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- ABSTRACT

The problem investigated in this study was to determine whether
participation in a NSF integrated summer science institute (post
baccalaureate) at Montana State University changed needs, skills and
attitudes of the participants, with some focus on the participants’
secondary students attitudes and self-concept.

Data were gathered from the participants and their students.
Hypotheses testing included use of the Student's t test, Linear
Discriminant Analysis, Pearson r and Multiple Linear Regression
statistics. All hypotheses were tested for significance at the
p=<.05 level.

Statistically significant results of the study were: a) there
was a difference in secondary student intellectual/emotional scientific
attitudes when compared before and after the NSF institute, b) there
were distinct variables that distinguished between student and teacher
participant groups and c) there was a significant, yet very limited
relationship between scientific attitudes and teacher self-
actualization.

Although no statistically significant differences were found for
participants and their changes in needs, exptrapolating to a larger
sample size suggests the effectiveness of the NSF institute. There
appears to be a trend in the decrease of needs relative to understand-
ing of students, improvement of classroom instruction, planning and
self-improvement of the science teacher.

Recommendations for action are: a) public school administrators
should help science educators lead the way to science reform across the
nation by making sure that science programs are relevant, useful,
taught in a personal and humanistic manner, b) similar. 1nst1tutes
designed to expand science learning opportunltles should receive
federal support, c) there is need for the development and valida-
tion of more instruments to measure teacher/student attitude towards
science and scientific attitude and d) there is need for more secondary
science teachers to become involved in NSF science institutes.




CHAPTER 1
INTRODUCTION

Inservice science teacher training - is there any evidence that
shows that summer science institutes change need; for self-improvement
of secondary school science teachers? Do the participants' students
benefit from new instructional techniques and planning of their
teachers? Do the participants' students experience a change in
scientific attitudes and self-concept in science process skills affer
participation in integrated science modules? These questions are
concerns for science curriculum implementation and staff development.

Measuring teachers' professional development, planning inservices
and evaluating student achievement are some of the administrative
activities which contribute toward sound educational practices within
our schools. The personal and financial investmenté of teachers and
school districts implies a .need for research relative to the benefit
from teacher attendance at summer science institutes (Welch & Walbegé,
1967~68; Moore & Blankenship, 1978). School administrators and science
educators need to be aware of current research in science teaching

methodology and renew the emphasis on the role of science education in

the curriculum to enhance the development of scientific literacy in the

schools (Allen, M., 1983; Anderson, R.D., 1983).
Administrators are being told that there is a crisis in science

. education (Yager, R.E. & Penick, J.E., 1984; Hurd, P.D., 1985). The
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NationallAssessment of‘Educational Progress (NAEP) in a report of the
state of science teaching in the USA, produced a stinging indictment of
current and past practices in science teaching (Yager and Penick,
1984).

The NAEP report and follow-up assessment of nine-thousand students
of age thirteen and seventgen producgd a strong and consistent opinion.
Over 50% of the students believed that their teachers did not take a
personal interest in them. Over seventy-nine percent of the students
believed that what they learned in their classes had nothing £o do with
the real world. Students noted that textpooks still dominated the
classroom. Over 53% of all students surveyed reported that their
science classes méde them unhappy. Recént inves£igations by Simpsgn
and Oliver, (1985) continue to support the findings of the NAEP report.

Goodlad (1983), who reviewed datg from 1016 classrooms,.found the
classrooms to be relatively uniform in most aspects. The resulis of
the NAEP assessment and follow-up 1983 assessment (Huftle, S8.J.,

Rakow, S.J., & Welch, W.W.) indicated what not to do in our classrooms.
Declining test scores, low classroom enrollﬁents, shortages of
qualified teachers and loss of federal support are a few indicators of
the current crisis in science education.

Paul Hurd (1985) calls on administrators to accept the challenge
and to reform science education, not just rékindle a new interest.in
science. He calls for administratoré to bring our programs into

harmony with contemporary science and society. Otherwise "our nation's

young people will continue to grow up in their own culture and leave
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high school as scientific and technological illiterates." The new
program should be basic to the general education of all students.

Teacher certification, selection and promotion by state and local
school administrators seems to be formed on the premise that the prior
learning experiences of a teacher influence his/her ability to guide
secondary students' learning in the cognitive and affective domains.
The National Science Foundation (NSF) has supported variou; programs
designed to enhance the experiences of teachers.

Thelen and Litsky (1972) studied the effects of a six week summer
science teacher institute (integrated field laboratory approach) which
dealt with water pollution control. They believed that the teachers
benefitted from attending the institute because they integrated the
water pollution unit into their regular curricula. However, Thelen
and Litsky warn that school administrators must not ascribe a cause
and effect relationship between teacher qualifications and student
achievement. Instructor competency, defined as.a function of exper-
ience, credit hours and course grades represents measurement based on
‘incomplete criteria. Thus, one must exercise caution in making the
generalization that there is a relationship, especially a causal i
relationship, between teacher qualification and student achievement.

Individual studies have indicated a positive correlation between
NSF institutes and student achievement (Wilson & Garibaldi, 1976). A
meta-analysis conducted by Druva and Anderson (19%3) which examined
sixty~-five dissertations, journal articles and unpublished articles
concerning teacher characteristics and student outcome, showed only

low correlations. Teacher attendance at academic institutes was
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positively correlated (r =.16) to student cognitive achievement.
Student attitude énd process skills were positively correlated (r =.21
& r =.18) to the number of sci?nce courses taken by.teachers. These
low correlations suggest the discrepancies between peréeived benefits

and measurable changes. A larger data base is needed for future

research.

Statement of the Problem

The problem of this study was two-fold: (1) to determine if
participation in an NSF, summer integrateé/science institute at Montana
State University 1981, changed participant needs, skills and attitudes
and, (2) to determine if the participants’' students demonstrated a

change in their scientific attitude and self-concept towards science

process skills.

Purpose of the Study

Réduction in federal support, declining student test scores,
shortages of qualified teachers and low enfollments in science classes
are a few problems that have faced Science Education during the pasg
decade. National reports are in broad agreement that reform is needed
in order to bring science education into harmony with contemporary
science and society.

A

Gabel, Kagen and Sherwood (1980) in their review of research in

science education stated that science education research can be divided

into two basic areas: teaching skill acquisition and skill effective-

ness. They call for investigators to span the gap between acquisition
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and effectiveﬁéss and carry out the more difficult task of a longi~
tudinal study. Also, the investigation serves to add to the data base
concerning teacher needs after participation in summer integrated
science institute and student affective changes after participation
in integrated science modules.

The Montana Council of Teachers of Mathematics (MCTM) surveyed
science teacher needs during the 1976-77'académic.year in Montana.
High priority needs of the 162 individuals who responded were:
motivation of students (64%), curriculum development (57%), content
background (47%), individualized instruction (40%) and interdisci-
plinary instruction (41%). These data provided a framework for the
summer institute programming at MSU.

Welch and Walberg (1967-68) stated that a need éxists for the
examinatioﬁ of objectives and subsequent gains by teachers in the
understanding of sciénce'after participation in summer science
institutes. Moore (1978)'a1so.stressed the importaﬁce of mee?ing the
needs of science teachers during inservice training.

Specific research efforts exploring the associatioen between NSF
Institutes and student achievément (Willson & Garibaldi, 1976; i
" Helgeson, 1974 and Thelen & Litsky) indicated a positive correlation
between the two variables. Students of teachers who have attended
three or more NSF Institutes perform better than students of teachers
who have attended none, one or two institutes.

Another study by Willson & Lawrenz (1980) investigated relation-
ships between teacher participation in NSF Institutes and student

attitudes and perception of their classroom learning environment.




Lo el |

6

Willson & Lawrenz found a positive correlation between institute

participation and student attitude. There seems to be no research

prior to Willson & Lawrenzs' investigation on the effects of science
teacher participation in an NSF Institute on the attitudes and percep-
tions of their students. Since the correlations for Willson and
Lawrenzs' study were low (.25), further research may help substantiate
their findinés. |

Other NSF sponsored institutes have reéognized the need for
inclusion of the often neglected affective domain within science
education (Zurhellen & Johnson, 1972). Stpdies by Welling (1974) and
Murray (1972) found a significant difference in pupils' perception of
teachers who scored low vs. those teachers who scored high on the

Personal Orientation Inventory (POI) (Showstrom, 1964). The POI is.

considered by the above researchers to be useful in the measure of
teacher level of self-actualization. Maslow (1970), defines Self-
actualization as becoming a fully functioning person and living a more
enriched life than the average person. Rogers (1961) and Maslow
(1971) reasoned that the best teacher would be the highly self-
actualized individual, one who would promote a helping relationship:_
Knight (1973) recommended that the POI be used as a screen to sort out
the low scoring individuals from the profession. She reasoned that
high scoring individuals make the best teachers. Heintschel (1978),
Coble & Hounshell (1972) and Lawrenz (1976) suggesﬁed the néed for
additional research in the assessment of relationships between science

teachers' level of self-actualization and student changes in the

affective domain.
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School administrators charged with the responsibility of hiring
and supervising teachers will find this study of particular interest
as it explores the concept of participant self-actualization as related
to secondary student scientific attitudes and self-concept in science

as well as the cognitive growth of science teachers.

General Questions-to be Answered

This study will attempt to answer these general questions.

1. Was there a change in the NSF participants' needs related to
self-improvement after the institute, as measured by self-reporting?

2. Was there a relationship between the participants' level of
self-actualization and student scientific attitude.

3. Was there a relationship between secondary sfudent self-
concept and teacher self-actualization?

4. Was there a change in the NSF participants' secondary student
scientific attitudeé after completion of modular coursework?

5. Did the participants' students demonstrate a change in
self-concept after coursework in interdisciplinary science modules?

6. Were there distinct variables that separated teacher and

student participant groups?

General Procedures

Montana State University (MSU) was awarded an NSF summer institute
grant to help Montana science teachers integrate the basic sciences
within each teachers' curriculum. The workshop was held during the

summer of 1981. Assumptions similar to those made by Thelen and
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Litsky were made by the project director, Dr. Paul S. Markovits.
Instructors fér the project were Drs. John Amend, Joe Ashley, Brent
Haglund, Larry Kirkpatrick, Paul Markovits, Bob Moore, and Pierce
Mullen who developed and taught integrated geology-biology and physics-
chemistfy—history courses at MSU.

The summer institute began at MSU on June 22nd and ended on July
17, 1981. Participants were teachers of science from Montana, Idaho,
North and South Dakota, New York and The United Kingdom. Each teacher
taught for two years or more and had at least fifteen undergraduate
credit hours in science.

Of the two interdisciplinary courses, one was a combination
biology-geolog& course and the other a history of science-chemistry-
physics course. Both courses were designed to integrate the sciences
and serve as models for integrated courses.

Several teaching strategies were utilized iﬁ order to demonstrate
various effective ways students learn.' Scientific field experiences
were an important part of the program. In additibﬁ, each participant
was .required to develop two integrated science modules before he/she
was awarded full credit for the institute. A description of a scieﬂée
module is found in Appendix A. Although the NSF participants were
asked to try each module in a normal classroom setting during the
academic year, active use was left to the discretion of each teacher.

Two instruments which measured teacher needs and teacher self-
actualization levels were used by the researcher. Institute

participants were pretested and posttested with the Moore Assessment

Profile (MAP), 1977. The MAP inventories the science teaching needs
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of the participants. In order to determine the institute participants’

. level of self-actualization, the POI was administrated at the beginning

of the institute, before the institute participants had completed the
first module and-one school year after the completion of the second
module. Teacher self-actualization scores were basea on the first POI
testing for each individual teacher.

Two instruments were used to measure student scientific attitude
and self-concept in science process skills. Secondary student
scientific attitudes were pretested and posttested with the Science

Attitude Inventory (SAI), 1970. Student self-concept levels in science

process skills were measured by using the Self-Concept in Science

Scale (SCSS), Doran & Selers, 1978. This instrument is designed to
measure operations of learning in the classroom as well as self-concept.
Pretesting for secondary school students took place in the fall of

1981. These students were also posttested in the spring of 1982 after

participation in integrated science modules.

Limitations and/or Delimitations

The delimitations of this. study are:

1. The study is limited to participants attending the NSF, 1981
summer interdisciplihary science institute at MSU, and a sample of
their secondary science students.

2. The participants were not randomly selected. The investiga~
tor and institute director assigned the teachers to two groups; the

institute group and module group.
; ;
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3. The participants were self-selected for the institute and
selection depended on having a minimum of 15 hours of science course-

work.

4. The institute was designed for inservice science ﬁea;hefs
only.

5. The institute was designed for but not limited to teachéfs.
from the State of Montana.

Limitation of this study:

1. The study was limited by the length of time for the institute
(4 weeks) and the 2 year follow-up time frame.

2. Student data were treated as group data because of an

inability to obtain matched, individual pre~post data.

Definition of Terms

The following definitions are provided by the investigator or
other researchers and are to be considered as operational definitions.

Control group. A group of teachers or students selected to serve

as controls for the study who did not attend the 1981, NSF Interdisci-

plinary, Summer Science Institute and MSU.

Control participant. One of five Montana teachers who were

selected as controls and did not participate in the summer institute.

Control student. Any.student of a control group participant.

Emotional scientific attitude. Attitudes based upon a feeling or

emotional reaction to the psychological object of the attitude (Moore

and Sutman, 1970).
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Interdisciplinary course. A course in which more than one
discipline is the major center of study. In this case, an integration
of the traditional academic areas of biology, geology, history of
science, chemistry and physics.

Institute participant/teacher (NSF). Any teacher enrolled in the

1981, NSF Summer Integrated Science Institute at MSU.

Institute group/teacher (NSF). Teacher(s) who attended the NSF
Summer Integrated Science Institute at MSU, but who's students were

not involved in pre/posttesting of the SAI and SCSS.

Integrated Science Module. Geology-Biology and Physics-Chemistry-

history of science laboratory learning exercises designed to integrate
the scientific disciplines, developed by the teachers at the 1981, NSF
Summer Integrated Science Institute at MSU.

Intellectual scientific attitude. Attitudes based upon some

knowledge about the psychological object of the attitude (Moore and

sutman, 1970).

Module group. A group of teachers or students selected to test

for changes after participation in the 1981, NSF Summer Integrated
Science Institute at MSU or after participation in teacher developed

science modules.

Module participant/teacher. One of nine Montana teachers

selected by the researcher to test his/her students for affective
changes after participation in teacher developed modules.

Module student. Any pupil of a module participant in the 1981,

NSF Summer Integrated Science Institute at MSU.
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Participant. Any teacher who attended the 1981, NSF Summer
Integrated Science Institute at MSU.

Post-service training. Any graduate level training through

course work which may apply towards school district advancement.

Pre-service training. Undergraduate course work in teacher

education and content area.

Priority need. A factor need area in which the secondary science

teacher perceives more than a moderate need for assistance (Moore,
1978).

~Qualified applicant. Any secondary science teacher who has

taught at least one course in science for a minimum of two years.
He/she must also have a minimum academic background of at least
fifteen undergraduate credit hours in the area of science.

Science processes. The methods used to learn facts, principles

and data which form the content matrix.

Science teacher need. A conscious drive, interest, or desire on

the part of a science teacher which is necessary for the improvement

of science teaching (Moore, 1977).

Scientific attitude. An opinion or positionﬁtaken with respect

to a psychological object in the field of science (Moore and Sutman,
1970).

Secondary student.  Any student from grades 7-12.

Secondary teacher. A teacher holding a teaching certificate

valid for grades 7-12 (Moore, 1978).

Self-actualizing person. A person who is more fully functioning

and lives a more enriched life than does the average person (Maslow,
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1970). Self-acutualizing people are freer to give of themselves to

humanity more effectively than the average people (Coble.and Hounshell,

1972).

Self-concept in science process skills: Perception of oneself as
a science student in the classroom process operations of observing,
comparing, classifying, quantifying, measuring, experimenting,
-predicting and concluding.3

Summer institute. A four week teacher training program supported

by NSF.
| Teacher. A State certified instructor.

Workshop. A teacher training program that is generally considered
to be shorter in duration than an institute. In this report, the term

workshop is interchanged with the term summer institute.
Summary

The problem of the study was two—fold; 1) to determine if
participation in an NSF summer integrated science institute (post-
baccalaureate) éF Montana State University duriné the summer of 1981
changed participant needs, skills and attitudes and 2) to determine-;f
the participants' students demonstrated a change in their scientific
attitude and self-concept towards science process skills. This

investigator stated the purpose, general questions, procedurés,

limitations and/or delimitations and definition of terms of the study.
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'CHAPTER 2
REVIEW OF LITERATURE

The literature pertinent to the post-baccalaureate training of
science teachers was reviewed for the six areas relative to the
purposes of this study. These areas are: 1) needs of science teachers,
2) past curricular trends in science, 3) humanism in scieﬁce education,
4) student perception of the self-actualizing teacher, 5) teacher
self-actualization and student progress and 6) Student attitude and

achievement.

Needs of Science Teachers

Shifts in science teaching curricula, methods and media change
the role of the science teacher. This role change is‘partially due to
the realization of unfulfilled cognitive, psychomotor{ and affective
needs (Blankenship & Moore, 1977). Few investigators have explored
the needs of secondary science teachers. Bledsoe and Morris (1964)—
surveyed a group of 115 secondary science teachers attending an NSF
iﬁ;titute in Georgia during the summer of 1962. They wished to
determine the science teacher's personal needs and motives for
science teaching. Bledsoe and Morris'concluded that science teachers
who taught at higher levels exhibited a greater need for achieveﬁent
(the need to be successful) than did those teachers who_taught science

at the lower grade levels.
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Moore (1978) studied a wide range of needs of 185 secondary
science teachers in Harris County, Texas. He attempted to find the
needs that limited the effectiveness of science teachers. .He found
six priority areas of need: developing basic science skills,
motivating students, obtaining and utilizing science materials, guiding
students to set realistic goals, training in science methodology and
providing meaningful science experiences. Further research by Moore
and Blankenship (1978) involved a sample of 283 public school science
teachers from twenty-one school districts in Harris County, Texas.
They revealed a common priority need for assistance in developing
scientific reasoning skills and for science teaching methodology.

Similarities between elementary, intermediate, and secondary
teacher perceived needs for inservice programs were investigated by
David Stronck (1974). He studied the respoﬁses of 134 science
teachers, grouped by level, to a questionnaire describing fhe needs
for summer institute teachers in Washington State. Elementary school,
junior high school, and high school teachers desired a sequence of
scientific processes and concepts from kindergarten to grade twelve.
Teachers demonstrated a need to learn of recent advances in scientié&c
knowledge, developing effective means for evaluating the quality of
instruction and to teach science more humanistically. Stronck con-
cluded that his investigation validated the work of Garner (1972) who
believed that science teachers required inservice programs which
stressed the relevancy of science topics to students' everyday lives.

The inservice needs of secondary science teachers in Montana were

determined during the 1976-77 academic year by using a Montana Council
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of Teachers of Mathematics (MCIM) survey. The 162 respondents rated
the five following areas with strong conce?n: motivation - 64%,
program-curriculum - 42%, content/earth science - 48%, biology - 42%,
and individualized instruction - 41%. Other content areas were:
interdisciplinary science - 41%, physics - 41%, and chemistry - 40%.
The teachers indicated a desire to balance the cognitive and the
affective domains.

A second survey of science teachers, from central Montana who
participated in an NSF sponsored Science Information grant, (1978-79)
indicated a desire to fill content gaps in their respective science
content backgrounds. They desired an institute designed specifically
to help build their cognitive areas in science. The teachers perceived
the gaps difficult to fill because of the nature of graduate level
science coursework. The typical Montana science teacher who teaches
only one section of physics or chemistry a day does not have the
prerequisites to enter graduate level courses in physics or chemistry.
Fifty-three percent of the respondents to the MCTM survey reported a
willingness to take part in some form of course work. The greatest
percentage (56%) indicated a desire for a summer institute at a
university.

The results of the two Montana surveysvshare much with the
findings.of Stronck and Garner. Participants in a summer science
institute described by Stronck and Garner demonstréted a strong common
need for advanced training in the areas of 1) secondary student

motivation, 2) content background, 3) interdisciplinary science, and
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4) to provide meaningful science experiences for students in a

humanistic manner.

Past Curricular Trends in Science Education

Over the past twenty years, curriculum development has centered
on the processes and products of science. The 1960's were the
developmental years and the 1970's were implementation years of new
curricula.

Discipline oriented programs of the 1960's were dependent upon
teachers who were well versed in their respective disciplines.
Students enrolled in science education programs were departmentalized,
specialized and supposedly.better equipped to meet the challenge of
their chosen career. However, Ost (1973) noted that these students
failed to have an adequate balance between the cégnitive and affective
domains of science.

Dissatisfaction with science and science education was present in
both American and European countries during the sixties. C.P. Snow
(1966) noted this dissatisfaction with science and science education.
The public in general was dissatisfied with science as they perceivéé
it. As late as the early seventies Bybee & Wel;h (1972) and Gallagher
(1972) wrote about the American dissatisfaction with science and
science education. Why the concern over science/science education?
One reason appears to stem from the "person" being left out of the
educative process (Hurd, 1970; Bybee & Welch,'1972).

Changes in science education during the 1970's point towards a

more humanistic approach to science (Rutherford, 1972; Ost, 1973,




18

Abruscato, 1972; Bybee & Welch, 1972). Rutherford asserts that in
order for a science course to be humanistic it .must contain three
elements. They are: 1) the content of tﬂe course must ‘make substan-
tial connections with the humanities; 2) it must focus on the human
factor in science; and 3) the course itself must be humanely taught.

Early in the 1970's investigations into the cognitive and
affective domains of learning began to appear in the professional
literature. Herman Kahn (1973), a voéational authority on trends of
society; made reference to Maslow's (1970) value system in an article

in U.S. News and World Report. He reported that America would see a

shift towards self-actualization. Contemporary as well as professional
literature points to the psychological needs of students in today's
educational system (Bybee & Welch, 1972; Ost, 1973). The éurrent
interest in the affective domain of leérning is part of a broader

movement called humanistic psychology.

Humanism in Science Education

One of the basic underpinnings of science is a system of values
(Bronowski, 1968; Abruscato, 1972). Administrators and teachers mué£
somehow reflect this system of values. Science education should seek
to clarify the role of human values-and develop student self~concept
(Combs, 1981). Through science, one may seek reality, not only
physical and natural, but social and psychological as well. Abruscato

(1976) believed that humanism stresses the need of the individual to

attain freedom, truth, communication, order, originality and skepticism.
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One of the basic ideals of the humanistic philosophy is the
notion of the "whole man" (Toffler, 1974). Heintschel (1978) believed
that the "whole man" concept is central to the humanistic movemen£ in
education today. This concept developéd as a reaction toward the
Freudian and Behaviorist psychologies which éxcluded gréwth, health,
potential and self-actualization of the individual (Bybee & Welch;
Ost). Bugenthal (1964) believed humanistic psychology to be a third
branch of the general field of psychology,‘hence the term "Third Force.".

Maslow (1971) suggested what self-actuallzation orientation means
to education. '"Science can be a path to the greagest fulfillment and
self-actualization of man." Maslow suggested that science could be
thg vehicle for the deéelopment of self-concept in students, which is
essential for self-actualization (Ost). Maslow (1970) explained that
it is a basic human tendency to strive towards ;elf-actualization, or
the fulfillment of one's higher needs. Rogers (1961) térmed this
self-actualized persoﬁ "the fully functioning individual.'" The fully
functioning person is the ultimate, perhaps unachieveable goal of the
Third Force Movement.

As a science teacher, the fully functioning individual,would hé%e
Maslow's basic.needé fulfilled. He/she would be able to focus on
changes in the environment, evaluatevthose changes, and make the
proper adjustments to facilitate needed chanées.' Ost believed that
the science teacher must also be "self-corrective." He/she must be
involved with self-evaluation and identify weakness, both in the

cognitive and affective domains in order to make the necessary changes

to strengthen the program.
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Bybee and Welch expanded upon Rutherford's criteria for humanistic
education. They stated that teaching science hﬁmanistically means
examining the teachers' own beliefs and values, creating conditions to
maximize student potential, dealing with values and attitudes as well
as cognitive activities, promoting self-concept as well as concepts of
science, giving personal meaning to science, and emphasizing the ends'
of science as well as the means. An holistic view of students,
considering student self*concebt, is needed by administrators and
teachers (Bybee & Welch, 1972 ; Rutherford, 1972).

Science education continually develops and has undergone a
sequence of changes. The first stage of development was the emphasis
on the product. The second stage of development was the process
oriented phase. It focused on how one went about learning science.
This was the National Science Curriculum movement. We have passed
through the third stage where the human element was included to the
process and content stage. Research has shown that learning is an
extremely personal and affective process as well as a cognitive
experience (Combs, 1981). Humanistic science education is both process
and content and how it relates to the individual and society. We afé
now in the fourth stage of development, the reform stage.

Apparently, we have not done very well at humanizing science
education if one is to believe the results of the third assessment in

science by the National Assessment of Educational Progress (NAEP) of

1978 and the follow up report in 1983. Sampling 2500 students, ages 13
and 17, the investigators reported that 50% of the thirteen year olds

believed their teacher did not take a personal interest in them. Over
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50% of ail students in 1978 and 1983 stated that their science class
made them unhappy. Finally, over 79% of all student in both surveys
reported th;t the things they learned had nothing to'do with the real
world. Paul Hurd (1985) has called on school administrators to accept
the challenge and help reform science education; to bring it into
harmony with contemporary science and society.

Student Perception of the Self-Actualizing Teacher
and Environment

A continuing concern of science education as in all areas of
education is that of identifiable personality characteristics that
relate to more effective teaching (Coble & Hounschell, 1972). Coble &
Hounschell stated that science educators generally believe there is a
relationship between teacher characteristics and how students learn.

Rothman (1969) suggested that science teacher personalities and
valﬁe systems are more strongly related to student éhanges in attitude
than are the extent of teacher preparation and years of teaching
experience. His conclusions were based on studies of thirty-five male
physics teachers from the United States. Students acquired more -
knowledge from well prepared science teachers with extensive background
in physics, but lost intefest in the subject.

As shéwn in a study that sampled 236 secondary science teachers
classes from the mid-west, Lawrenz (1975) determined that selécted
teacher characteristics were positively‘related to student achievement

and attitude. The teacher characteristics were experience, attitude

toward science, professional self-improvement and formality of the
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learning environment. The canonical correlation was +.61. Teacher
need for self-improvement also correlated moderately (+.43) with
student outcome. These results support the findings of Rothman,
Walberg, Welch and Druva and Anderson (1983) as well as additional
findings of Lawrénz. Maslow determineé that the most effective
teachers are those who are self-actualized (Dandes, 1966; Murray,
1972).

Dandes surveyed 128 teachers employed in two central school

systems in New York. As measured by Shostrom's Personal Orientation

Inventory (POI, 1964), a significant relationship was found to exist

between psychological health and the possession of attitudes and
values characteristic of effective teaching: Dandes found that the
possession of cognitive knowledge alone did not constitute an effective
feacher.

The POI was also utilized by ﬁurray (1972) and.Welling (1974) in
order to determine if students of self-actualized teachers perceived
their teachers as more concerned than non-self-actualized teachers.
Murray selected ten teachers from a random sample of 261 Pennsylvania
home economics teachers. Five teachers on each extreme end of the -
distribution were selected for further compariséns of students
perception. Murray concluded through statistical analysis that
students of self-actualized teachers perceived their teachers were
more concerned about students thgn did the students of non-self-
actualized teachers.

Wellings' research supports Murray's contention that students of

non-self-actualized teachers viewed their teachers as less concerned
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than did students of self-actualized teachers. He sought to determine
if elementary pupils perceived teachers differently who score high on
Shostrom's.ggl versus teachers who score low. Welling found a statis-
ticall& significant differencé in their perceptions. The Chi Square
Test of Independence results indicated to‘Welling that pupils were
"perceptually aware éf differences in concern demonstrated by non-self-
actualized and self-actualized teachers. Research previous to Welling
and Murray failed to show a relationship‘betweén teacher self-
actualization and student perceptionrof teacher concerns. The studies
by Welling, Dandes and Murray showed that self-actualizing teachers

created a learning environment wherein positive growth can occur.

Teacher Self-Actualization and Student Progress

If teacher personality is an important factor in student attitude
‘then one should investigate the possible relatiénships between teacher
self-actualization and its effect on student scientific attitude.
Furthermore, if positive scientific attitudes are promoted as being
healthy and needed by the science education community, then positive
attitudes should be a resulf or a by-product of NSF institutes. )
Research literature exploriﬁg the effects of institute participation
on self—actualized; normal and non-self-actualized participants and
resultant changes in student -attitude is virtually non-existent.
However, conflicting research does exXist on science teacher self-
actualization and student attitude toward science.

Coble (1971) sampled eighteen biology teachers and 424 students

in a large North Carolina city and found no significant difference
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between the different levels of self-actualization and differences in
student achievement. Heintschel (1978) found a significant difference
in student attitude toward chemistry for students of self-actualized
versus students of non~self-actualized and normal high school chemistry
teachers, as determined by the POX. Her study was based on a sample
of fourteen secondary science teachers and 327 science students in
Toledo, Ohio. Heintschel's findings also contradicted those of Quinn
(1974) as she found no significant difference in science attitudes for
students of self-actualized, normal and non-self-actgalized secondary
biology teachers.

Quinn, in contrast to Heintschel, found that students of low-
self-actualized high school biology teachers demonstrated less
favorable attitudes towards science éhan did thoée students of high
self~actualizing teachers. His research was based on a sample of
thirty secondary science teachers and 600 of their students in Boston,
Massachusetts. Druva & Anderson (1983), in a meta-analysis .of sixty-
five studies of science teacher characteristics (K-lzj, found teacher
self-actualization to be correlated (= +.46);to student achievement
outcomes. | i

Self-actualizing people have been described as those who are
freer to give of themselves to humanity (Coble & Hounschell, 1972).
However, Hull (1976) sampled fifty-six elementary teachers in central

Indiana, found that teachers, as determined by the POI, were not any

more self-actualized than other American adult groups;
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Student Attitude and Achievement

Lawrenz's résearch in 1976 focused specifically on science
teachers and student perceptions. Her investigations indicated-that
student perception of the classroom learning environmment was correlated
with student attitude towards science. Lawrénz (1976) hypothesized
that student attitude toward science could be predicted by student
perception of the classroom learhing en?ironment. Her sample consisted
of seéondary science teachers and students from fwelve mid-western
states. Two hundred and thirty-eight science teachers and their
classes constituted the fiﬁal sample. She concluded that student
perception of the learning environment was correlated wi;h student

attitude towards science. It accounted for thirty percent of the

total variance of mean scores on the Science Attitude Inventory (SAI)
(Moore & Sutman, 1970).

Lawrenz (1976) found that studentslperceived the physics. and
chemistry courses as more difficult and academicaliy challeﬁging than
the more diverse, biology course. Chemistry and physics students lost
interest in scien&e during the school year, whereas biology students.
tended to maintain their interest in science. Lawrenz suggested that
student interest could possibly be increased by less teacher reliance
on formulas and mathematics 'in the physicai sciences.

High School chemistry and physics students in Lawrenz's (1976)
study experienced less friction among themselves as evidenced by the
high degree of cooperation between students working together in groups,

rather than competing against one another and working alone.
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Conversely, Lawrenz found that high school biology students perceived
their classes as having a high degree of friction resulting from poor
cooperation among themselves. Lawrenz (1976) suggested that secondary
science teachers encourage cooperation among students by having them
work in groups, as one might find in chemistry or physics classes.
The implication for the school’administration and college science
methods instructor is to emphasize the importance of fostering
cooperative sub-group structures within the classroom.

Helgeson (1974) found at least sixtéen research papers that
reported subsequent gains in student achievement resulting froﬁ teacher
NSF institute participation. Willson and Garibaldi's (1976) research
supports Helgeson's findings. They sampled a total of 346 junior and
senior high school science teachers and their classes from Wyoﬁing,
South Dakota and Mississippi. They found that teacher a;tendance at
NSF institutes is associated with higher student achievement, compared
with no teacher institute attendanée. Students of teachers who have a
high attendance record performed better than students of teachers who
attended one or two institutes.

In 1980 Willson and Lawrenz reported that there was_sufficient”
literature to predict that if students gained in cognitive areas after
teaching institute attendance, then so would gains in the affective
domain be recorded. Lawrenz and Willson (1980) sought to clarify the
contradictory results of.previous studies. In order to ascertain
whether or not teacher attendance at NSF institutes affected student
attitude and the learning environment the authors systematically

sampled five Comprehensive Teacher Training Projects. A low positive
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) non-liﬁear correlation coefficient (R= +.25) was found between
secondary science teacher aétendance at NSF institutes and student
attitude as measured by the SAI.

Willson (1983) used the meta-analysis procedure to analyze forty-
three studies concerning science achievem;nt and science attitude of
elementary, junior high and high school students. The overall.
relationship between the two was a low r= +.16. Causal ordering
results supported achievement causing attitude in grades three through
eight. The authors expected large positive correlations, but found
that three-quarters of all coefficients encountered to be less than
r = <.3.

While teacher guality, student fatalism and sense of importance
of science and science achievement seem to be related to science

attitude, the correlation of these variables. is low (Haladyna, Olsen

& Shaughnessy, 1983).

Summary X

A review of literature was organized by the investigator into six
sub-topics éertinent to post baccalaureate training of science teacﬂérs.
Areas that were reviewed relative to the purposes of this'study were:

1) needs of science teachers, 2) post curricular trends in-science,
3) humanism is sciencé edﬁcation, 4) student perception of the self-

actualizing teacher, 5) teacher self-actualization and student progress

and 6) student attitude and achievement.
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CHAPTER 3
PROCEDURES

The préblem of this study was two-fold: 1) to -determine if
participation in an NSF, summer integrated science institute, changed
participant needs, skills and attitﬁdes and; 2) to determine if the
participants' students demonstrated a change in their scientific
attitude and self-concept towards science process skills.

This chapter is organized into seven sub-topics. They ére;
population description and sampling procedures, description of
variables within the design, methods of collecting data and test
instruments, statistical hypotheses, analysis of data, precautions

taken for accuracy and summary.

Population Description and Sampling Procedures

The population of this study consisted of 29 teachers of science
-‘who made application to an interdisciplinary, NSF science institute ;t
'MSU, Summer 1981. One teacher did not complete the summer institute;
A total of 28 participants completed the summer institute. The
participants of the 1981 MSU, NSF institute came from Montana, North
Dakota, South Dakota, Idaho, New York, and the United Kingdom.‘ The

participants in the module group and the control group of this study

were a sample of science teachers from the State of Montana.
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O0f the total NSF participant group, nine feachers and their
students from four different geographic sections of the State of
Montana were included in the module group. The module group of
teachers were from eight different public school districts in Montana.
Five teachers who were not involved in the NSF program and a portion
of their secondary students served as the control group for this
study. This group came from the same geographic area as the module
group. The participating districts are displayed in Appendix B.

Teacher developed science modules were presented to the secondary
students after pretesting and interim testing. One class of students
for each one of the fourteen teachers served as either control or
treatment in the design and were given the SCSS and SAI testing.
Pretesting occurred prior to January 20, 1982, before the teachers
worked with the students on the science modules. A total of 260
students were pretested with the SAI and 269 students were pretested
with the SCSS. A total of 173 students were posttested with the SAT
and a total of 181 studenfs were posttested with the SCSS. With the
exception of the MAP, posttesting took place after completion of the
science units on or before May 15, 1982. MAP posttesting for the i
institute group took place during the months of August, September and

October, 1983.

Description of Variables Within the Design

The independent teacher variables within this design were:
1) institute participant identification, 2) participant institute

attendance, which may be categorized into three levels; no previous




L

LY

30

attendance, one or two institutes, and three or more institutes
attended, 3) the specific science discipline taught, 4) gender,
5) years of science teaching experience, .6) school level (ELE, JHS, &
HS.), 7) highest degree earned and 8) total years taught. The
independent student variables within this design were: 1) science
course currently enrolled in, 2) grade level, 3) gender.

The dependent teacher variables were: 1) need for improvemeﬁt of
classroom instruction and planning 2) need for self-improvement
3) need for a better understanding of students and 4) self-
actualization. The dependent student variables were: 1) self-conéept
towards science process skills-2) scientific intellectual attitudes

and 3) scientific emotional attitudes.

Methods of Collecting Data and Test Instruments

All twenty-eight participants of the MSU science institute were
pretested with the MAP and the POI on June 22, 1981. An interim
testing was administere& prior to January 20, 1982, to the module and
institute participants and at the Same time MAP and POI pretests were
given to the control group of five control teachers.. A posttest usiﬁg
the same instruments was given to the participants in the study. One |
module and control teacher missed the posttesting. All posttesting
occurred prior to May 15, 1982, with the excep£ion of the MAP
posttesting of twelve non-module participants (institute group) which
took place during August, September and October, 1983. Seven of the
original nineteen teachers in the institute gfoup Qere unavailable for

MAP posttesting. One class of students for each one of the nine
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_ Participants and five control groups of the students were pre and

posttested with the SCSS and the SAI. This testing coincided with the
interim testing period and posttest period. The description of the

institute design is displayed in Table 1.

Table 1. Summer Institute Research Design

X1,Z1. . . . . . . . . .. . June 22, 1981 .
Al NSF INSTITUTE
e e e . . L. .. July 17, 1981

Modules Assessed and
Returned to NSF Participants
by December 1, 1982

. December 1, 1981 . C e e e e e e
X2,Z2,Y1. . . . . . . . . . January 20, 1982 .
A2 Teachers Work With
Students on Modules
X3,¥3 . . . . . . . . ... . May 15, 1982
Z3 . . . . . . . . . .. . Aug.-Oct., 1983
X1 = Module group pretested POI & MAP ‘
Z1 = Institute group pretested POI & MAP
Al = NSF Summer Institute
X2 = Module group, interim test POI & MAP & student pretest SCSS &
SAT
Z2 = Institute group, interim test POI & MAP
Y1l = Control group, pretest POI & MAP & student pretest SCSS & SAIL
A2 = Modules presented in module group classes
X3 = Module group posttest POI/MAP & student posttest SCSS & SAI
¥3 = Control group posttest POI & MAP & student posttest SCSS & SAT
Z3 = Institute group, posttest MAP

This investigator collected data from questionnaires given to the

NSF participants attending the summer 1981 institute at MSU. Data was
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also collected from the NSF participants/students during the 1981-82
and 1982-83 school year. Permission to use the MAP, SAT and the SCSS
was obtained from the authors and letters.of authorization appear in

Appendices C, D and E. The POI was purchased from the publisher,

Educational and Industrial Testing Services, San Diego, CA. Additional
anecdotal information was collected from the Montana secondary science
students concerning their attitudes towards the new interdisciplinary

science modules. This information is found in Appendices F and G.

Moore Assessment Profile (MAP)

The MAP consists of 117 previously validated science teacher need
statements. Responses to statements form a continuum of one to four
in which the participanf answered 'no need," "little need,'" "moderate
need,”" and "much need." The questionnaire is subdivided in six
subscales: 1) needs related to the development of a better
understanding of students, 2) needs related to better diagnosis and
evaluation practices, 3) needs related to the development of better
classroom management practices, 4) needs relatéd to the improvement of
classroom instruction and planning [methodology], 5) needs related to
more effective use of instructional ma?erials and.6) needs related to
the self-improvement of the science instructor.

Reliability and validity was established by a stratified sample
of ‘140 science teachérs from Harris Coﬁnty,‘Texas. Reliabilify was .98
and based on Hoyt's analysis of variance method (Stanley, 1971, PP.
398-400, Moore, 1977). The level of validity was established through

the use of factor analysis (Kerlinger, 1973, chapter. 37). Thirteen
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factors were identified and accounted for 73.3% of the total variance.
In order to determine the high priority needs, each of the responses
was weighted, one, two, three and four. Factors that received a

score of three or above were considered high priority factor needs.

Personal Orientation Inventory (POI)

The POI is an instrument that assesses values, attitudes and
behavior relevant to Maslow's concept of the self-actualizing person.
The instrument determines one's time conéept (TC) and inner support
(I). Time concept is defined as 1iviné in the present, not past or
future. Inner support occurs when a person reacts to'externél stimuli
based on his/her own values and princifles (Bloxom, 1972). The total
score of the TC and I scales was utilized as the finai POI participant
score.

Bloxom reported the validity of the POI to be appropriate, but
did not provide specifics. Shostrom (19745 reported that the
inventory scales, TC and I, significantly discriminated bet&een
cliniéally self-actualized and non-self-actualized groups at the
p=<.01 level. The reliability coefficients of .91 and .93 were -

established by the test~-retest method .

Science Attitude Inventory (SAI)

The SAI was‘developed by Moore, R.W. and Sutman, F.X. (1970) to
measure the scientific attitudes of secondary science students. It
has also been utilized by Willson and Lawreﬁz '(1980) to measure student
attitude towards science. Scientific intellectual and emotional

attitudes are equally represented in this assessment tool. The
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instrument was field tested in order to establish construct validity.
It was found to be valid when tested at the .05 level of significance.
The test-retest method established a reliability coefficient at +0.934.

Mumby (1983) questioned the SAI's validity as well as most other
instruments designed to assess attitude towards science. Researchers
can spend a great deal of time developing their own instruments or
decline to investigate aﬁtitudes toward science (Baker, 1985). Baker
'(1985) believed that neither approach appearea realiétic. Researchers
have contiﬁued to use this most popular science attitude inst?ument
even though its conceptual validity has been questioned (Lawrenz &

Cohen, 1985; Lawrenz & Welch, 1983).

Self-Concept in Science Scale (SCSS)

The SCSS is a sixty-three item inventory designed to measure the
self concept of students in science. The inventory scale is
constructed around two dimensions, classroom learning operations and
self-concept. Validity was confirmed by correlating the SCSS with the
two instruments that measure self-concept of academic academic ability.
A validity coefficient of +.52 was obtained between the SCS8S and the -
Seif-Concept of Ability, Form A: General (a measure of "general" self-
concept of academic ability) and +.55 with the Science portion of fhe
Self-Concept of Ability, Form B: School Subjects.

Reliability was tested by the test-retest method. The sample of
randomly selected ﬁigh school biology students was 142. A Kuder-

Richardson 20 reliability coefficient of +0.82 was established.
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Statistical Hypotheses

There is no difference in participant need relative to
classroom instruction and planning when compared before

and after participation in the NSF summer institute.

There is no difference in participant attitude toward
self-improvement in science when compared before and

after participation in the NSF summer institute.

There is no difference in participant need for a better
understanding of students when compared before and

after the NSF summer institute.

There is no difference in sécondary student self-concept
in science process skills when compared before and

after participation in integrated science modules.

There is no difference in secondary student intellectual
scientific attitudes when compared before and after

participation with integrated science modules. -

There is no difference in secondary student emotional
scientific attitudes when compared before and after

participation with integrated science modules.

There are no distinct variables (institute attendance,
discipline taught, gender, science teaching experience,

school level, highest degree earned, needs related té
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the improvement of classroom instruction and planning,
needs related to self-improvement, needs related to a
better understanding of students, level of self-
actualization and total years taught) which can be used
to distinguish between teacher participant groups

(module group, control group and institute group).

There are no distégét variables (science coursé enrolled
in, grade level, gender, intellectual scientific
attitude, teacher self-actualization, emotional
scientific attitude and self-concept in science process
skills) which can be usea té distinguish between student

module and control groups.

There is no relationship between participants' level of
self-actualization and student intellectual and

emotional scientific attitude.

There is no relationship between secondary student
self-concept in science process skills and teacher .

level of self-actualization.

Analysis of Data

This investigator utilized the SPSSx Information Analysis System

for statistical analysis of data. SPSSx is a trademark of SPSS Inc.,

444 North Michigan Avenue, Chicago, Illinois. The system is supported

fully by user manuals that may also be used as- instructional texts.
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SPSSx is ‘designed to run on a wide variety of computing systems. The
MSﬁ Honeywell DPSC3, Level 66 main frame computer witﬂ the CP6
operating system was used to process data.

Procedures for Festing the stated null hypotheses included the
Student's t Test, Linear Discriminant Analysis, the Pearson Product
Mément Coefficient and Linear Multiple Regression. The data were
treated as parametric, interval data. Reséarchers have treated similar
data measured by the above parametric test (Student's t) as parametric
(Lawrenz and Cohen, 1985; Lucas and Dooley, 1982 and Moore, 1970). The
SAI was normed with a Correlated t Test (Moore (1970) and recently
investigators (Lucas and Dooley, 1982) utilized the Grouped t Test
statistic of Campbell and Stanley (1966).

Data obtained from the questionnaires were organized and arranged

in the following manner:’

1. Observed frequencies and percentages are displayed in the
tables.
2. Changes in pre and post attitudes of NSF institute.partici~-

pants and their secondary students were tested for significance with
the Student's't Test. Lawrenz and Cohen (1985) used the t test ’
statistic in similar research. Student's t Test was used for
hypotheses one through six.

3. The p=<.05 level of confidence was chosen to determine the
statistical level of significance. This means that the probability of
committing a type I error was p=<.05. A type oﬁe error is committed

when one rejects a true null hypothesis. A type II error is committed

if.one chooses to retain the false null hypothesis. This level of
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significance thus indicates that the researcher can be 95% confident
that the data reflect a true null.

4, Hypotheses one through three were tested by comparing the
pre/post test fesponses of the institute participants on appropriate
subscales of the MAP. Hypothesis four 'was tested by comparing
pre/post test responses of-secondary science students on questions
1-24 from the Science Process Scale of the §§§§: Hypothesis five was
tested by comparing pre/post test responses of secondary students on
qQuestions in subscale 1, 2 & 3 of the Intellectual Scientific Attitudes
scale of the SAI. Hypothesis six was tested by comparing pre/post
scores from combined subscales 4, 5, & 6 of the Emotional Scientific
Attitudés scale of the §él;

5. Discriminant Analysis was used in this study where the
researcher found statistical significance in hypotheses seven and
eight. Authority for its use is based upon the techniques and
procedural application in similar investigations (Baker, 1985 and
Lawrenz, 1975). Recent concern of researchers over univariate
approaches to attitude studies rather than multivariaté approaches
have given rise to the use of the procedure in attitude studies
(Haladyna, Olsen, and Shaughnessy, 1982 & Bakér, 1985). Use of
Discriminant Analysis "begins with a desire to statistically
distinguish between two or more groups of.cases" (Klecka, 1975). The
process enables the researcher to isolate variables that distinguish
between groups and enable one to predict group membership.
Discriminant analysis maximizes the accuracy of prediction of group

membership by finding composites of the predictor (discriminating)

N
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variables that indicate minimum overlap among groups. If there are
two or more groups and classification of cases is desired, then
Discriminant Analysis is appropriate (Thorndike, 1978 and Klecka,
1980).

6. Hypotheses nine and ten were tested using the Pearson Product
Moment Correlation Coefficient. Authority for its use is based on the
" statistic's application in similar studies that examine relationships
between self-concept and self-actualization of teachers and secondary
science students (Dandes, 1964; Murray, 1972; Shostrom, 1974 and
Welling, 1974). For the purposes of hypothesis testing, the module/
control teachers' total score on the POI (subscales TC and I) was
paired with their own secondary science student mean score on the SAI
and the SCSS. Multiple Linear Regression Analysis was also used to
test hypotheses nine and ten.” Multiple Regression allows the
researcher to summarize the relatioﬁships between a dependent variable
and a set of independent variables. A subset of independent variables
may be identified which are most useful for prediction of the dependent

variable.

Precautions Taken for Accuracy

In order to maintain accuracy, two individuals verified question-~
naire recordings. A computer and an electronic hénd held calculator
were used in order to guard against computation error.

Students marked their responses to both the SAI and the SCSS on
mark sense forms. These mark sense forms were‘machine scored at the

MSU University Computer Center for recording purposes. The raw data
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were entered on the Montana State University, Honeywell DPSC3,‘Level
66 computer.

Each of the 883 student mark sense forms was individually verified
by the iesearcher for accuracy. An asterisk indicated more than two
responses to an item. Missing or no response information was recorded
with a space. .The Fortran code sheets were keyed into the mainframe
Honeywell computer by University computer staff personnel. One hundred
percent of the scores were checked for errors against the original
data by the researcher. The POI was hand scored with the aid of a
hand scoring stencil provided by the Educational and Industrial Testing
Service. One hundred percent of the scores were rechecked by the
researcher. These scores were entered onto the Fortran scoring code
sheets and entered into the MSU mainframe computer along with the MAP
data. One hundred percent of the scores on the Fortran coding sheets
were also checked against the hard copy from the MSU mainframe computer

for errors.

Summary

Chapter three was organized into seven sub-topics pertinent to
the procedural design of the investigation. They were: 1) population
description and sampling procedures, 2) description of variables
within the design, 3) methods of collecting data and test instruments,
4) statistical hypotheses, 5) analysis of data, 6) precautions taken

for accuracy and 7) summary.
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CHAPTER 4
ANALYSIS OF DATA

The analyses of the data are presented in three major headings.

First, descriptive statistics on the Personal Orientation Inventory

(POI) (Showstrom, 1974), Moore Assessment Profile (MAP) (Moore, K.D.,

1977}, Science Attitude Inventory (SAI) (Moore, R. W. & Suttman, F.X.,

1970) and Self Concept in Science Scale (8C88) (Doran, R.L. & Sellers,

B., 1978); second, the results related to the hypotheses and third,
additional data are presented.

Two-tailed probability testing was used throughout the investiga-
tion. This investigator was not able to predict direction prior to
analysis. The 1e§el of significance was set at .05 throughout the
analysis. The following discussion is limited to the treatment of the
data and the findings related to the hypotheses.

During the Student's t Test analysis, if the two-tailed pfoba—
bility in the pooled variance estimate was greater than .05, the.
investigator utilized the SPSS-X pooled variance estimate in order to
determine significance. If the probability in the pooled wvariance
estimate was equal to or less than .05, the SPSS-X separate variance
estimate was used to determine significance.

Nine of the twenty-eight NSF institute participants agreed .to
become module participanfs for the purpéses of this study. TFive

secondary science teachers from different Montana school districts
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. also agreéd té participate as controls in the study. Teachers from
both groups were drawn from the four similar geographic-regions of the
state. The remaining nineteen participants were labéied as the
"institute group" meaning that they had participated in the NSF summer
science institute, but they méy not have completed the two, two-week

integrated science modules with their -students.

Descriptive Statistics

Descriptive statistics related to mean scores on the teacher POI,

Pre~Post means on the MAP, SCSS and SAI are displayed in table form.
Table 2 contains descriptive information relative to the comparison

of mean scores and range of scores for science teachers on the POI.

All twenty-eight NSF participants were tested with the POI.

Table 2. Comparison of Personal Orientation Inventory Scores for
Self-Actualizing, Normal and Non-Self-Actualizing
participants (Module Group, Institute Group, and Control

Group) .
SELF~ACTUALIZED " NORMAL NON-SELF-ACTUALIZED
n=6 n=23 n=4
Mean Range Mean Range Mean Range
117.5 115~123 99.74  87-109 78 70-83

Total Mean = 100.33

Of the thirty-three individuals involved in this study, six were

determined (by the measures of the POI) as being self~actualized,
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.-twenty-three were normal and four were determined to be non-self-
actualized. The total mean self-actualization‘sco£e for all groups
was 100.33. This investigator established the highest and lowest score
for the normal group at one sténdard deviation (12.03) from the mean.
The range for the normal group was found to be 87-112. Twenty-three
cases fell within the normal range, with no cases between 110-112.
As shown in Table 2, the highest score for the normal range was 109,
Actualization norms for different groups of professionals, as
measured by the POI, are presented in the POI test manual (Showstrom,
1974). The manualldoés not give norms for secondary science teachers,
but does give means for Peace Corps Volunteers and College juniors and
seniors. The total mean score for sixty-two Peace Corps Volunteers
was 103.60. The mean score for one-hundred fifty college juniors and
seniors was 95.70.
Table 3. Comparison of Personal Orientation Inventory (POI) Scores
for Self-Actualized, Normal, and Non-Self-Actualized, NSF
Participants (Institute and Module Group) and Control

* Group with Those of Clinically Assessed Self-Actualized,
Normal and Non-Self-Actualized Persons.

NSF PARTICIPANTS & CONTROL CLINICALLY ASSESSED

SA N NSA 'SA N NSA
n=6 n=23 n=4 n=29 n=158 n=34
Mean 117.5 99.74 78 111.8 104.9 91.6

The distribution of cases in this investigation is comparable to

the three actualization groups (clinically assessed) as described by
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) Showstrom in Table 3. The Showstrom sample was selected by a team of
clinical psychologists. As noted in Table 3, the normal group in the
Showstrom sample and in this investigation is about five times as
large as the non-éelf-actualiéed and self-actualized groups. Tablé 4
displays information relative to the number of teachers whﬁ were
classified as self-actualized, ﬁormal and non-self-actualized.

Table 4. Comparison of Levels of Self-Actualization for NSF

Participants, Control Group and Heintschel's (1978)
science teachers.

SELF-ACTUALIZED NORMAL NON-SELF-ACTUALIZED

MODULE GROUP n=1 n=7 " n=1

(Mean = 100.11)

INSTITUTE GROUP n= n=13 n=1

(Mean = 103.79)

CONTROL GROUP n=0 n=3 n=2

(Mean = 87.60) .

HEINTSCHEL'S n=4 n=6 n=6

TEACHERS
(Mean = 104.91)

. Of the total group of thirty-three secondary science teachers
involved in the study, six were identified as being self-actualized,
twenty three were classified as belonging to the normal group and four
were in the non-self-actualized group. Total means in this study and
Heintschel's (1978) study are comparable as observed in Table 2 and

4.,
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The self~selected NSF participants had higher mean self-
actualization scores than did the controls. There was not a statis-
tically significant difference between mean scores on the POI for the
¢
module group and the'participant group. However, there was a
significant difference between the module and control group, p<=.045

and participant and control groups, p<=.008.

Table 5 displays information relative to the Moore Assessment

Profile (MAP) (Moore, K. D.) teacher needs assessment. The subscales

are:

A

it

needs relative to the better understanding of students;

B

needs relative to the betterment of diagnosis and evaluation
practices;

C = needs relative to the development of better classroom
management practices;

D = needs relative to the improvement of classroom instruction
and planning;

E = needs relative to the more effective use of instructional
materials and

F = needs relative to the self-improvement of the classroom
science teacher.

Examination of the overall mean scores indicates no differences

Pretest to posttest were significant at the p=<.05 level.
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_ Table 5. MAP Subscale and Total Mean Scores (Mean of Means).

SUBSCALE A B C D E F TOTALS

MODULE GROUP

Pre 45 .63 24,00 26.88 94.13 51.13 82.38 54.02
n =328
Post 44.00 24.13 26.75 88.88 47.13  84.13 52.50

CONTROL GROUP

Pre 36.25 21.00 26.75 77.25 45.50 82.75 48.25
n==a
Post 38.25 21.50 26.50 78.25 47.25 83.25 49,17

INSTITUTE GROUP

Pre 46.17 25.70 28.17 87.00 44.92 82.38 52.40
n=12
Post 44 .83 25.33 29.08 92.50 50.25 84.00 ' 54:.33

The module group showed a statistically significant higher mean
score for both pretest and posttest for subscale A, than the control
group. The low number of cases and self-selection are distinct
factors which relate to the significance of the above information.

The SAI provides for total mean scores that are representative of
a positive or negative scientific attitude. The instrument is composed.
of six subscales of which three are composed of items relating to
emotional scientific attitudes and three are intellectual scientific
attitudes. A total score is derived for these two subscales.

Subscales 1, 2 and 3 are designated as the Intellectual Scientific
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subscales and subscales 4-6 are the Emotional Scientific subscales of

the SAI. The position statements labeled A are positive statements

with respect to science. The position statements labeled B are

negative statements with respect to science. The paired statements

are intended to be in opposition to one another. The subscales are

listed below:

SAI

SAT

SAI

SAT

SAT

SUBSCALE 1A

SUBSCALE 1B

SUBSCALE 2A
SUBSCALE 2B

SUBSCALE 3A

1

i

The laws and theories of science are approximations
of the truth and are subject to change = Positive

statement no. 1

The laws and theories of science represent
unchangeable truths discovered through science =

Negative statement no. 1

Observation and natural phenomena is the basis of

scientific explanation = Positive statement no. 2

The basis of scientific explanation is authority =

Negative statement no. 2

To operate in a scientific manner, one must display
such traits as intellectual honesty, dependence on
objective observatioﬁ of natural events, and
willingness to alter one's position on the basis

of sufficient evidence = Positive statement no. 3




NN SN - L. § I U] N W— 41 i

SAT SUBSCALE 3B =

SAT SUBSCALE 4A =

SAT SUBSCALE 4B =

SATI SUBSCALE 5A =

SAI SUBSCALE 5B =

SAI SUBSCALE 6A =

48
To operate in a scientific manner, one needs to
know what other scientists think; one needs to
know all the scientific truths and to be able to
take the side of other scientists = Negative

statement no. 3

Science is an idea generating activity... It's
value lies in its theoretical aspects = Positive

statement no. 4

Science is a technology developing activity... Its
value lies in its practical aspects = Negative

statement no. 4

Progress in science requires public support in
this age and therefore, the public should be made
aware of the nature of science and what it
attempts = Positive statement no. 5

Public understanding of science would contribute
nothing to the advancement of science or to huméh

welfare, the public has no need to understand it =

Negative statement no. 5

Being a scientist working on a job requiring
scientific knowledge and thinking would be very B

interesting life's work. I would like to do

scientific work = Positive statement no. 6
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SAI SUBSCALE 6B = Being a scientist or working on a job reéuiring-
scientific knowledge and thinking‘woﬁld_be dull
and uninteresting... I would not like to do this

kind of work = Negative statement no. 6

Lawrenz & Cohen (1985), Heintschel (1978) and Nagy (1978) have
determined that for scoring purposes, any total score over half the
maximum total SAI score is an overall positive .science attitude. For
the purposes of this study, responses were weighted +1 to +4. Thé
students were asked to respond t6~¢ach statement by (i) agreeing
strongly, (2) agreeing mildly, (3) disagreeing mildly or (4j dis—.
agreeing strongly. |

The scale constructed for this study rendered a total score of
+240. Any total score equal to or greater than +120 points was
considered a positive scientific attityde. Positive scieﬁtific
attitudes at the subscale level in thi; study were sét at +20 points.
In this investigation, all pre/post‘scéres fall above the level
required for a positive scientific attitude. Statistical differences
may not be educationally sound when they are well above the positive
attitude level and there is recent concern over science attituae
definition and the validity of the six subscales of the SAI (Mumby,
1983, Koballa, 1983 and Zeidler, 1984).

Table 6 provides comparative information concerning the mean

scores on the Science Attitude Inventory, SAI (Moore & Sutman, 1970).

All posttest subscales, except Subscale #4 of the Emotional

Scientific Attitude scale, in the module group showed significant
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_ Table 6. SAI Attitude Inventory Subscale With Total Mean Scores
) (Mean of Means).

SUBSCALE 1 2 3 4 5 6 TOTAL

MODULE GROUP

Pre 26.54 30.19 28.57 25.06 29.48 26.54 27.73

n = 155
Post 25.30 27.79 26.97 24.60 26.62 25.92 26.02
n =77

* = Sig. p=<.05

1

CONTROL GROUP ' B

Pre 24.47 31.41 29.75 24.72 31.40 29.05 28.47
n = 105

Post 27.67 30.96 30.26 24.60 30.55 28.32 28.73
n = 96

* = Sig. p=<.05

differences in a negative direction. The two pretest means for module
and control are éignificantly different for all but Subscale #4. That
subscale contrasts science as an idea genefating discipline ér
practical discipline.

The Self Concept in Science Scale, SCSS (Doran & Sellars, 1978)

was the second instrument that was completed by the module and control

teachers' students. The students responded to items 1-24, Self-Concept

S

in Science Process Skills. The items were scaled into eight subscales:
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. SC58 Subscale 1= Observing

SCSS Subscale 2= Comparing -

SCSS Subscale 3= Classifying

SCSS Subscale 4= Quantifying

SCSS Subscale 5= Measuring

SCSs Sﬁbscale 6= Experimenting

SCSS Subscale 7= Predicting

SCSS Subscale 8= Concluding

Items were scored +1 to +5 in value depending on whether the
questions were negative or positive. The students were asked to respond
with (1) Completely false, (2) Mostly ﬁalse; (3) Partly false/Partly
true, (4) Partly true and (5) Completely true. Each student selected
the statement he/she believed best described himself/herself. Three
negative statements were included in the science process subscales in
order to avoid acquiescence (Doran and Sellers, 1978). The data in
Table 7 displays Self-Concept in Science Subscales mean scores.

6ne difference in mean scores was significant for the module
group when comparing pre/post scores, subscale 3, classification,

Table 7. As with’the module group, only one scale within the control
group, posttest, was found to havg‘a significant difference, pretest to
posttest. The subscale was number 6, expétiméﬁting. There were no

significant changes in total mean scores for the SCSS.
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. Table 7. SCSS Subscale and Total Mean Scores (Mean of Means).

SUBSCALE 1 2 3 4 5 6 7 8

MODULE GROUP
Pre 10.52 10.57 8.96 10.65 11.12 10.23 9.70 8.20

n = 164 'TOTAL= 9.99

Post 10.12 10.26 7.90 10.34 10.58 10.02 9.79 8.11

n = 85 . ' TOTAL= 9.64

%k

H

Sig. p=<.05

CONTROL GROUP
Pre 10.99 10.63 8.72 10.35 11.36 '10.74 9.97 8.45

n = 105 TOTAL= 10.15

ot
-~

Post 10.54 10.48 9.02 10.58 10.80 10.05 10.39 8.40

n = 96 ‘ "~ _TOTAL= 10.03

* = Sig. p=<.05

Results Related to Hypotheses Testing

NULL HYPOTHESIS ONE: There is no difference in participant needs

relative to classroom instruction and planning when compared

before and after participation in the NSF summer institute.

This hypothesis was tested for significant changes in pre and
post attitudes of participants using the Student's t Test. Tables

8, 9 and 10 display results of the Student's t Test analyses.
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. Table 8. Student's t Test For Teacher MAP Subscale D, Need For
Improvement In Classroom Instruction And Planning.

Group 1 = Module Group
Group 2 = Institute Group
Group 3 = Control Group
GROUP 1

VARIABLE N '~ MEAN T DF PROBABILITY
PRETEST 94.1250

i 8 1.07 7 © .318
POSTTEST 88.8750

Table 9. Student's t Test For Teécher‘MAP‘Subscale b, Need For
Tmprovement In ‘Classroom Instruction And Planning.

Group 1 = Module Group
Group 2 = Institute Group
‘Group 3 = Control Group )
GROUP 2

VARTABLE N MEAN ] T DF 7 PROBABILITY
PRETEST 87.0000

12 -.90 11 .386
POSTTEST 92.500

Table 10. Student's t Test For Teacher MAP Subscale D, Need For
Improvement In Classroom Instruction And Planning.

Group 1 = Module, Group
Group 2 = Institute Group
Group 3 = Control Group
GROUP 3
VARIABLE - N MEAN : T DF PROBABILITY
PRETEST 77.250 - ’
4 -.82 3 . 474

POSTTEST 78.250
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Results given in Tables 8, 9 and 10 yielded no significant
difference, p=>.318, p=>.386 and p=>.474. This investigator chose
to accept the null hypothesis, HO 1. Therefore, there was no signifi-

cant change in pre/post needs of Module, NSF participant relative to

classroom instruction and planning.

NULL HYPOTHESIS TWO: There is no difference in participant

attitude towards self-improvement in science when compared before

and after participation in the NSF summer institute.

This hypothesis was tested for significant changes in pre and
post attitudes using the t Test statistic. Information concerning the
Student's t Test analysi; for hypothesis two is displayed below in
Tables 11, 12, and 13.

Table 11. Student's t Test for Teacher MAP Subscale F,. Need for
Self-Improvement.

Group 1 = Module Group
Group 2 = Institute Group
Group 3 = Control Group
GROUP 1
VARIABLE N MEAN T DF PROBABILITY
PRETEST 82.3750 .
8 .34 7 .747

POSTTEST 84.1250
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. Table 12. Student's t Test for Teacher MAP Subscale F, Need for
Self-Improvement.

Group 1 = Module Group
Group 2 = Institute Group
Group 3 = Control Group
GROUP 2

VARTABLE N MEAN T DF PROBABILITY
PRETEST 76.5833 '

12 -1.25 11 .236
POSTTEST 84.0000

Table 13. Student's t Test for Teacher MAP Subscale F, Need for
Self-Improvement.

Group 1 = Module Group
Group 2 = Institute Group

Group 3 = Control Group
A GROUP 3
VARTABLE N MEAN T DF PROBABILITY
PRETEST 82.7500
4 . -.58 3 .604
POSTTEST 83.2500

The t test analyses indicated no significant differences, p=>.747,
p=>.236 and p=>.604. As a result, this investigator accepted the null
hypothesis, HO2. Therefore, there was no significant difference in

pre/post NSF participant attitude towards self-improvement.

NULL HYPOTHESIS THREE: There ié no difference in participant

need for a better understanding of students when compared before
R )

and after the NSF summer institute.

As with the previous two hypotheses, this hypothesis was tested

for signifiéant changes in pre/post attitudes of the participants
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. utilizing the Student's t Test. Results of the Student's t Test

analysis are given in Tables 14, 15 and 16.

Table 14. Student's t Test for MAP Teacher Subscale A, Need For a
Better Understanding of.Students.

Group 1 = Module Group
Group 2 = Institute Group
Group 3 = Control Group

: GROUP 1
VARTABLE N MEAN T DF PROBABILITY
PRETEST 45,6250 |

8 .79 7 .458

POSTTEST . 44,0000 :

Table 15. Student's t Test for MAP Teacher Subscale A, Need For a
Better Understanding of Student

Group 1 = Module Group Group
2 = Institute Group Group
3 = Control Group -

GROUP 2
VARTABLE N MEAN T DF ~___PROBABILITY
PRETEST 46.1667 '
12 .45 11 .659
POSTTEST 44.8333

Table 16. Student's t Test for MAP Teacher Subscale A, Need For a
Better Understanding of | Students.

Group 1 = Module Group
Group 2 = Institute Group
Group 3 = Control Group
GROUP 3
VARTABLE N MEAN T DF PROBABILITY
PRETEST 36.2500
’ 4 T -1.41 3 »252

POSTTEST ' 38.2500
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Results from the analyses yielded no significant difference,
p=>.458, p=>.659 and p=>.252 for Subscale A. The investigator acceéted
the nﬁll hypothesis, HO3. Therefore, there was no significant differ-
ence in pre/post NSF participant need for a better understanding of

students.

NULL HYPOTHESIS FOUR: There is no difference in secondary student

self-concept in science process skills when compared before and

after participation in integrated science modules.

This hypothesis was tested for significance with the Student's t
test statistic by comparing the pre/post test responses of the module
secondary science students to the subséales, science process skills
7-14, of the SCSS. Table 17 displays results of fhe t‘test analysis.

Table 17. Student's t Tést for Pre/Post Student Self-Concept in
Science Process Skills Subscales of the SCSS.

Group 1 = Pre Test
Group 2 = Post Test
POOLED VARIANCE ESTIMATE

VARIABLE N . MEAN T DF PROBABILITY
SCSS TOTAL
SCORE
GROUP 1 164 -79.9451

158 247 .114
GROUP 2 85 77.1059

H

\ ¢

The findings, as displayed above, show no significant difference,
p=>.114, for the SCSS subscales 7-14. This investigator accepted the
null hypothesis, HO4. Therefore, there was no significant difference

in secondary student self-concept in science process skills when
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_ compared to before and after participation with integrated science

modules.

NULL HYPOTHESIS FIVE: There is no difference in secondary student

intellectual scientific attitude when compared to before and

after participation with integrated science modules.

This hypothesis was tested for significance with the Student's t
test by comparing pre/post responses of Module students to Intellectual
Scientific Atfitﬁde Subscales of the SAI. Table 18 displays results
of the t Test analysis;

Table 18. Student's t Test for Pre/Post Student Intellectual
Scientific Attitude (SAI). '

Group 1 = Pre Test, Module secondary science students
Group -2 = Post Test, Module secondary science students

' SEPARATE VARTANCE ESTIMATE
VARIABLE N MEAN T DF PROBABILITY
SAI
SCORE
GROUP 1 1@5 85.2968 ®

3.45 123.70 . .001

GROUP 2 77 80.0519

* = 8ig. at p=<.05

The findings, as shown in Table 18, showed a siénific;nt
difference, p=<.001, fof the separate variance estimate. This investi-
gator rejected the null'hypothesis. Therefpre, there was a significant
differeﬁce in éecondary student intellectual scientific attitude when

compared to before and after participation with integrated science
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. modules. As shown.in Table 18, there was a drop in mean scores on
the Intellectual Scientific Attitude Subscale for the module gfoup.,
A drop in the mean score indicated that students had a significant
change in intellectual sciéntific attitude, however the overall

students' intellectual scientific attitude remained positive.

NULL HYPOTHESIS SIX: There is no differencelin secondary student

emotional scientific attitude when compared before and after

participation with integrated science modules.

This hypothesis was tested with the Student's t Tés; by comparing
pre/post responses of Module students to the Emotional Scientific
Attitude Subscales.of the SAI. Table 19 displays results of the
t test analysis. |

Table 19. Student's t Test for Pre/Post Student Emotional
Scientific Attitude (SAI).

1l

Group 1 Pre Test, Module secondary science students
Group 2 = Post Test, Module secondary science students

SEPARATE VARIANCE ESTIMATE

VARIABLE N MEAN T DF PROBABILITY

SCSS TOTAL

SCORE -

GROUP 1 155 81.0774 *
2.34 117.0 .021

GROUP 2 - 76 77.2105

* = Big. at p=<.05

Results of the t Test analysis as displayed in Table 19, show
a significant difference, p=<.021, as found in the separate variance

estimate. Therefofe, this investigator rejected the null hypothesis,
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. HO6. There was a significant difference in secondary student emotional
scientific attitude, when compared before_and after participation in
integrated science modules. There was a drop in mean scores on the
Emotional Sciéntific Attitude Subscale of the SAI for the module

group. As noted earlier in the intellectual subscale, this significant
change did not result in an overallfstudent hegative emotional scien-

tific attitude.

NULL HYPOTHESIS SEVEN: There are no distinct variables (institute

attendance, discipline taught, gender, science teaching experience,
school level, highest degree earned, needs related to the
impfovement of classroom instruction and planning, needs related
to a better understanding of students, level of self-actualization
and total years taught) which can be used to distinguish'between

teacher groups (module group, control group and institute group).

This hypothesis was tested using the Discriminant Analysis.
Table 20 displays the association between the discriminant scores of
the selected function and the module and control groups. Tables 20
and 27 include the MAP and the self-actualization score from the
POI.

" The Eigenvalue is‘an indicator of the relative importance of the
set of chosen variables within the function. The canonical correlatioﬁ
is a measure of the degfee of association between the function and the
groups. Wilk's lambda's importance lies in testing group variability.
A Lambda of one indicates no difference between group variability. The

Lambda score was used to test the null hypotheses, HO 7 and HO 8.
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. Table 20. Canonical Discriminant Function Chosen to Discriminate.
Between Groups, Pretest.

CANONICAL WILK'S
EIGENVALUE CORRELATION LAMBDA SIGNIFICANCE

1.03475 .7131196 . .334564 P<.008

The discriminant function in the pretest, including Subscale C,
D, E, F, Teaching Experience and'Self—actualization was statistically
significant, p=<.008 and provided extremely good separation between
groups as shown in Table 20.

Table 21. Canonical Discriminant Function Chosen to Discriminate
Between Groups, Posttest.

CANONICAL . WILK'S

EIGENVALUE : CORRELATION LAMBDA: SIGNIFICANCE
.69663 .6407767 .4721843 P<.020

Table 21 displays a high eigenvalue, howe;erﬁnot as high an
eigenvalue as the prgtest.- %he function chosen to discriminate befween
groups was statisticall& significant at p=<.020 and its canonical
correlation was high. The Lambda was low enough to provide very good
separation between groups.

Tables 22 and 23 provide information concerning the two

functions chosen to discriminate between groups for the pretest and

the posttest.
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. Table 22. Standardized Canonical Discriminant Function Coefficients’,

Pretest.

FUNCTION
TEACHING EXP. .03369
SUBSCALE C ~-1.06186-
SUBSCALE D .94996
SUBSCALE E .93061
SUBSCALE F -1.05268
SELF-ACT .94806

Table 23. Standardized Canonical Discriminant Function Coefficients,

Posttest.

) . FUNCTION
SCIENCE TEACH. EXP. 45467
TEACHING EXP. .42023
SELF-ACT 94474

7

y

The canonical function information of Table 22 indicates 75.319%

of the grouped cases in the pretest were correctly identified. Using .

the canonical function in Table 23, the analysis correctly identified
63.64% of the grouped cases; posttest. The pretest function was
significant as was the pos£test function at the p=<.05 level.

Tables 24 and 25 provide comparative information concerning the

classification of cases into groups.
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. Table 24. Predictioq Results Utilizing Three Groups, Pretest.

Group 1 = Module Group
Group 2 = Control Group

Group 3 Institute Group
' "Predicted Group Membership
Number of '
Actual Group. Cases Group 1 ‘Group 2 Group 3
. 6 . 1 1
Module Group 08 75.5% 12.59 12.5%
‘ : 0 5
Control Group 05 00.0% 100.09 00.0%
4 2 _ 13
Institute Group 19 21.1% 10.5% 68.49%

Percentage of grouped cases‘correctlﬁ classified: 75.09%
p=< .008 . n =32

'Table 24 displéys the actual vs. predicted cases into group
one, two and group three. One-hundred percent of the control group
(2) was successfully predicted using the functién in Table 22.
Seventy-five percent of the module group waélcorrectly predicted using
the same function. Sixty-eight and four-tenths percent of the
. institute group was correctly predicted with function one. The analysis

correctly predicted 75 % of the total number of cases into the three

groups utilizing the chosen function as shown in Table 24.




- LS = TP 2 N I Y 5 O I )

64

. Table 25. Prediction Results Utilizing Three Groups, Posttest.

Group 1 Module Group
Group 2 = Control Group
Group 3 = Institute Group

Predicted Group Membership
Number of

Actual Group " Cases Group 1 Group 2 Group 3
6 1 2
Module Group 09 66.7% 11.1% 22.2%
1 4 0
Control Group 05 20.0% 80.0% 00.0%
3 5 11
Institute Group 19 ' 15.8% 26.3% 57.9%

Percentage of grouped cases correctly classified: 63.649%
. p=<.020 n =33

For purposes of comparison only, Tables 26 and 27 yield

prediction results utilizing two groups only, module and control.

[

Table 26. Prediction Results Utilizing Two Groupé, Pretest.

Il

Group 1 Module Group
Group 2 = Control Group

Predicted Group Membership

Number of
Actual Group Cases Group 1 Group 2
7 1
‘Module Group 8 87.5% 12.5%
0 5
Control Group 5 0% 100.0%

Percentage of grouped cases correctly classified: 92.31%
p=<.038
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. Table 27. Prediction Results Utilizing Two Groups, Posttest.

Group 1 = Module Group
Group 2 = Control Group
Predicted Group Membership
. Number of
Actual Group Cases Group 1 Group 2
6 3
Module Group 9 66.7% 33.3%
0 4
Control Group 4 : 0% 100.0%

Percentage of grouped cases correctly classified: 76.929%
‘ p=<.066

Fewer cases in the analysis may have'caused Fhe posttest not to
be significant, but péediction percentageg were higher with the exclu-
sion of the institute group.

Both the pretest and posttest utilizing all three groups were - -
significant as shown in Tables 20 and 21. Based on the pretest and
posttest of the functions chosen to discriminate between groups,
this investigator rejected the null, HO %. There are no distinct
variaéles (institute attendénce, discipline taught, gender, sciénce
teaching experience, school level, highest degree earned, needs related
to the improvement of classroom instruction and planning, needs related .

to a betﬁer understanding of students, level of self-actualization and

total years taught) which can be used to distinguish between teacher

participant groups (module group, control group and institute group).

NULL HYPOTHESIS EIGHT: There are ﬁo distinct variables (science

.

course enrolled in, grade level, gender, teacher self-

actualization, intellectual scientific attitude, emotional
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scientific attitude and self-concept in science process skills)
which can be used to distinguish between student module and

control groups.

This hypothesis was tested for significance with the Discriminant
Analysis technique. Tables 28 and 39 diéplay information from the
analyses. Table 28 provide information concerning the association
bétween the discriminant scores of the selected function and the
module/control groups. Tables 28 and 33 include the SAI subscales,
1-6, as variables, but not the SCSS subscales, 7-14, which are
included in Tables 34 and 39. All tests included the teachers'
self-actualization score from the POI,

Table 28. Canonical Discriminant Functions Chosen to Discriminate
Between Groups, Pretest.

CANONICAL WILK'S
EIGENVALUE CORRELATION LAMBDA SIGNIFICANCE
. 72565 6484672 .5794902 P<,0001

The discriminant function in the pretest, including grade, sex,
subscale 6 and self-~actualization was statistically significant,
p=<.0001 and provided good separation betwéen groups, as shown in

Table 28.
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. Table 29. Canonical Discriminant Function Chosen to Discriminate

Between Groups, Posttest.

CANONICAL WILK'S
EIGENVALUE CORRELATION LAMBDA SIGNIFICANGE

. 72357 .6479264 .5801914 P<.0001

The function chosen to discrimiﬁate between groups for the post-
test, as displayed in Table 29, also was statistically significant, -
p=<.0001 and provided good separation Between groups.

Tables 30 and 31 show each variable in the pretest and post-
test and it's relati%e contributiop to the function.

Table 30. Standardized Canonical Discriminant Function
Coefficients, Pretest.

FUNCTION
GRADE -.30381
SEX .16377
SAT SUBSCALE 6 -.11893
SELF-ACT , . 90606

Table 31. Standardized Canonical Discriminant Function
Coefficients, Posttest.

FUNCTION
GRADE -.22062
SAI SUBSCALE 1 ~.40543
SAI SUBSCALE 5 -.30189
SAT SUBSCALE 6 .34562
SELF-ACT . .84979

7

Tables 32 and 33 display information concerning the classifi-

cation of cases into the two groups, module and control. Using the
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canonical function to discriminate between groups, the analysis cor-
rectly identified 92.1% of the cases of group one and 70.59% of the

cases of group two, pretest.

Table 32. Prediction Results from Table 28, Pretest

Group 1 = Module Students
Group 2 = Control Students R , )
Predicted Group Membership
Number of )

Actual Group Cases Group 1 Group 2
140 12

Module Students 152 92.1% 7.9%
31 74

Control Students 105 29.5% 70.5%

Percentage of groﬁped cases correctly classified: 83.279%

Table 32 also shows tﬁe overall.percentage of cases correctiy
classified for the pretest, 83.27%. A somewhat higher percentage for
the posttest was found, 85.47% as shown in Table 33. No change was
found in the predicted percentage of membership in group one, pretest
to posttest. Nearly ten percent more cases were correctly prédicted
to bel;ng to the control group, posttest, as shown in Table 33. An
overall gain of 2.29% of cases correctly identified was found'in the
posttesting and ;s shown in Table 33.

Table 33 displays information concerning the prediction results

from Table 29, Posttest.
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. Table 33. Prediction Results from Table 29, Posttest

Group 1 = Module Students

Group 2 Control Students
Predicted Group Membership
Number of ) .
Actual Group Cases Group 1 Group 2
70 6
Module Students 76 92.1% 7.9%
19 77
Control Students 96 19.8% ' 80.2%

Percentage of grouped cases correctly classified: 85.479

Result are given in Tables 34 - 39 concerning the disecriminant
analyses which included the SCS8 subscales and the POTI self-
actualizétion scores as ﬁredictors (excluding the SAI variables). The
eigenvalues of both.functions in the pretest and posttest are high,
-93104 and .83892, as shown in Tables 34 and 35. Both Lambdas were
statisfically significant, p=<.0001, in the pretest and posttest.

Table 34. Canonical Discriminant Functions Chosen to Discriminate
Between Groups, Pretest.

CANONICAL WILK'S

EIGENVALUE CORRELATION LAMBDA SIGNIFICANCE
.93104 .6943652 .5178569 P<.0001

The eigenvalue of both functions in the pretest and posttests
were high, .93104 and .83892, as shown in Tables 34 and 35. Both
Lambdas were statistically significant; ﬁ=<§0001, in both pretest and

posttest.
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) Table 35. Canonical Discriminant Functions Chosen to Discriminate
) Between Groups, Posttest.

CANONICAL WILK'S
EIGENVALUE CORRELATION LAMBDA 7 SIGNIFICANCE
.83892 .6754283 .5437966 P<.0001

Based on thg results of both discriminant analyses performed
utilizing the two separate canonical functions including the SCSS and
SAI subscales with the self-actualization scores, this investigator
rejected the null hypothesis, HO 8. Therefore, tﬁere are distinct
variables (science course enrolled in, grade ievel, gender, teacher
self-actualization, intellectual and emotional scientific attitudes
and self-concept in science process skills which can be used to dis-
tinguish between student module and control groups.

Table 36 and Table 37 yield information concerning the dis-

criminant functions and their standardized coefficients for the pretest

and posttest.

Table 36. Standardized Canonical Discriminant Function
Coefficients, Pretest.

FUNCTION
TYPCLASS .22358
GRADE -.68077
SEX .25955
SCSS SUBSCALE 1 -.24346
SCSS SUBSCALE 2 .18079
SCSS SUBSCALE 3 .39496
SCSS SUBSCALE 6 -.13718
SCSS SUBSCALE 8 -.13640

SELFACT .75483
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Grade and teacher self-actualization scores were the most
important variables relative to the pretest function. Gréde,and
teacher self—actualizétion were also fhe most important va;iablés in
the posttest funcﬁion: Howeﬁer, the directions were reversed.

Table 37. Standardized Canonical Discriminant Function
Coefficients, Posttest.

FUNCTION
TYPCLASS ~.33498
GRADE .85295
SCSS SUBSCALE 3 .39252
SCSS SUBSCALE 5 .17822
SCSS SUBSCALE 6 -.24822
SELFACT -.51746

Teacher self-actualization was found to be negatively associated
with grade. When the posttest pooled within groups correlation
matrices were examined, the investigator found a negative relationship
between teacher self-actualization and ggade, ;.23117. Pretest
matrices showed a slight negative relationship, ~-.09202 between teacher
self-actualization and grade. In other words,'as the grade level
increased, the teacher self-actualization score decreased.

Tables 38 and 39 include information concerning the predicted
membership of cases to groups by the functions as previously sthn in

Tables 36 and 37.
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. Table 38. Prediction Results from Table 34, Pretest.

Group 1 Module Students
Group 2 = Control Students

Number of

Predicted Group Membership

Actual Group Cases Group 1 Group 2
’ 143 10

Module Students 153 93.5% 6.5%
) 24 81

Control Students 105 22.99% ‘ 77.1%

Percentage of grouped cases correctly classified: 86.829%

Table 38 provides results from the pretest, including the

variables as shown in Table 36. Of the cases correctly identified,

93.5% were in group one module and 77.19% were correctly iden£ified as
belonging to group two; control.
for the modqle‘group‘in the posttest, as shown in Table 39. The

control prediction rate, pre/posttest, remained relatively stable as

shown in Tables 38 and 39.

Prediction rates dropped slightly

Table 39. Prediction Results from Table 35, Posttest

Group 1 = Module Students
Group 2 = Control Students

Number of

7 Predicted Group Membership

Actual Group Cases Group 1 Group 2
' 71 14

Module Students 85 83.5% : 16.5%
20 75

Control Students 95 21.1% 78.9%

Percentage of grouped cases correctly classified: 81.11%
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A 5.7% reduction in total cases correctly classified was noted
from pretest to posttest, as determined from examination of Tables

38 and 39.

NULL HYPOTHESIS NINE: There is no relationship between partici-

pants' level of self-actualization and student intellectual and

emotional scientific attitude.

This hypothesis was tested for significant differences between
relationships of secondary student scientific attitudes and self-
actualization of their teachers. Tables 40 .and 41 provide information
concerning the Pearson Producﬁ Moment Correlation Coefficient
Statistic Analysis (Pearson r). Tables 42 - 45 provide informa-
tion concerning Linéar Multiplé Regression analysis.

Table 40. Pearson r Statistics for Module and Control Groups' Level -

of Self-Actualization and Secondary Student Emotional and
Intellectual Scientific Attitude (SAI), Pretest.

VARTABLE S1 S2 53 A S5 S6
SA -.1034 - .0819 -.0839 .0556  -.1708  -.1363

P<= .048 .094 .089 .186 .003 .014

As shown in Table 40, a significant correlation for subscales 4,
5 and 6 for the pretest, p=<.048, p=<.003 and p=<.014. All were nega-
tive in direction and very low in correlation. SAI subscale 5 and 6
relate to student emotional scientific attitude and'subscale 1 relates

to intellectual scientific attitude.
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. Table 41. Pearson r Statistics for Module and Control Groups' Level
of Self-Actualization and Secondary Student Emotional and
Intellectual Scientific Attitude (SAI), Posttest.

VARTABLE S1 S2 S3 S4 S5 . S6
SA ~.1413 - .2762 -.2234 ~-.0101 -.2371 -.1836
P<= ,032 .000 .002 .448 -001 .008

As shown in Table 41, for the posttest, significant correlations
were found for all but one subscale of the SAI. All are negative in

direction and low in correlation.

Table 42. Multiple Regression Analysis for Module and Control
Participants' Self-Actulalization Level and Secondary
Student Emotional and Intellectual Scientific Attitudes,
Pretest.

DEPENDENT VAR.= TEACHER SELF-ACTUALIZATION LEVEL

VARIABLE B BETA T SIG. T
PRE SUB 6 -.11719 -.06803 -.927 .3546
PRE SUB 4 .18454 .04975 - .794 .4280
PRE SUB 2 ~.06213 -.01990 -.271 .7865
PRE SUB 3 .08611 .02929 .366 L7144

- PRE SUB 1 -.08931 -.02710 -.352 .7254
PRE SUB 5 -.35509 -.13484 -1.723 | .0862

As shown in Table 42, no significant relatiohships are found in
the subscales of the SAI to teacher self-actualization for the pretest

analysis. Table 43 displays summary regression anaiysis;'pretest.
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. Table 43. Summary Statistics Table for Multiple Regreséion,
Pretest.

VARIABLE MULTIPLE R R SQUARE SIGNIFICANT F

TEACHACT .19245 o .03704 o .1415

Summary regression analysis, as shown in Table 43 also show no
significant relationship between participant self-actualization scores
and student scientific attitude scores, pretest. Table 44 displays
regression anélysis information for posttesting.

Table 44. Multiple Regression Analysis for Module and Control

Groups' Self-Actualization Level and Secondary Student
Emotional and Intellectual Scientific Attitude, Posttest.

DEPENDENT VAR.= TEACHER SELF-ACTUALIZATION LEVEL )
VARTABLE " B BETA T SIG. T

PRE SUB 6 ~-.15800 -.09758 -1.010 .3140
PRE SUB 4 .26676 .07813 1.030 T .3046
PRE SUB 2 ~.58243 -.24583 -2.565 . .0112
PRE SUB 5 -.19878 -.10099 -.991 .3229
PRE SUB 1 .23698 .08278 .783 L4347
PRE SUB 3 -.04537 -.01978 -.179 .8583

Results from Table 44 show that one subscale {2) attained
significance, p=<.011, when the subscales were entered all. at once and
listed order of decreasing tolerance in the forced entry method.
However, as found in the table below, when all variables are treated
as a single block, they were significant, p=<.005. Table 45 displays

-

summary regression statistics, posttest.
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. Table 45. Summary Statistics Table for Multiple Regression,
Posttest. ’
VARTABLE MULTIPLE R - R SQUARE SIGNIFICANT F
TEACHACT .32472 .10544 " .0049

The posttest, summary statisticé Table 45, show a significant
relationship between teacher self;actualization levels and student SAI
scores. Both the Pearson r and the Multiple Regression statistics
demonstrated significant felationships of both tests at the posttest
level. However, the correlations are so low that caution is édvised
in even making directional predictions.

Baséd on the above findings, this investigator rejected the null
hypothesis, H09. There was a significant relationship between parti-
cipants' level of self-actualization and student intellectual and

emotional scientific attitudes.

NULL HYPOTHESIS TEN: There is no relationship between secondary
student self-concept in science process skills and teacher self-

actualization.

This hypothesis was tested using Mu;tiple,Regression analysis.
Tables 46 and 47 provide information concéfﬁing the Pearson Product.
Moment Correlation Coefficient analysis (Pearson r). Tables 48 - 51
provide information concerning Mulfiple Regression analysis for the

final hypothesis testing.
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. Table 46. Pearson r Statistics for Module and Control Participants
Level of Self-Actualization and Student Self~-Concept in
Science Process Skills, Subscales of the SCSS, Pretest.

S1 52 S3 S4 S5 S6 S7 58
.SA -.0838 -.0462 -.0601 .0557 -.1059 ~.1315 -.0756 -.0460
p= .085 .225 .163 .181 .041 .016 .108 .226

Only two subscales in the pre-test are significant; subscale 5,
p=<.041 and subscale 6, p=<.016. All other subscales were not
significant. Table 47 displa&s information concerning the Pearson r

L
analysis, posttest.

Table 47. Pearson r Statistics for Module and Control Groups'
Level of Self-Actualization ‘and Secondary Student
Self-Concept in Science Process Skills, Subscales of
the S5CSS, Posttest.

S1 S2 S3 5S4 .85 56 57 S8
SA -.0671 .0836 -.0620 .0490 .0338 .0283 -.0313 .0270

p= .185 .132 ©.204 .257 .326 .353 .338  .359

Results given in Table 47 for the postest statistics show no
significant correlations for any of the subscales of the SCSS and
teacher self-actualization level. Table 48 displays Multiple

Regression analysis for pretesting.
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. Table 48. Multiple Regression analysis for Module and Control
Groups"' Level of Self-Actualization and Secondary Student
Self-Concept in Science Process Skills, Pretest.

DEPENDENT VARIABLE= TEACHER SELF-ACTUALIZATION LEVEL

VARIABLE B . BETA T SIG. T
PRE SUB 8 .09071 .01647 .222 .8243
PRE SUB 4 .48319 .12334 1.848 .0657
PRE SUB 1 .03644 .00717 .084 .9327
PRE SUB 3 -.16150 -.03016 . ~-.418 .6765
~ PRE SUB 7 -.21362 -.05053 -.673 .5014
PRE SUB 5 -.53913 -.10618 ~1.246 .2139
PRE SUB 6 -.66544 -.14374 -1.608 .1091
PRE SUB 2 .46615 .09160 1.006 .3151

No significant correlations were found as shown in Table 48
using regression analysis for the pretgsting of both module and control
groups. These results compare with earlier findings of non-
significance for the majority of the eight subscales in the pretest

using the Pearson r. Table 49 displays pretest, summary regression

" analysis.

Table 49. Summary Statistics Table For Multiple Regression,
Pretest. : ) ’

VARIABLE MULTIPLE R R SQUARE SIGNIFICANT F

TEACHACT 19251 .03706 0.2699

As was the case for the majority of the individual subscales of
the SCSS, when treated as a single block, all combined scales are not
significant; p=<.2699, as shown in Table 49. The following table,

Table 50, displays posttesting regression analysis.
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. Table 50. Multiple Regression analysis for Module and Control
' Groups' Level of Self-Actualization and Secondary
Student Self-Concept in Science Process Skills, Posttest.

DEPENDENT VARIABLE= TEACHER SELF-~ACTUALIZATION LEVEL

VARIABLE B BETA ' T SIG. T
POST SUB 8 . 18489 .03470 .370 .7115
POST SUB 4 .18383 . 04556 .505 - L6141
POST SUB 3 -~.37794 -.07655 ~.895 .3722
POST SUB 7 -.24203 -.05526 -.565 .5725
POST SUB 5 .16455 .03319 .273 .7856
POST SUB 6 .22032 .05018 460 .6459
POST SUB 2 .85720 .16996 1.539 .1257
POST SUB 1

-1.00876 -.19524 -1.688 . .0933

Results given in Table 50 show all subscales of the SCSS are not
significant in the posttest. Table 51 displays posttest, summary
regression analysis.

Table 51. Summary Statistics Table for Multiple Regression,
Posttest.

VARIABLE MULTIPLE R R SQUARE. SIGNIFICANT F

TEACHACT .19874 L .03Q50 .5354

Results from the summary analysis for the posttest, show that
when treated as a block, all SCSS sgbscales are not significant. The
majority of the subscales were not significant in the pretest (71%).
All subscales were not significant in Multiple Regression posttesting,
(P=<.05). This investigator accepted the null hypotheéis, HO 10.
There was no relationship between secondary student self-concept in

science process skills and teacher self-actualization.
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Additional Data: Student Questionnaire

During the month of May, 1981, this investigator collected
posttesting data relevant to the ten hypotheses tested in this
investigation. Two additional questionnaires relative to their
science experiences were given the control and modulevgroups. These
data were collected on the day of the posttest. The control
questionnaire was somewhat different than the experimental
questionnaire, because the control student group had not worked with
the teacher developed, NSF interdisciplinary modulesp

The additional questionnaire was not validated nor was it tested
for reliability. The investigator wished to collect additional data
relevant to ;tudent‘attitude'toward the modules. Tables 52 an@ 53

display these data.
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Control School District Student Questionnaire For NSF

Interdisciplinary Science Modules; Five Classes, Five

Districts, Grades 7-12.

QUESTION

n =

35

Low

Less

High

More

1.

Would you like to use more 0
or less equipment in your

- science class?

If given the choice, would 5
you like to work more or

less in groups to solve

various science problems?

Did you do any assignments YES
this year where you were

graded on whether you mastered

a certain number of learner
objectives?

Prioritize what kind of

learning experiences you
prefer in science class.
. Outdoor Learning

an Te

. Teacher dominated lessons

What has been your most
memorable science experience
during the past seven years?
Why?
Lab Work (Dissection 10)
Science Fair
Outdoor Activities
Outdoor School

Coursework: genetics 1, human body 1 & animals

Individual Projects
Group Classroom Projects
Computers

11

NO

Interdisciplinary science (geo/math/bio/chem)
. Science Modules that you do on your own

25

20

16

SN oW

11

10

il e
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Findings Based on Additional Control Student Data

1. Twenty-five of cont;ol students (majority, 71%) indicated that
they woula like to use more lab equipment in their science classes.
2. When asked to prioritize the kinds of learning experiences they
would like to have, twenty-three control students (majority, 66%)
responded that they would like to have more outdoor 1earniné experi-
ences and second; they would enjoy interdisciplinary science work.
Students were told by the investigator that these could be inside labs
or out of door labs.
3. Twenty of the control students (majority, 57%) would like to work
in cooperative groups in order to solve various problems.
4, Sixteen control étudents believea that their assignments were
graded in the traditional manner, however eleven believed that there
were opportunities for mastery learning.
5. Outdoor activities and labwork (dissection) were the most
memorable science experiences of the students (21) during the past
seven years.

Table 53 displays additional data relative to a questionnaire
tﬁat was given to students of teachers who participated in the 1981

NSF summer institute at Montana State University.
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. Table 53. Module School District Student Questionnaire For NSF
Interdisciplinary Science Modules; Seven Classes,
Five Districts, Grades 7-12.

QUESTIONS . ANSWERS
n =59 LOW MEDITUM HIGH
] LESS SAME MORE
1. Did you find the directions 19 24 16

on the module(s) more or less
difficult to follow than teacher
directions?

2. Did you learn more, less or. 14 26 19
same from the module approach '
of instruction compared to
traditional instruction?

3. Did your teacher seem to 2 17 40
enjoy teaching the module?

4. Did students cooperate with 9 33 17
one another more, less or same
during the module?

5. Indicate your interest in 7 35 17
doing another module.

6. Was the module more or less - 22 22 i 15
difficult to complete than
regular classwork?

7. Was the instructor available 9 32 18
for help more often or less
often during the module when
compared to regular classroom
instruction?

8. Did you use more, less or 10 28 21
the same amount of equipment ' :
with the module as compared
to traditional imstruction
periods?

9. Was the reading require 18 27 14
for the module more or
less difficult than usual
classroom work?
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_ Table.53. ' (continued)

10.

11.

12.

13.

14,

Do you believe that your
teacher had little or much
difficulty in grading
students during the module?

If you had the responsible
for teaching the class for
a two or three day period,
would you choose the module
approach over any other
instructional method?

During the module, were you
graded on whether or not you
mastered a certain amount of
learner objectives?

]
During the module assignment,
was the class graded on the
traditional curve, with a
majority of C's, fewer B's and
D's and very few A's and F's?

What was your most memorable
science experience during the
past seven years? Why?
Lab Work

dissection
general lab

chemical lab

space lab

light lab
interdisciplinary labs
energy lab -

engines lab (gas)
engines lab (steam)
. electricity lab
Science fair

Outdoor activities
Outdoor school (California)
Coursework

Individual projects

Group projects

Computers

PeEG FhD A TR

.

23

YES 36

YES . 20

UNDECIDED

YES 21
UNDECIDED

£~
N

=t
QOO HSM,OHHEHNNDWWULIONU N

28

NO 23

NO 17

22

NO 17
16
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Findings Based on Additional Module Student Data

1. Nineteen students found the directions on the Interdisciplinary
Science Modules (ISM) to be less difficult than teacher directions.

. i
2. Nineteen of the students believed they learned more from the

modules compared to traditional instruction.

3. Forty students (majority, 68%) believed that their teachers

enjoyed teaching the ISM's.

4. Cooperation between students was seen as the same or more compared

to normal classroom activities.

5. Thirty-six students (majority, 61%) believed that they would
choose the ISM approach over any other instructional approach if given

the opportunity to teach the class.

6. Fifty-two students (majority, 88%) would choose to do another

ISM.

7. Thiry-seven students (majority, 63%) believed the ISM to be less

or as difficult as regular classwork.

8. Fifty students {majority, 85%) believed the instructor was
available as much if not more than usual during the ISM, when compared

to regular instruction.

9. Forty-nine students (majority, 83%) believed the ISM required the

same or more equipment when compared to traditional instruction periods.
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. 10. Forty-one students (majority, 70%) believed the ISM reading level
to be the same as regular assignments or less difficult than usual

assignments.

11. Students had mixed feelings with regard to. whether they were

evaluated on a mastery basis or on a standard curve.

12. Thirty-six students (majority, 619%) believed that their teachers

had the same or less difficulty in grading their work on the ISM's.

13. When asked what was their most memorable science experience
during the last seven years, forty-two students (majority, 71%)
responded that lab work was the most memorable. Dissection of animals

was the most popular lab activity.

IAnecdotal Data

During the posttesting data collection period, the investigator
visited the module and control classrooms. As time permitted, the
investigator was allowed to visit with the students about their
experiences with the science modules. These anecdotal data added yet
another dimension to the additional data gathered on site. ~Appendices

E and F contain these anecdotal data.

Summary

Table 54 is a summary display of the chapter with specific

reference to hypotheses tested, instruments utilized for measurement,

statistical tests applied and findings.




87

. Table 54. Summary of Hypotheses and Findings.

HYPOTHESIS INSTRUMENT ) STATISTICAL TﬁST FINDINGS

One MAP Paired T Test Accepted

Two MAP Paired T Test Accepted

Three MAP Paired T Test Accepted

Four SCSS Group T Test Accepted

Five SAI Group T Test Rejected

Six SAT | Group T Test Rejected

Seven POI/MAP Discriminant Rejected
Analysis

Eight POI/SAT Discriminant Rejected
SCSS Analysis

Nine . POI/SAI Pearson r Rejected

Multiple Regression

Ten POI/SCSS Pearson r Accepted
Multiple Regression

The control and module students were asked to respond to-an
additional questionnaire after ‘the postting in thé Spring, 1982. The
majority of the control students responded that they would prefer more
indoor/outdoor lab activities. The majority of the module students
responded that laboratory work was their most memorable science
experience. The majority of the module students also responded that
they learned as much, if not ﬁore, froh‘the interdisciplinary science

modules when compared to regular learning activities.




I 5

88

CHAPTER 5

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

]

Summary

Over the past three decades the NSF Education Directorate has
spent nearly one billion dollars on teacher training programs. These
programs are usually designed to meet state or regional needs. Most
researchers féund that teachers gained knowledge in the cognitive
domain after participation in post baccalaureate teacher training
programs. The problem investigated in this study was whether
participation in an NSF integrated summer science institute (post
baccalaureate) at Montana State University changed needs, skills and
attitudes of the participants, with some focus on the participants'
secondary students attitudes and self-concept.

The need for this study was based on the national desire for
further investigation of science teacher summer institutes and effects
on teachers and students~(Welch & Walberg, 1967-68; Heintschel, 1978;
Moore & Blankenship, 1978; Willson & Lawrenz, 1980 and Welch, 1985).
A local need for this study was expressed by the director of the 1981
summer interdisciplinary science institute, Montana State University.

5ix general questions were to be answered by the study. They
are: Was there a change in the participants neéds related to self-

improvement after the institute? Was there a relationship between
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participants' level of self-actualization and student scientific
attitude? Was there a relationship between secondary student self-
concept and teacher self-actualization? Was there a change in the NSF
participants' secondary student scientific attitudes after completion
of modular coursework? Did the barticipants' students demonstrate a
change in self-concept after coursework in interdisciplinary science
modules and were there distinct variables that separated teacher and
student participant groups?

- The areas of literature that were reviewed relative to the
purposes of this study were: 1) needs of science teachers, 2) past
curricular trends in science, 3) humanism in science education,

4) student perception of the self-actualizing teacher, 5) teacher
self-actualization ;nd student progress and 6) student attitude and
achievement. ‘

Literature concerning NSF participant self-actualization,
participant needs, and effects of feacher institute attendance on
student attitude were non-existant. Literature concerning science
teacher self-actualization and student at£itude does exist, however
the results are conflictiné.

Four instruments were used to test the module, institute and
control groups. 'The MAP and the POI were.used to determine teacher
need and self-actualization level. The SAY and the SCSS were used to
determine student scientific attitude and self-concept. Hypotheses
were tested for significance using four statistical techniques:

1) the Student's t Test, 2) the Pearson‘r, 3) Linear Multiplé

Regression and 4) Linear Discriminant Analysis.
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Significant differences were found for hypotheses five, six,
seven, eight and nine. No significant differences were found for

hypotheses one, two, three, four, seven &nd ten.
Conclusions

The purpose of this study was to determine if differences and
relationships existed between the variables within the study. The
study showed no significant differences in teacher needs when compared
to before and after participation in the NSF institute. No differences
were found in secondary student self-concept in science processes.
Significant differences were found in sécondary student scientific
attitudes when compared before and after participation in integrated
. science modules. Self-actualization, teacher experience, needs related
to instruction/planning, self-improvement.and student science course,
self-concept, scientific attitude, grade level, gender and teachef
self-actualization were chosen in discriminant canonical functions to
discriminate getween groups. Finally, there was a significant, but
limited relationship between student scientific atti£ude and teacher
self-actualization. i

The Student t test, Linear Discriminant analysis, The Pearson r
and Linear Multiple Regression analysis results allowed the investi-
gator to form the following conclusions:

1. There was no significant difference in NSF participant need
relative to classroom instruction and planning when compared to before

and after.participation in the NSF summer institute. However, this

was not altogether surprising because of the low number of cases after-
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participants were separated into module, control and institute groups.
The number of cases related to statisfical significance. Extrapolating
to a larger sample size may change. the outcoﬁe.

2.  There was not a sigﬁificantrdifference in participant
attitude towards self-improvement (subscale F) as determined by the
Student t test.analysis.

3. Bifference in need for a better understanding of students,
as determinéd by subscale A, was not significant, therefore there was

no statistical difference in need for a better understanding of

- students when compared before and after the institute.

If one takes a great deal of liberty in interpreting mean raw
scores, it appeared that there was a drop in mean scores for subscale
D, Needs Related to the Improvement of Classroom Imstruction and
Planning for the module group when compared to the control and
institute group. Mean scores for subscale F, Need for Self-
Improvement, also dropped for both NSF teacher groups, while the
control group's mean score increased. All group means increased over
time after participation in tﬁe institute for subscale A, Need for a
Better Understanding of Students. When overall total mean scores wé;e
compared for ail subscales of the MAP, mean scores for the module
group dropped and the other two group mean scores increased.

A There was-no significant difference in secondary student
self-concept in science process skills when compared before and after

participation in integratéd science modules as determined by the

Student t test analysis.
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5. There was a significant difference in secondary student
intellectual scientific attitude when compared before and after
participation in integrated science modules. The scientific‘attitudes
of students were positive before and after participation in science
integrated modules, but decreased signficantly as determined by Student
t test analysis. These results could have been caused by a large
reduction in students available for posttesting, or other uncontrolled
variables.

Recent research by Baker, 1985 and Flemmming and Malone, 1973,
has shown an inverse relationship between Middle School student science
attitude (as measured by the SAI) and achievement. In Baker's study
of ninety-eight students, students receiving A's and B's had the most
characteristics associated with the scientific personality, but had a
negative scientific attitude. Possibly, the module students 4in this
-study increased their achievement in science while they were able to
retain an overall positive scientific attitude. Data from the
additional student questionnaires and teacher/student anecdotal data
tend to support this tentative conclusion.

6. There was a significant difference in secondary student
emotional scientific attitude before and after participation in inte-
grated science modules. The students were observed to experience a
significant decrease in mean attitudes, But they still were classified
as having an overall positive emotional scientific attitude. A sig-
nificaﬁt difference in SAI total score inclﬁding both subscales,

p=<.001, was also found by the investigator. None of the control
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students experienced a significant change in scientific attitude, as
determined by the §él..

7. The canonical discriminant functions chosen to discriminate
between groups in both the pretest and Posttest were significant.
Self-actualization, total years taught (teaching experience), science
teaching experience were chosen as a function that could predict
63.64% of the total cases in the pretest. Self-actualization, teacher
experience, needs related to a better understanding of students,
instruction/planning, and self-improvement all were chosen in the
discriminant canonical function to discriminate between groups, post-
test. The function successfully predicted 75% of the cases to be
grouped.

8. The canonical discriminant functions chosen tg discriminate
between module and control student éroups in both pretest and posttest
were significant. The predictor variables in the two canonical

functions were subscales of both the SCSS and SAI, science course,

grade level, gender and teacher sélf-actualization. Prediction levels
did not fall below 81% in any classification analysis. These levels
exceeded the classification results for the pPrevious companion i
hypothesis. Teacher self-actualization was found to be negatively
associated with student grade level. In otherwords, the self-
actualization levels of teachers in the upper grade levels (High
School), were lower than those of the teachers in the lower grade

levels (Junior High School). Gender was not found to be highly

correlated with any other predictor variables.
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9. A significant relationship between student scientific
attitude and teacher self-actualization was determined by two statis-
tical processes. The Pearson r and the Multiple Regression procedure

was used to test for significant relationships between the variables.

The investigator found significant, low, negative relationships between

teacher self-actualization and five of the six science subscales,
p=<.05 when the subscales were entered in order of decreasing tolerance
(forced entry). But when treated as a single block, the somewhat
optimistic R Square Coefficient (not adjusted for goodness of fit)
showed only a +.165 linear relationship. Considering the mixed results
of the.analysis and the low relationships between the variables, no
conclusions as to the superiority of specific levels of self-‘
actualization in promoting student scientific éttitude are warranted.
10. No significant relationships‘were found to éxist'between
student self-concept in science process skills and teacher self-

actualization.

Recommendations for Further Study

1. A replication of this study would bé germane in order to
validate the findings of the investigation. The study should involve
more participants and their studepts. Posttesting of studegts should
not be in late May so as to avoid student absences and "summer fever,"
which possibly could affect attitude. .

2. This investigator noted significant drops in secondary
student scientific attitudes wheﬁ compared!before and after par£icipa-

tion with integrated science modules developed by their teachers.
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Overall scientific attitudes still remained positive, but there was a
significgnt drop in mean scores. A possible explanation for this drop
may be an artifact which derives from the module design. A vital func-
tion of the module is to place the responsibility of learning directly
upon the sﬁudents. .Students became responsible for decision making
concerning coﬁpletioﬁ of module objectives. .Taking responsibility for
their own learning may have been perceived by the students as a more
.difficult, anxiety producing task when compared to regular classroom
work which as a result may have influenced their perceptions of
science. Research is needed to explore this area pf the module design
and implementation. If responsibility for learning produced negative
changes in mean attitudinal scores, then researchers may find that a
special introductory section on responsibility of learning may be
necessary in order to help alleviate student anxiety.

3. There is a need for further research in the area of student
outcomes as related to NSF summer science institute participants who
attend workshops/institutes designed to increase teachef and student
cognitive and affective development.

4. Conflicting research exists in the area.of secondary scho&i
student attitude and achievement (Baker, 1985 gnd Wiilson, 1983).
Possibly, attitude and interest are independent of one another and
interest is more related to achievement. Further research in this area
is recommended.

5. Researchers need to explore the needs of public school

district administrators with regard to inservice for science teachers

and coursework to be included in professional development programs.
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6. Researchers need to explore the area of self-actualization
levels of junior high school teachers as it reiates to grade level.
Findings from this study indicate that teachers at the lower grade
levels of secondary school have higher levels of self-acgualization
than do teachers in the upper grade levels. Do the junior high
teachers include more affective\studént outcomes in their science
programs when compared to the high school teachers? How are the junior

high teachers different from the high school teachers as a group?

Recommendations for Action

1. Public school administrators should help science educators
lead the way to science reform across the nation by making sure that
science programs are socially responsible, relevant, useful, and taught
in a personal, humanistic manner. The reorientation will .not be an
easy task.

2. Public school administrators should be encouraged to attend_
subject area curricula workshops and conferences invorder to help them
rethink their philosophical outlook of courses taught in their schools.

3. Collectively, public school administrators responsible fo£
school curriculum and program evaluation, should work through their
professional organizations to inform curriculum writers and textbook
publishers that they expect materials to reflect social respomnsibility,
relevancy, usefulness anéaa humanistic approach to science education.

4, Based on the findings from the additional student question-

naires and anecdotal data, there is need for secondary science

instructors to examine the benefits of increased indoor/outdoor,
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interdisciplinary, lab learning opportunities as a method of making
science programs more personal, useful and relevant.

5. The mean scores on the Moore Assessment Profile (1970)
indicated to the investigator that the MSU, NSF summer institute may
have changed the participants' overall needs. The investigator
recommended that similar institutes ﬂesigned to expand science learning
opportunities receive federal support.

6. There is a need for more secondary scienée teachers to become
involved with NSF science institutes.

7. There is‘a need for the development and validation of more
instruments to measure teacher/student attitude towards science and
scientific attitude. A conceptual reanalysis of the distinction
-between "attitudes toward science'" and "scientific attitudes" is

needed (Mumby, 1983; Koballa, 1983 and Zeidler, 1984).
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Description of a Science Module
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Modules - An Approach to Teaching Science
as Perceived by Paul S. Markovits

A module is a plan of study which is developed around one main
idea. The plan may be for as little as two or three days or for as
long as a month or two. Generally the module is developed for a time
period of approximately two weeks.

The main components of the module should ensure that each student
makes a choice and takes responsibility for his/her own learning.
However, it is imperative that each student participate in at least
one '"hands-on'" activity, one reading activity and one writing activity.
These activities should be of various interest and ability levels.

To begin developing a module, the instructor should first deter-
mine the overall objectives and then attempt to behaviorally define
those objectives where appropriate. A sample outline of the contents
of a module once the objectives are determined is as follows:

1. a. Overall objectives - written for the teacher
b. Specific behavioral objectives - written for the teacher
2. a. Preassessment of students in regard to the objectives.

Preassessment is used as a diagnostic tool and.should be
coded to correspond with activities in the module.
Determine minimum standards.

3. Directions written or stated orally for the student to
use the module.
4. Objectives written or stated orally for the student,
corresponding to each series of activities.
5. Activities to be done during the module.
For example:
a. For the objective, choose one of the
following:
*1) Read pages  of and exlain to

another student what you felt was the
main idea.

2) Read pages of , and write a
brief overview of what you read. -
3) Read pages of , and do the

experiment described within.
* each at a different reading level

b. For the objective, the class will meet in a
large group and will lecture
on the topic.

c. For the objective, choose two of the
following:

1. Read pages of and answer the
questions on page
2. Draw a picture of and then explain

to the class what specifically you had
in mind when you drew the picture.
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3. View the filmstrip
and then explain to the class what
specifically you found out that was new
to you.
4. Work either by yourself or with another
student and write a short play about
The instructor
must guarantee that one hands-on,
reading, and writing activity will be
completed.
Post assessment, either after each objective activity, a
group of objective activities or at the completion of the
series.. It is preferable to have an assessment after each
objective.
Review of assessment and diagnosis of areas of needs. Either
do other activities as designated in the module or develop
new activities for the student who has not met the expecta-
tions of the module.
A bibliography including all of the materials used must be
part of the module.
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Participating School Districts
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CONTROL SCHOOLS

Belgrade Public Schools,
Belgrade, Montana

Wolf Point Public Schools,
Wolf Point, Montana

Corvallis'Public Schools,
Corvallis, Montana

Columbus Public Schools,
Columbus, Montana

Cutbank Public Schools,
Cutbank, Montana
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MODULE SCHOOLS

Frenchtown Public Schools,
Frenchtown, Montana

Shelby Public Schools,
Shelby, Montana

Browning Public Schools,
Browning, Montana

Red Lodge Public Schools,
Red Lodge, Montana

Poplar Public Schools,
Poplar, Montana

Livington Public Schools,
Livingston, Montana

Manhattan Public Schobls,
Manhattan, Montana '

Huntley Project Public Schools,
Worden, Montana
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kg MIAMI UNIVERSITY

Kt S SCHOOL OF EDUCATION AND ALLIED PROFESSIONS

)
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OFFICE OF ASSISTANT DEAN
205 McGuffey Hall

January 14, 1982 _ | :

Dr. Courtland Ofelt
Science Resource Center
Montana State University
Bozeman, Montana 59717

Dear Dr. Ofelt:
This is to grant permission for your

use of the Scientific Attitude Inventory
(SAI) for your present project.

Good luck with your work.

Sincerely,
4 .

?fr&l’\«m@{ L, W1 ot

Richard W. Moore
Assistant Dean

wi

AN EQUAL OPPORTUNITY EMPLOYER

Oxford, Ohio 45056
l Telephone: (513) 529-6317 }




S L S N —

113

APPENDIX D

Letter of Authorization, MAP
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\UNIVERSITY or SCIENCE ano ARTS or OKLAHOMA -

405[224-3140 CHICKASHA, OKLAHOMA 73018

June 1, 1981

Mr. Cortland Ofelt
708 S. 12th
Bozeman, Montana 59715

Dear Mr. Ofelt:

The purpose of this letter is to grant permission for the use of the

Moore Assessment Profile (MAP) in your research efforts in the area of needs

assessment. Hopefully, the instrument will provide the desired information.

Good luck with your data collection. If I can provide further assistance,

please feel free to contact me.

Sincerely,

Kenneth D. Moore, Ed.D.
USAO Box 82287

KDM/et

DIVISION OF EDUCATION AND HOME ECONOMICS -

Elementary Education * Home Economics « Special Education-Leaming Disabilities
Speech and Hearing Therapy

.

L
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APPENDIX E

Letter of Authorization, SCSS
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State University of New York at Buffalo

DEPARTMENT OF INSTRUCTION

May 18, 1981

Mr. Cortland Ofelt

Dept. of Educ. Services
Montana State University
Bozeman, Montana 59717

Dear Sir:

553 CHRISTOPHER BALDY HALL BUFFALO, NEW YORK 14260 ‘TEL. {116)636-2451 _/
-~ -

s

contact me.
Yours truly,
-///Qxﬁ/
Rodney L. Doran
RLD: bm
Enclosure

5y

FACULTY OF EDUCATIONAL STUDIES

Enclosed is a copy of the Student Self Concept in Science Scale,
per your telephone request. I got your address from the Department
secretary. If you have any further questions, please feel free to
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Student, Teacher Comments, Module Schools
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STUDENT, TEACHER COMMENTS ¥ROM MODULE SCHOOILS

Junior High School Students

a)

b)
c)

e)

"We would like to do another module; it made the written
assignments easier." ' .

"We aren't used to working on our own and at our own speed."
"T could go right on to something else, as soon as I was
done with the module."

"These modules weren't any more difficult than regular
classwork."

Junior High School Teachers

a)
b)
c)
d)

e)
£)

- High

a)

b)

"The students did really well on the new modules, mostly A's
and B's.

"Slow learners needed more direction than the faster
learners."

"It was easier to work the Mastery Learning instruction into
the modules."

"Good for kids who were absent.!

"Reading level was in the middle." ‘

"The slower kids had to be taken step by step as a teacher
directed module lesson."

School Students

"We would like to do another module if our grade level (9)
could do the art/life science module that the ,10th graders
got to do."

"This module (art/geology) made me want to learn all about_
the Geologic Time Chart."
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APPENDIX G

Student Comments From Control Schools




Al.

A2.

120

STUDENT COMMENTS FROM THE CONTROL SCHOOLS.

Junior High Schools

a) "We have had some self-paced labs this year."
b) "Mostly, we've had bookwork." ,
c) "We haven't had any self~paced science modules this year."

d) "We have had lots of bookwork, but lots of lab."
High Schools

a) "We have had only theory this year in physics, no self-paced

modules."
b) "I'm going to use my physics in College."
c) "I haven't had an interdisciplinary science module yet this

year.
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