects. 1t has also provided the space, about 900 sq/ft in
four small laboratories, in which to establish the Leonardo Laboratory. This proposal
requests the equipment required to make this a functioning and effective undergraduate
science laboratory for non-science majors and for inservice elementary teacher candidates.

C. Equipment:
a. Requested

Al this time we have selected 6 general interest or aptitude areas with which to
initiate the laboratory and the courses (Figure 1),

Art and Photography are of interest to most fine arts students. Basically, the visual
ans and photography involve light, optics, perspective, color, texture, and of course the
sense of vision and sight (3-5). All of this includes many topics of physics, chemistry,
biology, physiology, and mathematics — including many principles and concepts which
can be easily developed and experienced through art and photography (3-5)

Music is another topic of major interest to students with aptitudes in the arts,
Music is especially straightforward to connect 1o science and particularly (o various areas of
physics that deal with sound, acoustics, pressure waves and changes, the sense of hearing
and perception of sound (5-7). The structure of music lends itself to a variety of
mathematical analyses. The nature of musical instruments and their sound generation
characteristics all can play a role

The interest area of Space and Astronomy can involve many of the very basic
concepts of physics, mechanics, and even chemistry, including the creation of the elements
and the existence and properties of molecules in space. It also allows topics such as
planets, geosphere, and biosphere to be developed

In the area of Dance and Sports, those students with a particular interest in the
performing arts or sports have a particular interest, Typical scientific disciplinary 1opics of
physiology, mechanics, genetics are easily connected and developed.

g 3 P

Health and Medicine are, of course, related to Dance and Sports and allow the
development of experiences in physiology, genetics, biochemistry and related topics. Most
students don't realize that many of the very basic concepts in the physical sciences were
discovered by early investigators in the life and medical sciences. The Leonardo
connection is particularly relevant here because of Leonardo da Vinci's strong interest in
anatomy and physiology, as well as in mechanics, sculpture, architecture, and art.

Gardening and Cooking are topics of particular interest 1o many, and particularly
older, students. Topics include much of basic hiology, particularly planis and ec lems,
as well as chemistry and physics of food, energy collection and transfer, i.c., solar energy
and photosynthesis, and related topics (8, 9)




Emphasis in the first year course and in the development of the Leonardo
Laboratory will be on Art and Photography, Sound and Music, and Health and Medicine.
Students in the course will be encouraged to develop interests and conduct projects in those
three areas.

In the second year of the course we will add Space and Astronomy, Dance and
Sports, and Gardening and Cooking. There may be some additional topics incorporated,
and perhaps one of these topics would be eliminated in the second year, based on student
interest and success in the first year of these offerings

b. Equipment on Hand

Equipment presently on hand is extremely limited, J. Andrade has budgeted
$2,000 with which to buy supplies and limited equipment for the initial offering of Science
Without Walls, beginning January, 1995. Nearly $2,000, some provided by the Utah
Science/Art Center project, have been spent to equip the Leonardo Laboratory in a very
minimal way. At this point it is mainly configured with tools for the design and
prototyping of exhibits and apparatus. We have managed to borrow a number of pieces of
research equipment on very short term loan, which can be called back with little no notice.

c. Implementation and Maintenance

Mr. James Biggs, a graduate student in Bioengineering, has been assigned to
manage and maintain the Leonardo Laboratory. He has been working with J. Andrade for
the past 6 months in ¢stablishing the facility, and will continue to work on the project for at
least the next two years. We are committed to maintaining a half time graduate student
manager/TA for the laboratory. This individual will generaily have adequate skills for the
maintenance, calibration, and upgrading of the various instruments requested.

In addition, technical staff from the Departments of Bioengineering, Biology,
Chemistry, and Physics are all involved with the establishment of the laboratory and have
agreed to lend their services on a limited basis to its implementation, maintenance, and
operation. These individuals are primarily responsible for the large undergraduate
disciplinary-based lab in their specific departments, and therefore have considerable
cxperience with undergraduate laboratories

D. Faculty Expertise:

1. Andrade, Co-Director for the Center for Integrated Science Education, has made
the Leonardo Laboratory -- and integrated science experiences for non-science major
undergraduates a major personal objective and priority. He is devoting over one third of
his time and effort 10 undergraduate science education. In the 1994-'95 year that effort is
nearly full time as a result of a University Professorship appointment. Several years ago
he significantly decreased the size of his research group to permit active involvement in
undergraduate and public science education activities
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The experience of managing a large research group over the years is useful in the
implementation, operation, and maintenance of the new Leonardo Laboratory. In addition,
Joe's graduate students in Bioengineering and Materials Science serve as resource people
and mentors for the undergraduate students. They are all involved to various extents in the
undergraduate education activities. One such students, currently Mr. James Biggs (noted
above), is a formal TA for the Leonardo Laboratory.

The Executive Committee of the Center for Integrated Science Education,
consisting of faculty representing the Depariments of Chemistry, Biology, Physics,
Mathematics, Geology and Geophysics, and several other technical areas, are also all
deeply committed to undergraduate science education for non-majors. These CISE faculty
will serve as guest lecturers, guest demonstrators, advisors, and general resource people for
the students involved in the Leonarde Laboratory. The CISE faculty all have access to the
laboratory, meet there on a regular basis, and are readily accessible and available. In
addition, the technical staff in the research groups of the CISE faculty, and the technical
staff in their respective departments responsible for the departmental undergraduate
laboratories, are also all available and accessible.

There is indeed a university-wide commitment to the establishment of effective,
non-major undergraduate science education. The effort is enthusiastically supported by the
Dean of the College of Science, Dr. B. Rushing, the Dean of the Graduate School of
Education, Dr. C. Kennedy, and the Dean of the College of Engineering, Dr. D. Pershing,
all three of whom also serve on the Executive Committee of CISE. In addition, the Dean
of Undergraduate Studies, Dr. R. Keele, is committed to enhanced undergraduate science
education, hence, the courses described ahove, the Leonardo Laboratory, and this proposal

E. Dissemination and Evaluation

J. Andrade and the other faculty involved in the project all participate regularly in
national meetings and workshops related to undergraduate science education and informal
science education, especially the National Science Teachers Association, American
Association of Physics Teachers, American Chemical Society, and National Association of
Biology Teachers.

The major dissemination mechanism will be through scholarly articles published in
journals related to science education and undergraduate studies. However, there is another
unique dissemination mechanism which is indicated briefly in the center of Figure 1, and
that is the students themselves. The University has a very strong wriling program -- we
are committed to incorporating writing and communication skills in all componenis of the
undergraduate experience. Student groups present the results of their projects as
interactive, hands-on lecture demonstrations to the class and 1o the campus community
We are developing a mechanism through which they will also be presented to the general
public and be incorporated in hands-on workshops and demonstrations in appropriate
national venues. Student writing activities, however, will lead to coverage in local and
hopelfully national print media, and possibly in television and radio as well. We are
working closely with our local educational FM and television stations on a project along
these lines. We are committed to extensive dissemination and evaluation of this and related
projects.




We are firmly committed to having outstanding undergraduates participate in such
conferences and meetings. As an example, three undergraduates who have been involved
with the program to date are giving a workshop at the Las Vegas National Science
Teachers Association Meeting in December titled “Guess, Test, and Guess Again: Science
Fairs in the Elementary Environment." Oaly one of these three students is a science
(actually engineering) student. The other is a music major. The third a major in
interdisciplinary studies. Another workshop, "Megamolecules: Polymers in the
Chemistry Curriculum,” is given by a former graduate student in the Depariment of
Materials Science, Dr. Rob Scheer, who has been involved with these activities. The third
workshop at the same meeting, "Photons, Bioluminescence, and the Ozone Hole,” is by J.
Andrade and is a direct result of CISE activities in the enhancement of integrated science
education. Students involved in these projects normally attend major national meetings
related to science education, as well as local conferences and workshops.

Evaluation and assessment are being conducted by our colleagues in the Graduate
School of Education with expertise in these areas, largely based on an interview process
with students before and after their experience in the courses and laboratories. The resulls
of these evaluations and assessment activities will likely result in one or more scholarly
publications initiated by the assessment/evaluation professionals.

F. Bibliography:
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4. Budget Justification:
The equipment requested falls into several generic categorics:

* General science laboratory equipment, such as the two balances, refrigerator, the
Ph meter, vacuum dessicator and pump, the spectrophotometer, water bath, stirrers, and
optical microscopes

* Equipment focused towards Art, Optics and Vision, which includes the
camcorder monitor system, the art/paint software, the PowerMac suitable for running such
graphics-based software, view camera, dcnsiiu:ne[erﬁscannert_a]thnugh the later is, of
course, used for a wide range of projects).

* Equipment related to sound, music, acoustics, and the physical principles
derived therefrom, which includes the oscilloscope, one of the computers, a signal
generator, audio amplifier, and audio sound music software,

* Equipment related to sports, dance, and physiology, including the physiology
monitoring system, some of the camera video equipment, equipment related to biology,
biochemistry, and general chemistry, including the liquid and thin layer chromatography,
again the spectrophotometer, the radiometer system for light intensity measurements,
freczer, centrifuge, and other pieces noted above

Other areas, listed in Figure 1, all utilize components of the equipment previously
described.

The budgets provided are estimates based on current catalog prices and discounts
In some cases we were unable to negotiate discounts in time. It is estimated that some of
the prices will increase, but that some of the discounts will be negotiated more effectively
by the time funds are available for the shipping purpose.

Shipping costs are included in the budget estimates. Assembly and installation of
the equipment will be accomplished by existing staff. Appropriate safety and first aid
equipment and resources are provided in the laboratory,



Appendices
A. Major Undergraduate Egquipmenti

There is at present no major undergraduate equipment for science education for
non-science majors. Most of the existing courses and offerings are offered in a non-
laboratory format. In a few cases demonstrations and related experiences are performed in
existing discipline-focused undergraduate laboratories. The establishment of the Leonardo
Laboratory was intended to provide a facility and the resources for integrated, project-based
science education for non-science majors

B. Course Descriptions:

Liberal Education 144-145, Science Without Walls: A Iwo guarter concept- and
inquiry-based course primarily for non-science majors. "Science Without Walls” focuses
on major science concepts, applicable to all science "disciplines." It is intentionally multi-
and inter-disciplinary, Science Without Walls considers science as an integrated set of
concepts and phenomena. With such concepts and understanding in hand, students will
have a firm foundation and "literacy” in science. Concepts and topics are derived from
national reports and curricular reform mavements which have evolved in the last several
years. Selection and development of materials and modules for sensing and discovery of
key integrated concepts will be developed through students’ understanding their own
conceptions, "fears,” and needs of the themes (o be covered. Experiences during the
second term will also involve means of extending the students’ senses, ic. instrumentation
and tools for ohservation and measurement
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Bioengineering 596, Special Project: Science Projects for the Utah Science Center:

REGISTER NOW FOR WINTER QUARTER!|

FProjects for the
Utah Science/Arts Center

35 2

* Utah's (fin) rew SciencelArts Center needs
YOU — to help design (ereated) and
prototype unique, interactive, educational
activitics (sxhiits toof) which help integrate

ART, and TECHNOLOGY.

* Tak your (best budst) friends into sigring up *
to help you form a group project.

* You will work (imovated) in the rew Leonardo
Laboratory in the Center for Intearated
Science Education

* Students from a wide variety of interests
(EVERYONE!) smd majors are needed

C. Subject Area Majors:

Not applicable

D. Student Research:

Not applicable,

E. Research on Humans and Animals:

Not applicable.



