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Backqground

A team at Washington State University developed a
prototype program of integrated physical sciences for
prospective teachers to redress the obvious imbalance of
content in elementary school science. At present, teachers,
lacking training in the physical sciences, do not have the
confidence to teach these subjects and are therefore more
likely to stress more comfortable biological sciences
concepts.

In the courses that we developed, prospective

elementary school teachers acquired selected knowledge and

skills to cover fundamental topics in astronomy, physics,
chemistry and earth sciences and the skills to relate thenm
to the everyday world of experience. Demonstrations and
hands-on activities, using simple, readily availag}e
materials, were featured in the new courses. Frég
interviews with the selected preservice teacher ciuw.dates,

who took the courses, it is apparent that they developed the

confidence to use these practical and tested techniques in




their classrooms, thus exciting their students’ interest in
science. The courses were taught in conjunction with a
teaching methods course that coordinated science content,
processes, and teaching strategies.

Historically, at WSU, the number of elementary
education graduates ranges between 125 and 150 per year.
Yet, the number of elementary school teachers who major in
"natural science” (a 33 semester credit hour major) accounts
for only 5% of all elementary graduates. Our data show that
elementary majors typically select only one four-semester
credit course in one of the physical sciences to meet the
General University Requirements in science. These majors
tend to avoid physical sciences courses when possible.

The obvious lack of the prospective teacher‘s science
background became the focus of a special Provost's
"Commission on Teacher Education" study at WSU during 1983-
84. The Commission report (1984) requested more science for
elementary majors. Robert Nilan, Dean, College of Sciences
and Arts; Mike Kallaher, Chair, Department of Mathematics:
Donald C. Orlich, Professor of Education and Science
Instruction; Glenn A. Crosby, Professor of Chemistry; and
Calvin Long, Professor of Mathematics then began monthly
discussions to focus on science and mathematics education.

The group addressed: {a) the fact that too few
preservice teachers major in science, (b) the problem of too
few science courses specifically designed for elementary

majors, and (c) the needed commitment of scientists to




design a new model that would provide increased physical
sciences exposure for prospective elementary teachers.

From this small group, other scientists and science
educators asked or were contacted about working collectively
to help solve the three identified problems. From the
expanded group, a conceptuval model emerged that would
maximize the faculty resources of the university for the
improvement of teacher education. This project report
represents the fruition of that model.

The Model

The model is designed explicitly to improve the
physical sciences preparation of prospective elementary
teachers and has three major components.

1. Physical scientists who have a commitment to
elementary teacher education designed sequences that covered
selected major science concepts proposed to be taught, or
that might be taught, in elementary schools for grades K-6.
The design required the restructuring of course content, not
simply the rearrangement of currently available texts and
lectures. Project personnel modeled teaching techniques in
the content courses. The course is a one year sequence of
(1) astronomy and physics and (2) chemistry and earth
sciences.

Lecture techniques were adapted from those proposed by

Mary Budd Rowe (1983), whereby lectures are subdivided by

periods of discussion among the students. This model has

been shown to be successful in encouraging students to




verbalize concepés and in improving students‘ long term

memory of conc' ‘ts and pl=znomena.

A "hands-on" laboratory was prepared for each course.
The laboratories incorporated many demonstrations and
experiments that could be done with inexpensive, readily-
available materials.

2. A concurrent and coordinated science methods course
was taught that (a) attempted to articulate the science
content with techniques of science instruction, (b) examined
and critiqued various science curricula keing used in the
schools (based on nationally published texts and nontext
materials), and (c) illustrated methods of evaluation in
science. We found it difficult to articulate content and
methods on a one~-to-one basis.

3. Evaluation and research elements were integrated
into the project and will be discussed later.

The above model provided close cooperation between
WSU's physical scientists in Astronomy, Chemistry, Geology,
and Physics with science educators from the Program in
General Biology, and the department of Elementary and
Sacondary Tducation and Educational Adninistration and
Supervision. The model has been successfully tested at WSU
and can be installed nationally.

Significance of the Proposed Work Goals

The project achieved two goals. The first was to
provide a preservice model that can be disseminated, adapted

and implemented in not only land-grant universities, but in

r, 7
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all universities having a similar administrative
organization. The second was to begin a redress of the
collectively identified science deficiencies in teacher
preparation existing nationally as well as on our own
campus.
Impact of the Work

Oour review of published studies illustrated the need
for easily adap*able and transportable courses for
preservice elementary teachers. Our project illustrates the
methods by which human resources may be utilized to
accomplish the goals and how a multi-departmental effort to
improve science education may be designed and implemented in
teacher preparatory institutions. The ultimate impact of
this project will be to -rovide quality science experiences
for elementary school children, who, on an average,
currently are being exposed to between 16 and 30 minutes of
science per week!

Internal Planning and Development Team

During the fall semester of 1985 a group of scientists
and science educators met to plan this project and to
incorporate the wlan into WSU's teacher education program.
Faculty participants in the project were:

Toshio Akamine, Professor of Educational and
Couseling Psychology

Paul Bender, Associate Professor of Physics
Ronald W. Brosemer, Professor of Chemistry
Glenn Crosby, Professor of Chemistry

Miles Dresser, Associate Professor of Physics




Jack Horne, Director, Science Learning and
Instructional Center

Mike Kallaher, Chair, Department of Mathematics

Julie Lutz, Professor of Astronomy and Planetarium
Director and Co-Director of this NSF project.

Kirk McMichael, Associate Professor of Chemistry
James Migaki, Associate Professor of Education

bonald Orlich, Professor of Education and Science
Instruction and Co-Director of this NSF project.

Gary Webster, Professor of Geolcgy

Maurice Windsor, Professor of Chemistry

The project secretaries were Judith A. Lyon and Charm
Arneson. Studen; Graduate Assistants who aided were: Paul
E. Adams, Gail McCurdy, Jim Goodwin, Keith Wells, Bonnie
Jimison, James Dull, Thomas Wood, Christine Sordorff, James
Vanderhusen, Kevin Jordan, Cathleen Brenner, Tom Gougeon,
and Eric Weberg.

Implementation Phases

The project had a .hree year time span and consisted of
six distinct phases.

1. Phase one began during the Summer and Fall of 1985.
The project was funded too late to recruit students for the
fall term. Thus, materials for instructional development
were collected and analyzed. Laboratory procedures were
prepared for the physics and astronomy components and the
accompanying science methods course. Plans to train
teaching assistants were devised. Letters were sent to all

elementary education majors and project personnel visited
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classes to make students aware of the availability of the
courses starting in spring semester.

2. Phase two began in Spring Semester 1986 with the
actual prototype-testing of materials in the eight-week
astronomy c¢ iponent followed by the eight-week physics part.

3. Phase three focused on formative evaluations and
the consequent adjustments needed in the course components
for earth sciences and chemistry that were initially taught
the Fall Semester of 1986.

4. Phase four initiated an eight week block of physics
and astronomy in Spring 1987, followed in the fall 1987 by
chemistry and earth sciences.

5. Phase five, Summer 1987, constituted the
preparation of the final set of materials and procedures by
which the project was implemented during the 1987-88
academic year.

6. Phase six will be a culmination of dissemination
efforts.

Component Course Descriptions

There are five distinct disciplinary components to our
model. These are: (1) physics, (2) chemistry, (3) earth
sciences, (4) astronomy, and (5) science teaching methods.
It should be noted that evaluation and research aspects are

continuous in each of the five components.




Physics

The Physics block has three primary goals. The first
goal is to provide prospective elementary teachers with some
basic reasoning skills. The second goal is to instruct
prospective teachers on a variety of physical concepts that
are relevant to the intellectual growth of children. The
third is to provide prospective elementary teachers with the
necessary physical sciences background so that they may
pursue other physical science topics with understanding.

It was our intent to provide the prospective teacher
with sufficient subject content, laboratory exercises, and
lecture demonstrations so that teachers will be able to
translate these topics to their classes without anxiety, and
at an appropriate level for unders:anding. This goal proved
to be most difficult to accomplish, largely because the
students have little experience in thinking about what
happens in the physical world.

The sequence of topics in the physics list can be
divided into six groups: (a) mechanics, (b) heat,

(c) electricity and magnetism, (d) waves and optics, (e}
atomic and nuclear theory, and (f) integrated historical
concepts.
Chenmistry

Virtually no chemistry is taught in the elementary
schools, and it was the intent of this project to rectify
the situation. Because of the novelty of the proposed

course for elementary teachers, however, explanations of why
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and a description of how the chemistry component should be
taught are relevant. Teachers should be able to help
children classify matter, recognize the properties of

solids, lic.'1s, and gases, and understand what a separation

The heart of chemistry is chemical reactivity.

Prospective teachers need to understand reactivity and be
able to run simple reactions themselves. There are many
simple reacticns that children can also do that are not
dangerous, but are coliorful and exciting.

Teachers should understand that atoms ard molecules are
constructs, theories manufactured by the human mind. Some
atomic and molecular theory would be necessary so that the
science of chemistry would make sense to prospective
teachers and allow them to organize their knowledge
efficiently.

Teachers need to be able to develop their ability to
relate common chemicals and their properties to everyday
naterials (cleaners, plastics, fuels, oils, waxes) and
experience.

Teacners need to acquire a basic understanding of
chemistry so that they c/ » help the child relate to the
physical environment. Exposure to relevant chemistry that
integrates principles is a must.

The chemistry laboretory dwells on content, but the
experiments are designed around simple apparatus so that the

prospective teachers would learn how to work with
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inexpensive, easily acquired, equipment. Wwhenever possible,
household products were employed in the lab. Further
development of this aspect will continue as the goal proved
to be more difficult to attain than originally planned.
Earth Science

Earth Science is founded on the fundamental principles
of physics and chemistry and the interpretations of
observations of naturally occurring processes on the Earth.
Utilizing the principles presented in the physics and
chemistry parts of this sequence, the Earth Science section
covered topics that were basic to an overall knowledge of
the Earth‘'s materials and formation and the processes which
continually affect the Earth. Emphasis is placed on
presenting modern concepts and theories along with well
established descriptions.

Elementary teachers usually present beginning Earth
Science in the 3rd through 6th grades. However, an
understanding of the fundamentals of Earth Science should
help the elementary teacher at all levels since these
fundamentals have applications in many disciplires and
relate well to the other sciences. The basic concepts of
the following topics formed the course organization.

Plate tectonics. The theory of plate tectonics has
been verified in the past 25 years. The concept is
fascinating to most students. The prospective applications
to mineral occurrences, earthquake zones and volcanism are

discussed in recognition of plate tectonics.
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Earthquakes and volcanism. Modern communications have
brought the pubiic awareness of natural disasters to a level
that demands a general basic knowledge of these events. The
cause of earthquakes and volcanism and associated phenomena
such as mudflows and rockslides is now understood to the
extent that geologists are cautiously starting to predict
when and where they will occur.

Geologic processes. Minerals and rocks, earth

resources and the recognition of the complex relationships
among environment, habitation and human exploitation of
natural resources cannot be comprehended without a basic
knowledge of Earth Science. The influence of Earth Science
on the political and social structure of the world is not
fully presented to as many students as possible at an early
level. The coricepts and theories of Earth Science are
understandable by elementary students and should be
presented to them so that they may apply them where
applicable. However, this aspect of the project yet needs
revision to be more useful to elementary teachers.
Astronomy

Astronomy is one of the most exciting, interesting and
rapidly-changing subjects studied by elementary school
children. Astronomy tcpics are found throughout the
curriculum for elementary school science and this course was

designed to address traditional topics, as well as new

discoveries.




The Astronomy section reinforced concepts introduced in

physics and chemistry. Astronumy is somewhat different from
physics, chemistry and earth sciences since, for the most
part, astronomers must rely upon observing and analyzing the
radiation from planets, stars and galaxies rather than doing
direct experiments.

The first part of the course is devoted to the
phencmena that can be seen in the sky without the aid of
telescopes. The earth's rotation and revolution, the
seasons, eclipses and the motions of the moon and planets
are discussed. As part of the laboratory, the students
learned to identify bright stars and prominent
constellations.

other topics covered in the course include a brief
history of astronomy; astronomical equipment and modern
space astronomy; the planets, satellites and other bodies in
the solar system. Basic properties of stars, stellar

evolution, galaxies and the universe are mentioned only

briefly.




Proiect Evaluation

Course materials were judged systematically by the
staff and students. Collectively, the team addressed 2

series of questions; each of which is discussed below.

General Protocols

1. How effective were the project components toward
promoting the overall concept of scientific
literacy?

Based on team meetings and student interviews, it was
concluded that the totality of project components did
promote scientific literacy better than do college science
courses that are oriented toward the majors in a discipline,
or a "general" non-science student audience.

rurther testimony to this aspect is that the
fundamental of physical sciences courses that integrate
astronomy and physics was approved by the Washington State
Faculty Senate to be approved as a General University
Requirement in the sciences. This is a measure of great
magnitude.

All students who participated in the project were able
to complete the courses successfully. Again, this indicates
a measure of the program’s efficacy.

All student participants were interviewed at the

13

conclusion of each year of the project. There was unanimous

agreement that the project was a "highlight" of each year
for these volunteer students (all undergraduate teacher

preservice).
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2. How =ffective were the teaching strategies?

Student evaluations of the courses indicated that the
combined set of teaching strategies was effective and that
the professors did model appropriate techniques by which to
teach science.

Each student participant micro-taught classes in the
methcds coursexz. These practice lessons were modeled to the
specifications established by instructors. The micro-taught
lessons gave evidence of behaviors endorsed by the project.

3. How appropriate were the physical characteristics,

rationales, gozls, objectives, and general formats?

Again, frequent faculty discussions and informal
evaluations tended to support elements associated with the
project. Perhaps, one major problem that occurred was that
in every case, faculty members had prepared and planned to
accomplish content far in excess of what could actually be
delivered. Time is a critical factor in the life of a
college student and the professor as well.

The team of chemistry professors found it very
difficult to reduce the vast array of chemical concepts and
principles into an exportable short course. That difficulty
is illustrated by the fact that the team continues to
develop the chemical short course that meets their own
expectations. It is difficult to synthesize essential

learning of a scientific discipline.




4. How appropriate were instructional designs,
formats, contents, topics, sequencing, and inter
~disciplinary integration?

In part, this question was addressed in number three
above. However, an unanticipated major problem came with
trying to integrate concepts with the methods course.
Initially we tried to provide a parallel (one-to-oie
correspondence) with the science concepts. That attempt
proved to be impossible. Science topics just do not lend
themselves to easy translation to instructional techniques.

5. How effective was the integration of computer usage
with materials development?

Our evperiences showed the problem of time constraints
associated with student programs was far more serious than
was originally assumed. Some articulation was attained by
using the Science Learning and Instructional Center by
students. But, we found that the time demands on students
was .0 great to integrate the predicted consequences in any
meaningful manner. A greater problem was to identify
appropriate computer software.

Overall, the team devoted a great deal of time
coordinating activities with each other. The project
director found that her time was being spent far in excess
to what she had anticipated. It is a time-consuming and
energy absorbing process to use instructional teams and to

integrate science teaching with five different areas.
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We would suggest that future NSF projects allocate even
greater amounts of time to project personnel.

Impact on Teacher Training

1. How well were the preservice teachers’ needs

addressed by the materials?

Student interviews and evaluations showed that the
materials and special treatment given to the participating
students was highly regarded. Students’ summed up this
aspect of the project as being "most exciting." They used
the matarials and understood science and scientific
epistemology.

2. To what extent was the overall design effective for

preservice training?

The design proved to be effective. However, the
restraints placed on elementary preservice students by
education and certification requirements tended to have a
negative impact. That is, there is a very large emphasis on
reading and language arts in the teacher training programs.
That emphasis leaves little time for expanding science
instruction. In one sense, there are "turf" problems that
we simply underestimated at the development stage.

Of course, the use of professors only was a very strong
point as far as students were concerned. The students
remarked that they had never had a course sequence that had

major profecsors entirely, rather than teaching assistants.




3. How readily is the model exportable to other
institutions?
In our opinion, the model may be adapted to fit the
circumstances of any land grant or research university
having faculty flexibility and administrative commitment.

Student Accomplishments

Each course had prepared specific tests and some are
included in the respective reports. We found it challenging
to prepare criterion referenced tests and appropriate
laboratcry exams that tested at levels above "knowledge."

While there was a distribution of student grades; all
students in the project were successful. This illustrates
project efficacy.

Student Attitudes. We used two published attitude

scales: "7est on Understanding Science" (TOUS) and the
"Shrigley Attitude Toward Teaching Science" scale. We also
constructed a 22 item "WSU Science Attitude Scale." The
results are discussed briefly below.

Test on Understanding Science. The TOUS has three

areas or themes: (1) understanding the scientific
enterprise, (2) understanding scientists, and (3)
understanding methods and aims of science. Students who
were enrolled in the project courses had only three areas
significantly different on only three themes of 15
comparisons. That datum compares to 10 areas with
significant differences for students enrolled in nonproject

elementary science methods courses.

21
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We interpret these findings to show that the group who
volunteered for project courses had a better understanding
of science than the typical elementary student.

Shrigley Attitude Toward Teaching Science. The

Shrigley scale yielded some interesting results. Table 1
shows how various groups tested on the four main subscales
of this attitude scale. It should be noted that the project
students had a better attitude toward science at the end of
the year than did the sample of elementary majors enrolled
in the nonproject science teaching methods courses.

On the pretests, project students showed significant
differences on three of the four scales when compared to
nonproject students. That number dropped to one on the
post-tests. But, observe how the standard deviations tended
to decrease on all groups--indicating that there was a
positive shift in attitude by all students after attending

the science methods courses.
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Table 1. Shrigley Science Attitude Scale--Subscales

-------,------------—-----—---—-_------—------—------_--—-——-

Subscale

- - — - D B - - e - - - - - - " - - - s e S

Antipathy
Science Content

Handling Science
Equipment

Teaching Science

Antipathy
Science Content

Handling Science
Equipment

Teaching Science

Post
S. D Mean S. C
0.756 2.1908 0.836
0.666 3.3810 0.599
0.559 3.9524 0.381
1.602 3.9429 0.443

Oother Education Majors

Post
1.162 3.0392 1.006
0.858 2.8922 0.806
0.707 3.7941 0.591
2.060 3.6471 1.207




WSU Inventory. The WSU Inventory was developed by

project personnel under the leadership of Toshio A’amine,
Professor of Counseling and Educational Psycholecgy. The
inventory had two main parts: (1) student feelings toward
science and (2} conditions that needed improvement in
science education.

Observe on Table 2 the rank-orders for 10 items
relating to feelings about science. Our students ranked as
their top feeling that there ought to be greater emphasis on
science instruction in public schools. Further, the
students feel that they are likely be become very good at
teaching science and would especially enjoy teaching
science.

Takle 3 shows how the groups ranked needed improvements
for science instruction. They ranked as number one,
emphasizing critical thinking and problem solving methods in
the school curricuvlum grades 1-8. In second place was the
need for increased emphasis on experiments or hands-on
activities in grades 1-».

Thesz general findings trom the WSU Inventory suggest
that when students complete their science methods courses,
they have a very positive attitude about science teaching
and the improvements they see as needed reflect more of how
science educators feel than teachers in the field. No
question, science educators do affect the attitudes of
preservice teachers.

Figure 1 displays the WSU Inventory.

24
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FIGURE 1. WSU SCIENCE INVENTORY 21

DIRECTIONS

The purpose fo. this survey is to obtain first-hand information concerning
your feelings and opinions about science and science education. Your candid
answers will help us evaluate and improve our approach to science
instruction.

Please take a few minutes and answer all of the questions in this
questionnaire. This is an anonymous survey, therefore, please feel free to
respond frankly to each question.

Please answer each question by choosing one of the response options provided
for the question, and placing a check mark in the space provided to indicate
your answer. You may also write in additional comments to explain your
answer further if you wish.

When you have finished, return the questionnaire to your instructor.
Thank you.
PART I. BACKGROUND INFORMATION

Please place a check mark in the space provided to indicate your answer to
each question.

1. SEX: 1 [ ] Male 2 [ ] Female
2. AGE: 1 [ ] 19 years or younger

2 [ ] 20 to 24 years

3 [ ] 25 years and older

PART II. FEELINGS ABOUT SCIENCE AND SCIENCE EDUCATION

Read each of the following statements carefully and indicate how you feel
about it by choosing one response option that best represents your feeling.

Strec:rgyly Disagree
-- Disagree

Use the following code: 1
2
3 -- Undecided
4
5

-- Agree
-- Strongly Agree

3. Science has been one of my favorite subjects.

10 ] 2 ] 3 ] [ ] 50 ]

4. My own background in science is fairly good.

il ] 20 ] 3 ] ] 50 ]

5. As a classroom teacher I would especially enjoy teaching science classes.

i ] 20 ] 3 ] [ ] 50 ]

6. I am likely to become very good at teaching science.

Y 20 ] 3 ) 40 ] 50 ]
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7. There ought to be a much greater emphasis on science instruction in
public schools.

it ] 2 ] 30 ] 40 ] 50 ]

8. The course contents, teaching methods, and learning activities I have
experienced in EDUC 304 (or EDUC 311/312) this semester have prepared me
well for teaching science in the elementary school.

10 ) 2 ] 30 ] a0 ] 50 1]

9. The quality of science instruction I have received at the college or
university level is excellent.

10 ] 2 ] 30 ) a0 ] 50 ]

10. The quality of science instruction I received while I was in the
elementary school was excellent.

10 ] 2 ] 30 ) 40 ] 50 ]

11. The quality »f science instruction I received while T was in the junior
high school was excellent.

10 ] 2 ] 30 ) 40 ] 50 ]

12. The qualit: of science instruction I received while I was in the seilior
high scho . was excellent.

it ] 2[ ] 3 ) Al ) 5[ ] “

PART III. IMPROVEMENTS NEEDED IN SCIENCE EDUCATION

Listed below are several categories of potential needs for improvement in the
area of science educaticn. Please indicate how critical the need is for each
category.

Use the following code: 1 -- Not important
2 -- Of minor importance
3 -- Of some importance
4 -- Important
5 -- Very important

13. Improving a teacher’s own knowledge of the science subject matter.

10 ] 2 ] 30 ) 40 ] 50 ]

14. Efforts on the part of the teacher to keep up with the up-to-date
scientific information and developments.

10 ] 2 ] il ] 40 ] 50 ]

15. Increasing the amount of time allocated for science instruction in
grades ' through 8.
1( ] 2( ] 3( ] 4( ] 5( ]

16. Increased emphasis on the method of scientific inquiry in grades
1 through 8.
1( ] 2( ] 3( ] 4( ] 5( ]

17. Increased emphasis on the laiast scientific knowledge and developments.

10 ] 2 ] 3 ] 40 ] 50 1

. 2b




-- Not important

== Of minor importance
Of some importance
-- Important

-- Very Important

Use the following code:

S0~ S S
|
|

18. Increased emphasis on experiments or hands-on activities in grades
1 through 8.
1[ ] 2{ ] 3( ] 4( ] 5( ]

19. Providing students in grades 1 through 8 with first-hand experience with
scientists and scientific activities.

il ] 2 ] 3 1 40 ] 5[ ]

20. Emphasizing critical thinking and problem solving methods in the school
curriculum in grades 1 through 8.

il ] 2 ] 3 ] 4[] 50 ]

21. Decreasing the number of scier.ce courses at the university level for
prospective elementary school teachers.

Y 2 ] 3 ] 4[] 50 ]

22. Providing more diversity of science courses at the university level for
prospective elementary school teachers.

il ] 2[ ] 30 ) 4[] 5[ ]

23. Decreasing the number of science teaching methods courses in the teacher
education program.

i ] 2 ] 3 ) 4[] 50 ]

Please add any ccmments relating to science or science education.




TABLE 2. WSU INVENTORY COMBINED RESULTS ON FEELINGS

Item Rank Mean* Med. .D.
3. Sc :nce has been one of my favorite

subjects. (5) 2.878 3.0 .980
4. My own background in science is fairly good. (4) 3.098 3.0 .068
5. As a classroom teach . I would especially

enjoy teaching science classes. (3) 3.415 4.0 .805
6. I am likely to become very good at

teaching science. (2) 3.512 4.0 .779
7. There ought to be a much greate: emphasis

on science instruction in public schools. (1) 4.146 4.0 .615
8. The course contents, teaching methods, and

learning activities I have experienced in

EDUC 304/311/312 this semester have prepared

me well for teaching science in the

elementary school. (8) 2.634 2.0 .178
9. The quality of science instruction I have

received at the college or university level

is excellent. (6.5) 2.854 3.0 .981
10. The quality of science instruction I

received while was in the elementary

school was excellent. (10) 2.325 2.0 .944
11. The quality of science instruction I

received while I was in the junior high

school was excellent. (9) 2.585 2.0 .117
12. The quality of science instruction I

received while I was in the senior high

school was excellent. (6.5) 2.854 2.0 .295
*Coding
1 = Strongly Disagree
2 = Disagree
3 = Undecided
4 = Agree
5 = Stronjyly Agree
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TABLE 3. WSU INVENTORY: NEEDED IMPROVEMENTS
IN SCIENCE EDUCATION

Item Rank Mean* Med. S.D.

13. Improving a teacher’s own knowledge of
the science subjzct nr tter. (5) 4.293 5.0 1.078

14. Efforts on the part of the teacher to keep
up with the up-to-date scientific
information and developme.its. (4) 4.366 5.0 .827

15. Increasing the amount of time allocated for
science instruction in grades 1 through 8. (7) 4.220 4.0 0.690

16. Increased amphasis on the method of
scientific i1nquiry in grades 1 througn 8. (8) 4.146 4.0 0.727

17. 1Increased emphasis on the latest
scientific knowledge and developments. (9) 3.976 4.0 0.851

18. Increased emphasis on experiments or
hands-on activities in grades 1 through 8. (2) 4.585 5.0 0.774

19. Providing students in grades 1 through 8
with first-hand experience with scientists
and scientific activities. (6) 4.275 4.0 0.784

20. Emphasizing critical thinking and problem
solving methods in the school curriculum
in grades 1 throucrh 8. (1) 4.610 5.0 0.494

21. Decreasing the number of science courses at
the university level for prospective
elementary school teachers. * % 1.789 1.0 1.166

22. Providiry more diversity of science courses
at the university level for prospective
elementary school teachers. (3) 4.390 5.0 0.737

23. Decreasing the number of science teaching
methods courses in the teacher education
program. **k 1.641 1.0 1.013

*Coding

Not Important

Of Minor Importance
Of Some Importance
Impor* int

Very Important

O W N
tuwunn

** Results not directly interpretable due to item construction.
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SHRIGLEY SCIENCE ATTITUDE SCALE 26

Beiow are 20 statements. Please read each statement then to the right circle
your response code number by using the following code:

5 = I strongly agree 2 = I disagree
4 = I agree 1 = I strongly disagree
3 = I have no opinion
1. I daydream during science class. 5 4 3 2 1

2. I would like to have chosen science as a minor in

my elementary education program. 5 4 3 2 1
3. I dread science classes. 5 4 3 2 1
4. Science lab equipment confuses me. 5 4 3 2 1
5. I enjoy manipulating science equipment. 5 4 3 2 1

6. I am afraid young students will ask science

questions I cannot answer. 5 4 3 2 1
7. In science classes, I enjoy lab periods. 5 4 3 2 1
8. Science is my favorite subject. 5 4 3 2 1

9. If given the choice in student teaching, I would

prefer teaching science over another subject in

the elementary school. 5 4 3 2 1
10. My science classes have been boring. 5 4 3 2 1

11. I would enjoy helping children construct science

equipment. 5 4 3 2 1
12. When I become a teacher, I fear that science

demonstrations will not work in class. 5 4 3 2 1
13. I enjoy college science courses. 5 4 3 2 1

14. I prefer thac the instructor of a science class
demonstrate equipment instead of expecting me to

manipulate it. 5 4 3 2 1
15. i would be interested working in an experimental

elenentary science curriculum project. 5 4 3 2 1
16. I enjoy discussirg science topics with my friends. 5 4 3 2 1
17. Science is very difficult for me to understand. 5 4 3 2 1

18. I expect to be able to excite students about science.5 4 3 2 1

19. I frequently use science ideas or facts in my
personal life. 5 4 3 2 1

20. I believe that I have the same scientific
curiosity as a young child. 5 4 3 2 1
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Staff Perceptions

Frequent ueetings of the project staff were held to
determine progress and to solve problems. First, the
content of the courses was deemed to be in constant need of
review so that appropriate content would be presented in the
short time span. This area required more discussion among
the project staff than any other item. Even at the
conclusion of the project, the chemistry team feels
frustrated that they yet have too much content and want to
pilot test another version of their efforts.

To be adopted elsewhere, the strategies and format of
the project could be duplicated.

Media use would probably be enhanced, but due to time
constraints of getting through the lecture/laboratory
material, greater use of media might be used as enrichment
only.

Laboratories and lab set-ups were perceived as
adequate. However, the initial development of laboratories
proved to be very time consuming.

The methods course print items tended to be adequate.
However, there is the need for the elementary education
faculty to reevaluate their adopted "infusion" model. It
was apparent that topics that elementary faculty stated they
had already taught via infusion in other courses had not
been assimilated by the students. It would be better for
elementary majors to have one generic methods course prior

to taking any others. This generic course would provide

: 31
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entry level knowledge about objectives, sequencing
instruction, hierarchies of learning, lesson plarning,
questioning, aiid discussion lezading. These were notoriously
lacking by all students and had to be taught concurrently in
the science methods course so that inquiry sc.rategies would
make sense.

We consistently had a problem collecting, coding and
retrieving evaluation data. We recommend that in future
projects, the NSF encourage a 0.5 time person or research
assistant who would be solely responsible for collecting and
interpreting evaluation and research data. Perhaps, it
would be appropriate to support a 0.5 time faculty member

for the entire duration of any such project.




Tips Oon Implementation: A Short Manual

The WSU project team pilot-tested sets of materials
with the goal of preparing a one-year physical sciences
course for elementary school preservice teachers.
Accompanying that goal, the team prepared an innovative
science teaching methods course. Now comes the major
gquestion, "How can others in similar institutions of higher
education adopt and adapt the project materials?" Our
experience from this project yields 10 specific tips.

1. There must be a genuine commitment by scientists
and science educators to collaborate. Collaboration means
just that--working together, compromising, and supporting
each other. Faculty must agree on the nature and
limitations of a physical science course that has a limited
focus--elementary teacher training.

We recoanize that universities are "loosely coupled."
That is, assembly line and production metaphcrs cannot be
applied to higher education issues. Loose coupling implies
that individual professors work at their own paces and on
problems of their own choosing. These issues are basic
tenets of academic freedcm and profcssionalism. Deans or
chairs simply cannot order faculty members "to collaborate"
on a science education project. Our experience shows that
when interested individuals share a common perspective, then

a collaborative effort is possible.
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2. Innovations occur because of an accumulation of
results that build on the past. We did not discard science
courses and rebuild new ones. Instead, we adapted materials
from courses that were in existence and built novel elements
in them to accommodate our targeted clientele.

To this end, our project evolved through seven phases:
(1) mutual problem identification, (2) agreement on seeking
possible solutions, (3) idea generation and consensus on a

proposal for improvement, (4) trial periods, (5) refinements

of products, (6) implementation, and (7) dissemination.

3. We had a manageable project. The quality of the
change was more important than the size. We did not try to
improve or change all of elementary science education. We
identified one part of a problem that could be solved. When
this problem is solved, we might attack the broader problem
of elementary science education, per se.

4. Our project was labor intensive. We did not rely
on high technology. Sophisticated technology is now
emerging. However, if any high tech component breaks down,
the innovation is "in trouble." Yes, we acknowledgye video
disks, computer interactive systems, and the like. But, the
current state-of-the-art is far too expensive for
universities to adopt them. This condition will undoubtedly
change in the future, but for the next few years
institutions of higher education seeking to innovate in the
field of elementary science education will yet have to rely

primarily on the human resources not technological ones.
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5. The implementation of an instructional innovation
is directly related to immediate administrator support. The
Dean of Sciences and the respective chairs in the academic
departments supported this project to a full extent. That
support is obvious, when one considers that a major General
University Requirement in physical sciences came directly
from this project.

At this point, it is not clear what will happen in the
Department of Elementary and Secondary Education for future
collaboration with the sciences.

Further, there is a need for respective administrators
to provide personnel (FTE) to instruct in the project. We
were fortunate in having research faculty members who
desired to help improve elementary science education. Such
an attitude is a necessary prerequisite for implementation
in other research universities.

6. We found it rather easy to innovate in the area of
curriculum and instruction. There were few changes needed
in the organization or administration of the departments.
Elaborate organizational structures were not needed to
propel th.s project to success. However, the project
Co-Director spent much time arranging and rearranging
schedules and ccordinating activities.

7. There was a critical mass of advocates who
supported this project. A major project cannot be a one
person show. This aspect illustrates the power of

"ownership" tec yield successful projects. All the
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professors who played a role in this project were involved
in the planning and, in most cases, the writing of the NSF
proposal that ultimately supported their collective efforts.

There was no "strong arming" of anyone. There was
group agreement on goals and purposes of the project. Any
groups desiring to adopt this program must spend quality
time determining if they are truly in agreement on
philosophy and goals of elementary science education.

The project team spent hours on curriculum design, on
team work to solve problems, and on work to provide a high
quality set of courses.

8. It costs money to innovate. The amount of faculty
and staff time that it took to plan, design, pilot test and
revise the courses was far in excess of what the NSF grant
supported. Problem solving and collaborative curriculum
design requires an inordinate amount of interaction to
achieve thoughtful discussion and action.

9. The implementation of an innovation is basically a
political process. The sciences and educational groups had
to seek internal support for tne project. The respective
faculties will determine the ultimate fate of the project
elements at WSU--and at other institutions as well.

10. The project leader is critical to the success of
the project. It was the leader who called team meetings,
arranged for problem solving agendas, aided in forward

planning, prepared schedules, directed the organizational
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elements, and maintained liaison wi*h respective department
chairs, deans and associate deans.

To repeat, curriculum changes are complex processes
requiring faculty energy. Instructional changes require a
"pay off" to those involved and to the students.

It took our team about three years to produce and
partially implement this project. It may take two more
years to implement the project fully. Those involved in a
project must be committed to it for at least three to five
years. Such a commitment is essential for success.

In conclusion, effective implementation of this small
change in the preparation of prospective elementary school
teachers is really contingent on supportive local

conditions, not perceived national crises.
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Dissemination |
Dissemination of project activities reflected many
formats. Below is a listing of all papers, presentations
and informal sessions given about the project at local,
state, regional or national meetings. Additionally, other
papers for appropriate science education journals will be
completed and submitted later in 1988.

"Astronomy and Space Sciences for Elementary Teachers."
A discussion at Voyager 2 Educators Conference, Jet
Propulsion Laboratory, Pasadena, January 24, 1986, J.
H. Lutz.

"A Project to Improve Preservice Elementary Science."
Presentation at Principal Investigators’ Meeting, NSF,
Science and Engineering Education Section, San Jose,
Calif., March 23 and 24, 1986, J. H. Lutz.

"Quality Science Education: Leading and Administering
Curriculum Change." Invited presentation, OMSI,
Portland, Oregon, May 15, 1986, D. C. Orlich.

"Astronomy Content and Methods Courses for Elementary
Education Majors," the 98th Annual Scientific Meeting
of the Astronomical Scciety of the Pacific, July 14-17,
1986, Boulder, Colorado, J. H. Lutz and D. C. Orlich.

"Physical Sciences for Elementary Teaching Majors."
Paper presented at the American Association of Physics
Teachers, Washington, D. C., October 25, 1986, M. J.
Dresser.

"A Model for Science Education Improvement."
Washington Science Teachers Association, Annual
Meeting, Tacoma, November 1, 1986, D. C. Orlich and J.
C. Horne.

"Chemistry Applications for Educators." Presentation at
Washington Science Teachers Association, State
Convention, Tacoma, November 1, 1986, G. A. Crosby.

"Design Problems: Elementary Science Education."
Paper presented at the National Science Teachers
Association, Regional Convention, Las Vegas, Nevada,
November 23, 1986, J. H. Lutz and D. C. Orlich.




"The Creation of Preservice Teacher Physical Science
Sequence: A Progress Report," National Science
Teachers Association, Refereed Paper, Regional
Convention, Anchorage, December 6, 1986, D. C. Orlich
and J. H. Lutz.

"A Project to Improve Elementary School Science
Teaching," Discussant and abstract, NSF Meeting of
Project Directors, Science and Engineering Education
Section, Washington , D. C., March 27, 1987, D. C.
Oorlich.

"Developing an Ideal Science Methods Course."
Presentation at the National Science Teachers
Association, Annual Convention, Washington, D. C.,
March 27, 1987, J. M. Migaki.

"Redefining a Physical Science Sequence for Preservice
Elementary School Teachers." Presentation at the
National Science Teachers Association, Annual
Convention, Washington, D.C., March 27, 1987, J. H.
Lutz.

Refereed Paper, "Designing Physical Science Experiences
for Preservice Elementary Teachers." Association for
the Education of Teachers in Science, National
Conference, Washington, D. C., March 28, 1987, D. C.
Oorlich, J. H. Lutz and J. M. Migaki.

Refereed paper, "Process and Attitudinal Changes of
Participants in an Elementary School Preservice Science
Project." National Science Teachers Association,
National Conference, Washington, D. €., March 29, 1987,
D. C. Orlich, J. H. Lutz and J. M. Migaki.

"Integrating Physical Science in Methods Courses,"
Panel Presentation, Science for Handicapped Conference,
Lawrence hall of Science, Berkeley, calif., June 25,
1987, J. C. Horne.

"A College Course in Astronomy and Physics for
Elementary Education Majors: What Worked and What
Flopped in the Laboratories." Presentation at
Astronomical Society of the Pacific, Pomona, calif.,
July 15, 1987, J. H. Lutz.

"Instructional Strategies: A Research-Based Analysis,"
Invited presentation, Battelle Pacific Northwest
Laboratories, Richland, WA, August 7, 1987, D. C.
Orlich.

In-Service Workshop for 4th, 5th, and 6th Grade

Teachers, Listrict 81, Spokane, 2~day Workshop, August
1987, G. A. Crosby.
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"pPolicy-Making for Science Education." Invited
presentation, Central Kitsap Board of Directors,
Silverdale, WA, September 2, 1987, D. C. Orlich.

"Physical Science Teacher Education and Women."
Testimony given before the Congressional Task Force on
Women, Minorities and the Handicapped in Science and
Technology, Albuquerque, New Mexico, September 22,
1987, J. H. Lutz.

"Chemistry Activities for the Elementary Classroom,"
Washington Science Teachers’ Association, Fall
Conference, Washington State University, October 1987,
G. A. Crosby.

Preservice Materials Display, Washington Science
Teachers Association, State Convention, Pullman,
November 30-31, 1987, J. C. Horne, J. H. Lutz and
D. C. Orlich.

"Cosmic Fun and Learning," a 2 hour workshop presented
at the Washington Science Teacher’s Association, State
Convention, Pullman, Washington, November 30-31, 1987,
J. H. Latz.

"A Model for Preservice Physical Science Education."
Presentation at Advisory Meeting, Curriculum Research
and Development Group, University of Hawaii, Honolulu,
January 1988, D. C. Orlich.

"A Cooperative Design to Improve Preservice Teacher
Science Zducation." Presentation at Arizona Alliance
for Mathematics, Science and Technology Education,
Luncheon, Tucson, February 22, 1988, D. C. Orlich.

One-day Teachers Workshop {junior/senior high),
sponsored by the local American Chemical Society
Section, Greensboro, N.C., March 1988, G. A. Crosby.

"Problems of Articulating Preservice and Inservice
Education for Elementary Schools Teachers." Informal
presentation, Association for the Education of Teachers
in Science, NSTA, St. Louis, Missouri, April 7, 1988,
D. C. Orlich.

"Introductory College Science Courses," Conference

Participants, Washington, D. C., June 5-8, 1988, R.
Brosemer, G. A. Crosby, J. C. Horne, and K. McMichael.
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"Physical Sciences Courses for Elementary Education
Majors: The Role cf Astronomy." Presentation,
American Astronomical Society Meeting, Kansas City,
Kansas, June 7, 1988, J. H. Lutz.

Donald C. Orlich, Julie H. Lutz and James M. Migaki

(1988). "The Creation of a Teacher Physical Science

Sequence--A Progress Report." Washington Science

Teachers’ Journal, 28(2), 6-11.

Dissemination of the project’s activities were also
made on the local, regional, and state media. For example,
kadio Statcion, KING of Seattle, tape recorded a 15 minute
session in 1985 with D. C. Orlich concerning science
education and how this project could improve teaching.
Several articles were published in the Hilltopics, the WSU
monthly Alumni newspaper that goes to over 65, 00 persons.
The Spokane newspaper, The Spokesman Review carried a
laudatory editorial about the project on November 12, 1985.
Numerous local releases were carried in the Pullman Herald
and The Daily News and the Lewiston Tribune. These releases
covered the span of the project. The WSU News Bureau
personnel took great interest in the project and maintained
systematic contact with all project personnel.

As project personnel participated in state, regional or
national cc:ventiouns, requests for materials followed. From
the NSTA conventions many different requests for information
abou: the program or materials were made. Of course, we

anticipate that the NSF will forward the five volumes

attached for d’ssemination to ERIC’s Resources in Education.




Requests for information came from national and
international sites. A listing of written requests is
provided in Appendix A.

Courses Prepared and Delivered

1. EL/SE 311, 3 credits, Teaching Elementary Physical
Sciences. Instructors: D. C. Orlich and J. M. Migaki.

2. EL/S® 312, 3 credits, Teaching Elementary Physical
Science II. 1Instructor: J. M. Migaki.

3. (Astr 250) Phy Sci 250, 4 credits, Physical Sciences for
Elementary Teachers. J. H. Lutz, M. J. Dresser and

P. Bender.
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4., (Astr 251) Phy Sci 251, 4 credits, Physical Sciences for '

Elementary Teachers, R. W. Brosemer, G. A. Croshy, K.
McMichael, and G. Webster.

To expedite course delivery, the astronomy prefix
(Astr) was used as a course designation until Spring of
1988.

Student recruitment. As the grant for this project was

approved in the summer of 1985, it was too late to initiate
the classes during the fall semester 1985. However, during
the summer of 1985 over 2(0 letters were mailed to all
certified elementary teaching majors informing them about
the NSF project, the anticipated courses and the revised
schedule

These students were provided with a self-addressed
envelope and a form ky which we could follow-up. During the

advising periods of the fall semesier (August) and spring
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semester (December) all elementary faculty advisors were
contacted and provided with information about the courses
and the program. Informational materials were distributed
to all advisors and were provided at the Cleveland Hall
registration sites for elementary majors.

During the fall semester Co-Directors, Lutz and Orlich
addressed the entry classes of Education 300 and Mathematics
200 to provide detailed information about the course
schedules. Informal coffee and ccikie social hours were
scheduled in both Cleveland Hall (Education) and Sloan Hall
(Mathematics and Astronomy) to meet students, answer
questions, and to recruit. Presentations were also given in
various mathematics classes required of elementary school
majors.

Such recruitment mechanisms were used during each
semester of the project’s duration. 1In this manner students
were identified, recruited, and registered for the project
courses. It might be noted that many hours were devoted to
recruiting students for the project as these courses were
optional for their programs of study. The Division of
Sciences did allow tentative GUR status for (Astr 250) Phy
Sci 250 and 251 (Astr 251). Students could use up to two
credits toward science GUR’s. The Department of Elementary
and Secondary Education allowed students enrolled in EL/SE

311 or 312 to waive the required EL/SE 305, three credits.
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Science Learning and Instructional Center (SLIC).

Project students had access to the SLIC center directed by
J. C. Horne. This center is an integral component of the
Division of Sciences and is a multimedia and computer aided
instructional complex. Wwhile some computer work was done by
our students, it was concluded that appropriate software for
preservice elementary teachers were sparse. The materials
used in our project were gleaned with care from those used
in other science courses.

One major restraint to using computer aided instruction
was the time that it takes. Considering the classes,
laboratories, outside readings, and computer experiences; it
became apparent that time was a major constraint to

expanding the computer :=ided instruction component.
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Masters. Two students used this project to complete a

thesis and a paper. Their abstracts follow.

Abstract

Gail S. McCurdy (1988). Pendulum Project. Unpublished
masters paper. Pullman: Washington State University.

The investigated problem related to the impact on
student achievement as a result of participating in
laboratory activities or rzading about a single topic.
Using "Swingers" from the SAVI/SELPH program as the
protocol, undergraduates enrolled in elementary science
methods course were subjected to three different treatments
about pendulums. The first treatment was a laboratory
employing the guided discovery format. The second was
reading only about the topic. The third treatment was a
combination of the first two. The research design, using
five random intact groups, is shown below.

Design of the Study

Treatment
Group n  Pretest  Activity  Reading  FPosttest
A 23 yes o o o
B 17 Yes no Yes Yes
c 19 yes yes no yes
P 19 yes yes yes yes
E 8 no Yes no yes

When the four group means on the pretest were compared,
there were no statistically significant differences. Thus,
those groups had essentially the same prior knowledge
concerning pendulums.

Results of the posttest showed that while there was an
increase of posttest scores over pretest means, there were
at the .05 level no differences of sigaificance when
posttests were compared. Test scores indicated that
students who did the laboratory activities without reading
about the topic achieved equally well as those students who
read about the topic. That finding has educational
significance for hands-on science in the elementary school.
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Abstract

Paul E. Adams (1986). Physics lLaboratory for Elementary
Teachers. Unpublished masters paper. Pullman:
Washington State University.

The problem of the investigation was to provide
background materials for a physics laboratory section
oriented to prospective elementary school teachers.

The effectiveness of the materials was evaluated by
using a sample of eight students whose science background
was slightly stronger than is typical of elementary
teachers, yet, exhibicing learning difficulties in physics.

Three laboratories in mechanics, written for the
course, were used for the evaluation. Laboratory one dealt
with velocity, acceleration, and the parameters of a
pendulum’s motion. Lavoratory two covered the vector nature
of force, Newton’s second and third laws, and torque.
Laboratory three was designed toward work, energy and
mechanical advantage as applied to simple rachines.

Each laboratory was evaluated by written tests and
personal interviews of the students. The evaluations were
summed up to provide an overall laboratory evaluvation. It
was found that the laboratory section of the course, with
the exception of laboratory three, was reasonably successful
in teaching physics content, developing use of physics
concepts in reasoning through problems and physical
situations, and reducing anxiety towards physics.

From this evaluation specific recommendations are made
to improve, expand, and implement the physics laboratory.
These are: testing at the end of the laboratory for
comprehension, condensing the laboratories, revising the
worksheets to structure student learning, making available a
large amount of time for students to see the instructor,
giving take-home activities, having a student-to-laboratory-
instructor ratio of twelve, assigning two laboratory
sections of twelve to each laboratory instructor, and
maintaining close association between the laboratory and
lecture.
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Tha Future

The combined efforts of scientists, science educators,
administrators, and students will have a positive impact at
WSU. The most obvious is the institutionalization of
Physical Sciences for Elementary Teachers, Physical Sciences
250, a four credit course as a course fulfilling the General
University Requirement in physical science. This means that
the course has been recognized by university committees as
meeting the goal of the Liberal Arts. Further, Teaching
Elementary Science, EL/SE 304, three credits, is now just
that--a science methods course. Prior to this project,
elementary school majors tc.k a course that combined
mathematics, social science and science methods in one
course. Needless to say, that combination left much to be
desired in all areas.

In the summer of 1988, D. C. Orlich will submit a
proposal to the President of wWSU calling for planning a
"Center for Science and Mathematics Teaching."

The team who collaborated on this NSF project view an
opportunity for ccience and mathematics education at WsSU

that should lead to state and regional leadership in these

dynamic and very necessary areas.




APPENDIX A. Requests for Project Information

Marvin L. Giersch Dr. Douglas R. Smith
rrofessor of Education Professor of Biology
Fort Lewis College University of Guam
Durango, CO 81301 University Station

Mangilao, Guam 96923

Dennis Schatz Barry Harper

Associate Director Lecturer in Physics

For Program Develcpment Wollongong Inst. of Education
Pacific Science Center University of Wollongong

200 Second Ave. North N.S.W. 2500

Seattle, WA 98109 AUSTRALIA (042) 27 0521

C.A. Oetting Stan Renfro
Librarian P.O. Box 154
Woodglen School/Adams #12 Ft. wingate, NM 87316

Thornton, CO 80233

Russ Harding Jeff Bennett

Planetarium Dept. of Astrophys., Plan.
c/o Roton Middle School & Alm. Sciences

Highland Highway University of Colorado
Norwalk, CT 06853 Boulder, CO 80302

Pequita Marasso Carolee Mackey
Elementary School Teachers 7104 Frailey Road
Curriculum Guide Vermilion, OH 44089

9865 Inwood Road
Folsom, CA 95630

Hal Eastin Janice K. Johnson, Sci. Coord.
Cortez H.S. Glendale Union H.S. Dist.

8828 N. 31st Ave. 7650 N. 43rd Ave.

Phoenix, AZ 85021 Glendale, AZ 85301

Dr. Stearns W. Rogers Marlenc: M. Milkent, Ph.D.
Assoc. Prof. Chemistry Professor of Science Education
McNeese State University University of Southern Miss.
Lake Charles, LA 70609 Southern Station Box 8457

Hattiesburg, MS 39406

Paul Adams Tom Gordon

Department of Physics Bronx High School of Science
Fort Hayes University 75 W 205 St.

600 Park St. Bronx, NY 10468

Hayes, KS 67601




Don Loveless

Department of Teacher Education
Pacific Union College

Angwin, CA 94508

Lexrt Brunkhorst
Division of Natural Science
Keuka College

Keuka Park, NY 14478

Joseph S. Balsano, Chair

Dept. of Biological Sciences
University of Wisconsin-Parkside
Kenosha, WI 53141-2000

Penney Hall

Selbyville Middle School
P.O0. Box 232, Hosier St.
Selbyville, DE 19975

Lawrence J. Costanzo

Boston University Associate
22 N. Hill Rd.

Westford, MA 01886

Edward Davis
Assistant Director of Curr.
Parkland School District
2200 Main Blvd.
Allentown, PA

Serv L]

18104

John Payne
650 Monticello Drive
Mableton, GA 30059

Henry Heikkinen

Math & Science Teaching Center
Univ. of Northern Colorado
Greeley, CO 80639

Jay Smith
Supervisor of Sci./Tech.
Central Bucks Sch. Dist.

Doylestown, PA 18901
Clarence Todd

Ush 377

Effingham, KS 66023
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Sandra Flank

School of Education
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