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ABSTRACT
EFFECTS OF A SPECIALLY DESIGNED PHYSICAL SCIENCE COURSE
ON PROSPECTIVE ELEMENTARY TEACHERS® ATTITUDES, KNOWLEDGE
AND SKILLS TOWARDS THE LEARNING AND TEACHING OF SCIENCE
BY

James Ernest O’Non

A physical science content course was designed to pro-
vide prpspective elementary teachers with an integrated
learning experience that would: 1) improve their attitude
toward science and their ability to learn and teach it,

2) increase their knowledge of selected scientific con-
cepts, and 3) develop their skills and appreciation for
learning and teaching science. In delivering the instruc-
tional model, staff members placed equai emphasis on these
three goals.

A major strategy for achieving these goals was the hands-
on laboratory experience where the staff members acted as
role models for the type of science teaching that they
hoped the prospective elementary teachers would adopt for
their own science teaching. Staff members sought to demon-
strate qualities of good science teaching through integrat-
ion of selected attitudes, knowledge and skills.

The research method involved a blend of experimental and
ethnographic approaches. The experimental approaches used
a pretest-posttest design. These approaches included auth-

or developed background-attitude-skills surveys along with
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knowledge questionnaires. The ethnographic approaches in-
cluded open-ended exercises, interviews and anonymous stu-
dent written evaluations. Statistical analysis and triang-
ulation were used to determine reliability and validity of
the data. The data were used to generate and evaluate as-
sertions whose conclusions were compared with results re-
ported in relevant literature.

The students in this study were typical of prospective
elementary teachers. Benefits to students included a large
decrease in science anxiety, a large increase in science en-
joyment, a large increase in their understanding and appli-
cation of their new scientific knowledge, and a dramatic im-
provement in their appreciation and use of specific science
learning and teaching skills.

Data from the study suggest that science courses for pro-
spective elementary teachers should combine appropriate in-
structional modeling, opportunities for active skill devel-
opment,; and supervised practice of specific science content
skills. Integration of these elements appears to be of cen-
tral importance to success in changing students’ attitudes,
knowledge and skills. Implications for practice and future
research are given for pre-service and in-service teacher

education and pre-college science education.
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CHAPTER ONE
INTRODUCTION: THE NEED FOR THE RESEARCH

This Research in a Larger Context.

In the past, the American educational system has
been given much of the credit for producing and main-
taining our world leadership in economic growth, social
freedoms, and democratic ideals. Recently, there has been
evidence to indicate that the level of scientific literacy
in the USA is inadequate for meeting our present and future
needs in these areas.

For example, Daedalus, devoted its entire Spring 1983
issue to the subject of scientific literacy. 1In this
issue, Arons stated that our national ability to remain
democratic and competitive in a scientific age is being
severely tested. Other articles reflected on the diverse
aspects of scientific literacy including suggestions for
improving science education to meet our national needs.

Various national reports have described both the
present deficient condition and the future changes which
are needed in the American system of Science Education.
Several of the large reports were provided by the National
Science Foundation and the National Science Board and will
be quoted later. Aware of the implications of these var-

ious reports, President Reagan, in his address to the
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National Academies of Sciences and Engineering in May 1982,
said:

The problems today in elementary and secondary

school science . . . education are serious . . .

enough to compromise America's future ability to

develop and advance our traditional industrial

base to compete in international marketplaces.

The national reports have revealed that many educators
believe that improving the quality of teachers is a major,
if not the key aspect to improving our educational system.
The National Science Board Report (1983), Educating
Americans for the 21st Century emphasizes the vital role of
the teacher:

The teacher is the key to education --- the vital

factor in motivating and maintaining student interest

in .... science and technology. ( NSB Report p. 27)

Several arguments can be made that the improvement of
the quality of our elementary teachers may be the most
important aspect of the more general challenge of improving
the overall effectiveness of science education for the gen-
eral public. One argument states that even though many
young students are naturally curious about the world around
them, they are often discouraged with "science" soon after
their first educational encounter with it. The National
Science Board's Report (1983) issued this statement:

The evidence is that students entering primary school

exhibit a natural curiosity about ....the world around

them, but are discouraged from consideration of seri-
ous study in these fields early in the elementary

grades due to inadequate teaching....(NSB Report p.42)

Eventually the young students become anxious and

develop negative attitudes about "science" classes. These
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early science anxieties may continue for the rest of their
lives, interfering with the development of scientific
skills for employment and interfering with the appreciation
of the scientific issues that may permeate their lives.

In Project Synthesis, Volume 3 (1981) the importance of

developing positive attitudes towards science in young
students is emphasized:

During these early years, they form their basic atti-

tudes, patterns of thought, and modes of behavior. It

is, therefore, during these years that particular
attention must be given to establishing the attitudes
and modes of inquiry that are associated with
scientific enterprise--- its processes and content.

(Harms & Yager, p. 73)

A similar line of argument is that it is easier, if
not better to prevent science anxieties by eliminating the
factors which cause them early in one's life. One reason
emphasized by Bloom in his Stability and Change in Human

Characteristics (1964) is that the acquisition of the

proper traits early in one's life is significant, if not
crucial, because of the sequential nature of human
development. Bloom states:

It is much easier to learn something new than it is to

stamp out one set of learned behaviors and replace

them by a new set. (Bloom, p.215)

Therefore, it would seem best to engender positive
attitudes, knowledge and skills regarding science in the
elementary school years. However, many elementary teachers
have their own deficiences in these areas. These teaching
deficiences may result in ineffective and even negative

presentations of science. Poor presentations can occur



within any level of our education system, but negative
experiences may have a greater and more lasting effect on
young children. According to Bloom (1964), the early
environment is of crucial importance because it shapes
certain human characteristics "in their most rapid periods
of formation" (p. 215). Therefore, because the potential
for harm is greater with young children, a greater
importance should be placed on improving the elementary
teacher's science skills so that the children are provided
with early science experiences that are both positive and
effective.

Many prospective and practicing elementary teachers
declare openly that they have anxieties and difficulties
with teaching science. Many of them did not enjoy the
"science" classes they had as children or young adults.
Subsequent experiences seemed to reinforce their anxieties,
which result in negative attitudes toward "science" and
insecure feelings about teaching it.

It would have been easier, if not better, to have
improved the scientific attitudes, knowledge and skills of
prospective elementary teachers early in their lives before
it became necessary, as Bloom said, to "stamp out one set
of learned (negative) behaviors" and try to "replace them
by a new (positive) set." 1In the future, most of these be-
havior changes should not have to occur if, as children,

they have positive science education experiences.



But given the present circumstances of negative ele-
mentary and secondary science experiences for many stu-
dents, the earliest opportunities for improving the
scientific attitudes, knowledge and skills of the prospect-
ive elementary teachers may not occur until their teacher
training programs. However, the national reports have
indicated that the existing teacher training programs have
not produced the quality of elementary science teachers
that America needs.

Many professional educators believe that new teacher
training programs are necessary for producing the kind of
elementary science teachers America needs. A report from
the Science and Math Education staff at Cornell called
"Future Directions & Staffing Proposal ..."(1986) states:

Teacher Education .... has been relatively stagnant;

very few new models of training have emerged, and few

of the current models include any significant introduc-
tion to research on (1) how students learn and (2)the

teaching of science.... (Future Directions ...,p. 1)

Lezotte in his "Effective Teacher Training and Urban
School Development” (1981) suggests that preservice teacher
training needs to be more efficient besides more effective.
He believes that teacher educators have a reasonable com-
plaint when they say the typical undergraduate college
program does not allow sufficient time for a comprehensive
training program. He continues:

If one accepts the validity of this complaint ... then

one would want the training program to be as efficient

as possible in order to make maximum use of the time
available. If educators and administrators for under-

graduate training programs were to recognize the cumu-
lative impact of the prior non-formal training, some
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curricular content could probably be eliminated and

new content added in the areas of demonstrated need.

(Lezotte, p. 11)

The Holmes Group report on Tomorrow's Teachers (1986)
advocate a greater coordination between methods and content
in university teacher training programs. One recommen-
dation is:

Professional programs need to revised .... Methods and

content courses need to be complementary and compat-

ible with one another and develop an ethic of inquiry

and professional judgment. (Holmes Group Report, p.55)

Although not designed to specifically address the
above opinions about teacher training programs, this
specially designed science class may produce some of the
qualities of elementary science teachers that have been
described by the reports as necessary improvements in
science education. For example, this dissertation des-
cribes and investigates a specially designed science class
which may constitute a component for a new elementary
teacher training model, whose need was suggested by the
Cornell report and others which now exist. This class may
constitute not only an effective but an efficient approach
to training elementary science teachers, whose need was
suggested by Lezotte. This class may constitute an
effective synthesis of science content and teaching methods
as advocated by the Holmes Group.

Although not excluding the above needs in the design
of this special science class, the staff's conscious ob-

jectives were stated from a different, but complementary,

view. In promoting better elementary science teaching, the



general design of this class tried to encourage in the
prospective teachers the development of a positive set of
"behaviors” toward science to replace the negative set of
"behaviors" learned from their past experiences. The
degree of success in reaching this objective would be based
on the instructional intentions of the staff in the areas
of developing scientific attitudes, knowledge and skills in
the prospective teachers and benefits perceived in these
areas by the students. The literature review will support
the importance that the staff put on these three areas of
teacher development.

The author wishes to make clear that the special
course design was based primarily on the teaching
experience of the staff and their first-hand knowledge of
educational principles. The staff was naturally aware of
certain knowledge that was available to professional educat-
ors. However, the course was not based on an apriori teach-
er training model. Therefore, this dissertation first at-
tempts to describe and investigate the course as it was,
then based on the data, the dissertation infers a teacher
training model to interpret the results and to provide a
structure for further research.

The concerns expressed by the specially designed physi-
cal science course staff in improving the scientific atti-
tudes, knowledge and skills of prospective elementary tea-
chers are consistent with the larger science education com-

munity. However, in this specially designed class, the in-






structional intentions were to improve simultaneously--as
equal objectives-- the scientific attitudes, knowledge and
skills of these prospective elementary teachers. They be-
lieved that an effective elementary science teacher must be
strong and competent in all three areas.

However, they also believed that a prospective
elementary teacher must have a first-hand, positive learn-
ing experience that nurtures these areas if the probability
of having effective elementary science teachers is going to
increase. As one lab instructor named Tom put it, "the way
you've been taught something is the way you tend to teach
it." This means that if elementary teachers are to exhibit
positive scientific attitudes, knowledge and skills in
their own teaching, they will most probably need to have
experienced a class that contained those qualities within
their own learning experience.

Although this is a common idea, many professional
science educators seem reluctant to test it in their own
teacher training programs. In other words, they do not
wish to teach their prospective teachers in a "manner" in
which the prospective teachers could use them as a model
for their own teaching. This idea of acquiring new
patterns of behavior (skills) by watching the performance
of others has been given a name. Bandura in his book,

Psychological Modeling (1971) calls it the "observational

learning effect".
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One's students may have a tendency to use their
instructor as a role model regardless of the instructor's
willingness to be one. Without some consideration of this
possibility by the instructor, a possible unintentional
negative influence could result. Recently, the negative
influence of role models in science education of teachers
was described. Gallagher (1986) mentioned a factor that
may account in part for some problems in secondary science
teaching. He said:

Secondary science teachers' role models were universi-

ty professors who tend to be presenters of informat-

ion, but who rarelg are concerned with students' learn-
ing. Tygically, the university professors' model of
instruction is similar to that observed in secondary
schools: present information, give assignments, eval-
uate performances---good students will learn and the
rest will not. When students do not learn or lack mo-
tivation, it is perceived as the fault of the students

and not the fault of the teachers. (Gallagher, p.9)

Both instructional intentions and role modeling are
important components in developing the attitudes, know-
ledge and skills of an effective teacher training model.
However, the scope of development for these three areas
in an individual is difficult to evaluate and cannot be
measured solely in terms of course design and teaching
techniques. A fuller perspective is needed. Therefore,
it was essential to include the personal perspectives of
the prospective teachers as a part of this research.

A Blend of Experimental & Ethnographic Research Approaches

In order to properly describe and analyze the effects
of this specially designed class in terms of its instruc-

tional intentions and the perceptions of its students, a
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different research plan was needed. This plan involved a
blend of statistics and ethnography. Although, historical-
ly there has been little collaboration between the propon-
ents of the quantitative and qualitative approaches to re-
search, the author believes that both approaches are comple-
mentary in educational research. Science education re-
searchers are beginning to perceive the potential of this

blend of approaches. Gallagher (1985) in Looking into

Classrooms, recently said:

Educational ethnographers and experimentalists com-
plement each other's work. Ethnographers can provide
the understanding of the 'real world of schools'
which can be used by experimentalists as hypotheses
worthy of validation or refutation. The experiment-
alists can subsequently design tests, questionnaires
and other instruments which can be examined for
reliability and validity and used to acquire data on
large and diverse populations of students and teach-
ers. The experimentalists, hopefully, will have
hypotheses for testing which are a more accurate
portrayal of the reality of schooling. The ethno-
graphers, hopefully will have an additional tool

at their disposal for triangulation and increasing
the generalizability of thelr data. Clearly,
educational research will be enriched if both methods
are used by research teams to strengthen the quality
of their research and the usefulness of their
findings. (Gallagher, p. 9)

In addition, ethnographic techniques can offer
insights into the classroom environment provided by the
classroom teacher as researcher. These type of insights
could be new and powerful because this approach of the
teacher as researcher into his own teaching practices has
been denied by the usual research approaches. In his
"Qualitative Methods in Research on Teaching"(1986),

Erickson offers this view:
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Fieldwork research requires skills of observation,
comparison, contrast, and reflection that all humans
gossess. In order to get through life we must all do
nterpretative fieldwork. What professional interpre-
tive researchers do is to make use of ordinary skills
of observation and reflection in especially systematic
and deliberate ways. Classroom teachers can do this
as well, by reflecting on their own practice. Their
role is not that of a participant observer who comes
from the outside world to visit, but of an unusually
observant participant who deliberates inside the
scene of action. (Erickson, p. 157)

Erickson continues by emphasizing that ethnographic
techniques can be considered as a valuable skills possessed
by effective teachers. Erickson argues:

The capacity to reflect critically on one's own
practice, and to articulate that reflection to one-
self and to others, can be thought of an essential
mastery that should be possessed by a master teacher.
(Erickson, p.157)

Erickson goes beyond ethnographic techniques as skills of a
master teacher to the claim that the employment of this
type of research by classroom teachers will strengthen
teaching as a profession. He continues:

If classroom teaching in elementary and secondary
schools is to come of age as a profession--if the role
of teacher is not ot continue to be institutionally in-
fantilized--then teachers need to take the adult re-
sponsibility of investigating their own practice sys-
tematically and critically, by methods that are appro-
priate to their practice....Intergretative research on
teaching, conducted by teachers with outside-classroom
colleagues to provide both support and challenge,
could contribute in no small way to the American
schoolteacher's transition to adulthood as a profes-
sional. (Erickson, p.157)

The possible benefits and necessary precautions of the
observant participant will be discussed later by the author

in detail when describing the research design.
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The need of this type of research model and research
approach in the larger context might be summarized as
follows. America needs to improve its science education
for a number of good reasons--- economic, social and polit-
ical. Improvement of the quality of teacher education is a
key aspect of this national goal of improving science
education. Improving elementary science teaching is a very
important part of the general need for improving science
teaching. New models for training teachers are needed and
then must be researched. In addition, different approaches
to research are needed for investigating these models.

It now seems appropriate to give a brief qualitative

description of the class that encouraged this research.

A Brief Description of Past Students Enrolled in this Class

Some insight into the students' background has been ac-
cumulated from past courses through discussions with stu-
dents and informal surveys. This particular course was
intended to be a sophomore class for the prospective ele-
mentary teachers. 1In the past, most of the students did
not enroll in this class until their Junior or Senior
years. Many of the students would not have enrolled in
this class if it had not been a requirement. This is con-
sistent with the subsequent research data in Table 1 in
Appendix F, where 87% were juniors or seniors and 72% of
the total students would not have enrolled in this class.

In the past, students entering this class have told

the instructors that science anxiety played a significant
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role in the students not wishing to enroll in this
"science" course. Many of the students had already taken
their science methods course and some had actually done
their student teaching, thereby leaving this as their last
class to take before graduation. Other examples of former
student negativity towards science had surfaced in previous
conversations with the instructors. These former students
had used terms like " hateful, too difficult, boring, irrel-
evant, etc." as descriptive of science. Many of the stu-
dents related their present anxiety to their previous en-
counters with "science" classes in education. Some stu-
dents also felt that their teacher training classes have
been inadequate in developing their science learning and
teaching skills. How representative are these descriptions
of prospective elementary teachers is one reason for this
research.

The staff's awareness of general problems in science
education and their knowledge of their past students'
typical backgounds, motivated them to develop a new class
designed especially to meet the preservice training need
of prospective elementary teachers. Comments from students
about this new class ranged widely, but almost everyone had
something positive to say. Examples of comments were:

1) "This is the first time I've enjoyed a science
class."

2) "This is one of the best classes I've taken at
MSU."

3) "I've really learned some interesting things in
this class."
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4) "I wish I would've taken this class before my
science methods class."

5) ;I want to teach science the same way you teach
t."

This type of positive feedback and compliments from
the students encouraged the staff to continually refine the
course in the same direction; that is, to improve the scien-
tific attitudes, knowledge, and skills of the prospective
teachers within the same class.

Even though many students had claimed significant
benefits regarding their scientific attitudes, knowledge,
and skills, no research had been done to describe, under-
stand, or investigate this specially designed course. A
brief description of the course structure and the staff's
instructional intentions should give the reader a prelim-
inary insight into some of the aspects of this course that
led to this research.

A General Description of the Specially Designed Course

Although described as a physical science course for
non-scientists, the class was primarily a conceptual phy-
sics class required by prospective elementary teachers for
their certification. Rigorous mathematical skills were not
required for this course. In the ten-week course, five
units were covered in approximately two-week blocks. In
the five-week summer course, the five units were taught in
approximately one-week blocks. The topics were essentially

the same in both terms. These topics were waves & sound,
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light & color, heat & temperature, electricity & magnetism,
and energy & simple machines.

The textbook used was Conceptual Physics (4th Ed.) by

Paul G. Hewitt. Hewitt's approach to physics seemed to fit
our prospective teachers well. He says:

...+ When the ideas of physics are presented conceptu-

Ing rather than recipes for algebraic manipalation,

our discipline is accessible to all students.

(Hewitt, p. xvii)

His writing style and diagrams were easy for non-
scientists to understand. His examples were relevant to
daily life. Problems found at the end of the chapters
stressed understanding principles and applications.

The laboratory manual was the result of several differ-
ent individuals, who over the years were a part of the
staff for this class. The lab activities were designed to
be guided-discovery, hands-on experiences for small lab
groups, with some applications to daily life. Many labs
were written with the purpose of serving as a future Teach-
er's Manual in which the prospective teacher could use it
as a guide for structuring their own elementary school
labs. The understanding of lab concepts were closely coor-
dinated with key concepts being taught in lecture for that
particular unit.

Certain course handouts were given to the students
before and during a particular unit. They would either
outline the major concepts in the unit or give additional

information not contained in the textbook or lab manual.
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The lecture format involved moderately paced lectures
usually having several demonstrations each lecture. There
were often opportunities for questions on the material.

The professor often solicited discussion by questioning the
class. Periodically, short quizzes were given covering
that lecture's material. During the ten-week course, the
lectures were Monday, Wednesday, and Friday from 3 to

3:50 p.m.. The laboratory format involved a two hour
period eachweek followed by a one hour recitation period
later in the week. The students had the same instructor for
both lab and recitation. Most lab activity was completed
during the two hour period, but sometimes it would carry
over into recitation. Recitation was used in several ways:
problem-set discussions, next week's pre-lab, this week's
post-lab, review sessions for the next test, reviewing the
last test, and generally giving help when needed.

During the five-week course, lectures were Monday
through Thursday for about an hour and a half each day,
for a total of about six hours of lecture each week. This
was followed each day by a laboratory and recitation activ-
ities. The total class time began about 9:10 a.m. and
ended about 12:10 p.m..

Staff Objectives for this Course

This Specially Designed Physical Science Course had
its objectives in three domains: affective, cognitive and
behavioral. It was designed to simultaneously improve the

scientific attitudes, knowledge and skills of prospective
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elementary teachers. Here is a description of some of the
staff objectives that were pursued in this course.

The lecture and lab instructors worked together to
consciously influence all three domains. An effort to de-
crease science anxiety was attempted by producing a non-
threatening, informal class environment. The lab instruct-
ors quickly learned and used the students' first names.
Cards with first names on them were used during labs until
no longer necessary. On the first day of lab, each student
filled out a brief background card giving information about
interests, hobbies, and goals.

An important method for monitoring the students' feel-
ings about the course was accomplished through the use of
anonymous feedback forms at the end of each two-week unit.
In the few minutes after each unit test, the students were
asked to list two experiences they liked about the unit and
list two experiences they would like to change if given the
opportunity. In addition, they were given the opportunity
to rate the difficulty of the lecture material, the formal-
ity of the lecture presentations, and the pace at which
lectures were delivered. Structured reviews and instruct-
ors' availability were designed to help to decrease test
anxiety. Also, students were strongly encouraged to attend
a special review session between the last day of class and
the final exam.

In this course, instructors encouraged the acquisition

of knowledge by demonstrating a high level of concern for
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each student progress and a high level of enthusiasm for
teaching. Various physics' examples relevant to the stu-
dents' lives were provided to foster enthusiasm for learn-
ing the material and seeing its relevance. Great effort
was made by the lab instructors to return corrected mat-
erial by the next lab session or recitation. It is felt
that this effort could exhibit the teachers' high concern
and expectations for student progress, allow the teacher to
closely monitor that progress, and maximize the materials
usefulness and relevance for the student. Activities and
tests were designed to emphasize application of knowledge
rather than just extending one's vocabulary through mem-
orization so that the student can recall words when the
teachers demand it. Test questions emphasized practical
applications to life-experiences through the multiple-
choice and short-answer approach. In the recitation before
each test, a reviewsession was conducted by the lab in-
structor. A review sheet was given out several days before
the review. The lab teacher asked students questions about
the review sheets and helped students to answer their own
questions. The instructors also were available for meeting
with students before and after review sessions if they need-
ed more help.

Science teaching skills were encouraged primarily
through the lab experience where each student was asked to
reflect on each lab experience as a potential teaching situ-

ation for their classroom. Also it was believed that the
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teaching techniques used by the instructors throughout the
course in culturing the affective, cognitive and behavioral
fields would serve as a resource for developing the stu-
dents' own teaching skills. The instructors believed that
"the way you are taught something is the way that you have
a tendency to teach it."

Laboratory Activities Related to the Three Domains

The above instructional intentions could have their
most significant effect in the laboratory/recitation part
of this course. Here, where the class size should be
approximately twenty students, more effective teacher-
student interactions were possible.

The affective domain could be greatly influenced by
the small, activity-oriented lab groups. In this course no
more than 4 students comprised the lab groupings. A hands-
on, guided-discovery approach helped maintain a fairly high
level of activity. The lab environment attempted to be non-
threatening and friendly with emphasis on developing trust
toward the instructor and other students. This course en-
couraged the students to be honest and open when making mis-
takes and asking questions during their own discovery pro-
cesses. These "scientific processes" included the develop-
ment of science inquiry skills such as observing, manipula-
ting, discovering, making tentative conclusions, and dis-
cussing their experiences with their small lab group and

the instructor.
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The cognitive domain could be encouraged by making
strong conceptual connections from the lab activites to lec-
ture and textbook materials. In this course, it was accom-
plished in part by guiding the students to perceiving under-
lying principles through specific inquiry lab activities
ties and relating them to concepts mentioned in the 1lec-
tures and textbook. References were made to previous lab
activites to further the inter-relatedness of knowledge.
The instructors also made conscious references to the stu-
dents' experiences by showing the relevance of scientific

knowledge and thinking skills to the students' daily
experiences.

The behavioral field could be nurtured by making con-
scious references to developing science learning and teach-
ing skills. In this course, the lab manual was designed to
become a future teaching resource for the prospective elem-
entary teachers. The learning skills acquired during the
labs were expected to translate into the students' own
teaching skills. After each lab, the students were requir-
ed to analyze the lab's potential use to them as future
teachers, while their own learning experiences were still
fresh in their minds.

The weekly lab reports were expected to influence
learning in the cognitive, behavioral and affective do-
mains. In addition to submitting the answer pages from
the lab manual, the students were required to write sever-

al sections of the report in their own words. This was in-
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tended to foster a deeper understanding of the concepts and
learning processes by forcing the student to review their
lab work within two days of having done it. Sections in
their own writing included the lab's purpose, definition of
important terms, the benefits they received as a learner,
and the changes they would make in the lab for their poten-
tial teaching situations. These were intended to provide
some valuable insight and relevance for them as future
elementary teachers.

The above aspects of the lab reports were intended to
serve primarily as cognitive and behavioral influences on
the students. The affective aspects of the students could
be influenced by how the instructors grade the lab reports.
In this course, certain wrong answers did not severely low-
er a grade if it was clearly a result of the scientific
discovery process. Student perceptions and suggestions
were treated with an open mind and with respect. The in-
structors paid particular attention to the written sections
on learner benefits and potential teaching changes. They
made positive comments and suggestions when appropriate.

Given an introduction and background to this research,
it now seems appropriate to state the Problem Statement

and the Research Themes and Questions.

Problem Statement and Research Themes

The purpose of this research is to describe and inves-
tigate the effects of a specially designed science content

course on the attitudes, knowledge and skills of prospect-



8a

..

">

M3

S

.
12X
-

e

-



22

ive elementary teachers toward the learning and teaching of
science with the intent that this course could provide an
important component for a new teacher training model. The
focus of this investigation may be best described in its
problem statement:

What effect does this specially designed physical

science class with an emphasis on laboratory activi-

ties have on the attitudes, knowledge and skills of
prospective elementary teachers regarding the learning
and teaching of science?

There are two primary research themes with a number of
research questions contained in each theme. The following
is a list of both themes with their research questions:
RESEARCH THEME # 1: Describe the nature of the students
entering this course in terms of their attitudes, knowledge
and skills regarding the learning and teaching of science.

a) What are some of the general educational back-
ground characteristics of the students?

b) What are the students' attitudes toward the learn-
ing and teaching of science? How can we classify
these attitudes

c) What do the studesnts know about wave phenomena?

d) What science learning skills do the students have?
What science learning skills do they value?

e) What science teaching skills do the students per-
ceive as valuable?

RESEARCH THEME # 2: Describe the changes in the students
as the result of the instruction experienced in this
course.

a) What changes occurred in the students' attitudes
toward the learning and teaching of science?

b) What changes occurred in the students' knowledge
of wave phenomena?
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c) What changes occurred in the students' science
learning skills? What changes occurred in their
perceived value of science learning skills?

d) Wwhat changes occurred in the students' perceived
value of science teaching skills?

It will now be interesting to relate some of the
introduction and background ideas from Chapter One to some

relevant literature in Chapter Two.



CHAPTER TWO
REVIEW OF RELATED LITERATURE

The literature review will cover three areas of interest:

1. Literature pertaining to the need for improving
science education and science teachers.

2. Review of literature related to developing a new
model for training teachers.

3. Literature related to the blending of statistics
and ethnography as a unique research approach
and its potential in science education research.

The Need for Improving Science Education & Science Teachers

Science educators have perceived the need for improv-
ing science education since at least World War II. Several
government funding and public awareness efforts have
attempted to solve the continuing problem. Over the years,
curriculum reform projects have produced mixed results at
best. The latest public and governmental outcry started
around 1980 when it became apparent that several foreign
countries were threatening the economy of the United
States. Presently, evidence continues to accumulate re-
garding the need for better science teaching.

The Spring 1983 issue of Daedalus was devoted entirely
to the subject of Scientific Literacy in America. In this
issue, Arons makes the following claim about the need to
improve science teaching for the survival of our culture:

If we are survive with our democratic principles and
make competent decisions in a competitive world,

24
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American citizens need to significantly improve their
scientific literacy (Arons, p. 91).

Also in 1983, the National Science Board reported in
Educating Americans for the 21st Century on what a student

should be able to do after having completed his education.
Highlighted are words emphasizing knowledge process skills
which are related to the development and use of science
learning and teaching skills. These words are short and
easily said, but under close examination they can reflect
the profound depth of thinking skills involved in their
use. The Board states:

Students who have progressed through the Nation's

school systems should be able to use both the know-

ledge and products of science... in their thinking,
their lives, and their work. They should be able to
make informed choices regarding their own health and
lifestyles based on evidence and reasonable personal
preferences, after taking into consideration short-
and long-term risks and benefits of different decis-
ions. They should also be prepared to make similarly
informed choices in the social and political arenas

(NSB Report, p.45).

Progress toward this lofty vision must involve a shift
in science educational goals and practices from the current
emphasis on a select group of students to an emphasis on
preparing all students for a scientific and competitive

world. The National Science Foundation's Project Synthe-

sis,Volume 3 edited by Harms and Yager (1981) concerned

about this need asked:

Can science education shift its goals, programs, and
practices from the current overwhelming emphasis on
academic preparation for science careers for a few
students to an emphasis on preparing all students to
gragple successfull{ with science and technolo?y in
their own everiday ives, as well as to participate
knowledgeably in the important science-related



v
1251

e

M

.~

..,
vu,




26

decisions our country will have to make in the
future? (Harms & Yager, p. 119).

Since 1981, it has become increasingly apparent that sci-
ence education needs to shift its goals and resources to
preparing all of its students.

Part of the needed shift for preparing all students
must involve an emphasis on the children's early education.
Harms and Yager (1981) also report the observation that
young children are naturally curious about the world and
are continuously exploring their immediate environment.
They state:

During these early years, they form their basic

attitudes, patterns of thought, and modes of behavior.

It is, therefore, during these years that particular

attention must be given to establishing the attitudes

and modes of inquiry that are associated with the
scientific enterprise--its processes and content

(Harms & Yager, p.73).

If prospective elementary teachers are to teach these atti-
tudes and modes of scientific inquiry to children, then
they must have developed these skills in themselves. Over-
whelming evidence has indicated that this is not the case.
With this lack in development of attitudes, knowledge and
skills in prospective and practicing elementary teachers,
it should not be surprising that past and present practice
shows an overwhelming lack of science emphasis in element-
ary programs. Poor elementary science teaching has foster-
ed negative attitudes towards science in young students.

In Educating Amercians for the 21st Century (1983), the com-

mittee extends the Harms' and Yager's observation by making

a stronger statement:
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The evidence that students entering primary school
exhibit a natural curiosity about... the world around
them, but are discouraged from consideration of seri-
ous study in these fields ear1¥ in the elementa
grades due to inadequate teaching or lack of motiva-
tion (NSB Report, p.42).

As we have seen, the concerns of science educators
are beginning to focus on elementary school science.
This emphasis in early education is also important for

developmental reasons. Benjamin Bloom in Stability and

Change in Human Characteristics (1964) describes the import-

ance of introducing the proper attitudes, knowledge and
skills to young children with first emphasizing the lack
of cultural appreciation of this fact. He states:

There appears to be an implicit assumption running
through the culture that change in behavior and
personality can take place at any age or stage of
development and that the developments at one age, or
stage are no more significant than those which take
place at another (Bloom, p.214).

We believe that the early environment is of crucial
importance for three reasons. The first is based on
the very rapid growth of selected characteristics in
the early years and conceives of the variations in the
early environment as so important because the¥ shape
these characteristics in their most rapid periods of
formation... However, another way of viewing the
importance of the early environment has to do with the
sequential nature of much of human development...A
third reason... It is much easier to learn something
new than it is to stamp out one set of learned behav-
iors and replace them by a new set (Bloom, p.215).

Many educators and psychologists do recognize the
importance of the proper experiences early in a child's
life. However, the common form of teaching in American
schools is not encouraging. Atkin in Daedalus (1983)
describes some common early science classroom experiences

for American children:
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The most common form of teaching in American schools
is still the recitation: the teacher asks a question;
the child answers it, preferably in the words of the
textbook. Typically, the teacher assigns, the child-
ren recite, the teacher tests, and then--sometimes--
the class participates in discussion. Further more
the questions teachers ask in science frequently foc-
us on definitions and terminology. The essence of
the children's task is to search the text for a sen-
ten$e that contains the correct answer (Atkin, p.
183).

In fact, the more creative and perhaps scientific
children, who are willing to think about science rather
than just memorize facts, may be actually discouraged
from develbping their thinking skills. Atkin quotes Stakes
and Easley (1978) from Case Studies in Science Education
to illustrate this point:

The student that tries to improvise an answer reveals

. « « that he has failed to work thoroughly on the

text, and the response is greeted with disapproval

(Atkin, p. 183).

Contrary to the prevalent early science experiences,
many science educators believe that the elementary class-
room should be the place to excite the students' curiosity,
build their interest in their world, and practice the me-
thods of science. It should not be a place that is con-

strained by a textbook. Harms and Yager (1981) in Project
Synthesis, Volume 3 describe what they believe and what the

"NSF" research believes is the superior elementary
classroom:

Instead the classroom should be the place to excite
students' curiosity, build their interest in their
world and themselves and provide them with opportun-
ities to practice the methods of science. Such a
program can be made conceptually rich by introducing
exciting and important phenomena to be observed and
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analyzed, but it should not reflect a need to cover a

syllabus of content in all science disciplines

(Harms & Yager, p.75).

This early proper exposure to science is critical to
later achievement. peveloping many science process skills
is not very difficult for most children and should be
encouraged. The National Science Board Report, Educating
Americans for the 21st Century agrees that an early and
stimulating learning atmosphere is the best experience for
young science students:

Early and substantial exposure to ... scientific con-

cepts and processes is critical to later achievement.

Early creative and stimulating experience is essen-

tial to truly equal opportunity and to effective and

continuing study in these fields (NSB Report, p.22).

The Board also emphasizes that these early experiences
should involve first-hand experiences in developing science
process skills. It states:

.+, the nature of scientific inquiry and observation

presents frequent opportunities for experiencing

success with original ideas. Such inquiry does not
require unique answers. Students can rightly and
successfully report what they have seen and found.

This type of experience should be encouraged

(NSB Report, p. 44).

The Board realizes and emphasizes the vital role of the
teacher in producing the type of early environment for the
development of these learning experiences. It states:

The teacher is the key to education--the vital factor

in motivating and maintaining student interest in

math?matics, science, and technology (NSB Report,
pP.27).

Another NSF Report: What are the Needs in Pre-College

Science .... Education? significantly concurs with the im-
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portant influence of the teacher on elementary science. It
states:

The studies found, not surprisingly, that within any
classroom the science taught and the way it was taught
is dependent primarily on what the individual teacher
BELIEVES, KNOWS, and DOES. (My emphasis). Numerous
studies indicate that the type of instruction does
affect student learning and that the teacher is the
most important instructional variable. The critical
role of the teacher in instituting changes is well
documented (What are ..., p .49).

Too often what the elementary teacher "believes,
knows, and does" indicates a very low appreciation of
science. According to Harms & Yager (1981), this low appre-
ciation is easily observed in the typical elementary class-

room. In Project Synthesis,Volume 3, they state:

The typical elementary science experience of most stu-
dents 1s at best very limited. Most often science is
taught at the end of the day, if there is time, by a
teacher who has little interest, experience or train-
ing to teach science. Although some limited equipment
is available, it usually remains unused. The lesson
will probably come from a textbook selected by a com-
mittee of teachers at the school or from teacher-
prepared worksheets. It will consist of reading and
memorizing some science facts related to a concept
too abstract to be well understood by the student but
selected because it is 'in the book' (Harms & Yager,
P -73).

One comprehensive explanation for this tygically poor ele-
mentary science teaching approach is provieded by Harms &
Yager (1981). They emphasize the importance of proper
teacher training programs, when they state:

The elementary teacher preservice program has a
significant influence on preparing elementary
teachers' attitude and knowledge (Harms & Yager,
P. 24).
But what kind of influence is the pre-service training,
when studies reveal that most practicing elementary tea-

chers exhibit high science anxiety, little knowledge of
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science and poorly developed science learning and teaching

skills. Project Synthesis, Volume 3 gives the following

description of elementary teachers:

Many elementary teachers lack confidence in their
knowledge of science concepts (Harms & Yager, p .88).

Many elementary teachers are not aware or comfortable
with different methods of teaching science (Harms &
Yager, p .86).

A major reason for the ineffectiveness of manX
elementary teachers is the lack of proper training in
the sciences (Harms & Yager, p. 24).

The NSF Report, What are the Needs in Pre-College

Science .... Education? reveals that it is not just the Pre-

Service Training Programs that are deficient, but there is
a SIGNIFICANT LACK OF SUPPORT SYSTEMS for science education
as a whole and the public at large:

...1it is agparent that an alarming number of adults
cannot tell sense from nonsense (What are ..., p. 97).

The whole climate under which teachers are working is
less favorable to the pursuit of excellence than 1t
was in the latter part of the 1950's and most of the
1960s (What are ..., p. 96).

The above indicate that the general public is not able
or willing to give the needed support for improving science
education. The following excerpts show that a lack of in-
sight and expertise exists within most school systems in
the nation. This NSF report continues:

Science and the development of critical thinking

skills ....have assumed a low priority in the thinking

of school administrators. An increased emphasis on
the "basic" learning skills such as reading, arith-
metic, and spelling, is pre-empting time previously

available for the study of science...especially in
elementary schools... and were seen as having a rather
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limited value for the student body at large... (What
are ..., p. 96).

Few school principals have a good academic background
in science... this make it difficult for them to help
teachers to develop effective science... instructional
programs (What are ..., p. 97).

From the above, it seems that unfortunately, there are
not as many opportunities as there once were for teachers
to improve their knowledge of science and their science tea-
ching skills. 1In spite of this frustration, prospective
and practicing desire better pre-service and in-service sci-
ence education programs. The above NSF report says:

Large number of teachers have said they wanted

greater opportunities to learn new teaching methods,

especially regarding the use of 'hands-on' materials

and the implementation of the discovery approach

(What are ..., p. 100).

This frustration of teachers' expectations for themselves
has some possible implications for their expectations of
their students as learners, according to Lezotte, Hathaway,
Miller, Passalacqua, & Brookover (1980) in their School

Learning Climate and Student Achievement:

Teachers' expectations for students are closely tied
to the expectations teachers hold for themselves. It
is essential for teachers to have high expectations
for themselves as teachers and high expectations for
students as learners (Lezotte et al., p. 103).
Although the influence of expectations on the element-
ary students is important, the greater significance may be
the origin of low expectations starting with the university
staff has for their prospective and practicing elementary
teachers. According to Lezotte, et al., the level of ex-

pectations can have a significant effect on the level of
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achievement the elementary teachers exhibit in developing
their own science learning and teaching skill during their
university teacher training programs. They profess:

This involves the self-fulfilling prophecy in which

expectations of achievement are communicated by the

teacher through both overt and subtle means. The
student then conforms to the level of expectation
rather than to his or her actual level of ability.

The teacher, in turn, perceives this performance

level as the actual ability level, which confirms the

original judgment (Lezotte et al., p. 52).

The above samples of literature have given some
insight into several major problems concerning the im-
provement of science education and the training of sci-
ence teachers. These quotes contain some of the criteria
for a new teacher training model by focusing some atten-
tion on the need to improve the attitudes, knowledge and
skills of prospective and practicing elementary teachers.
The next area of focus will be the review of some litera-
ture related to developing a new model for training

teachers.

Some Criteria f