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ABSTRACT

IMPLEMENTATION OF A SCIENCE COURSE FOR POORLY MOTIVATED LOW
ACHIEVING SCIENCE STUDENTS: A CASE STUDY OF TWO TEACHERS

by
Robert Louis Liske

Research indicates that the science curriculum reform movement of the 1960's
and 1970's accomplished little to meet the needs of poorly motivated, low achieving
science students (Levin, 1987) and the curricula actually developed were not used as
intended (Smith and Neale, 1988; Carlsen, 1991). Consequently many of these new
materials were quickly discarded, and instruction for these students continued to use
the transmission view of teaching and the absorptionist view of learning (Prawat,
1989).

Using a qualitative approach, this dissertation is a case study of two different
high school classrooms, investigating various factors that are involved in the
implementation of a new science curriculum. In the first classroom, the teacher used
the materials as written, without assistance, and in the second classroom a "scaffolding
model" (Jones, Palincsar, Ogle, and Carr, 1987) was used as a means of achieving a
greater degree of implementation.

Findings show that all teachers observed were very directive and didactic in
teaching, and used a limited and repetitive repertoire of activities quite different from
classrooms for the average to above average students. This limited range of teaching
activities was justified by a concern for classroom control, by beliefs about the abilities
of students, by the philosophy of teaching and leamning, and decisions about the
appropriateness of content for poorly motivated students. The beliefs and procedures

which teachers felt "works with these students" and were used for control hampered



both learning and the implementation of the new curriculum, much of which was
adapted or dropped. On the other hand, when teaching strategies were employed that
were consistent with the new program, student engagement in learning increased,
students sought help in completing their work, and they displayed greater satisfaction
and pride in their work, as well as a higher level of self esteem. Moreover, the
procedure recycling and scaffolding used in one classroom resulted in a higher level of

implementation than in the classroom where scaffolding was not used.



DEDICATION

Dedicated to the students who struggle most in school,
who often give the appearance they do not care about leaming,
but who, having been so discouraged, having failed so often
having been hurt so much,
that they protect their tender spirits
in the futility of not trying anymore,
but underneath really do care,
and given loving patience, and extra help
will settle down, stay on task,
will try their best to do quality work,
will smile as they are successful, and
will take pride in their accomplishments

as they see hope restored.
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CHAPTER ONE - INTRODUCTION

A Window Into A Classroom

The twenty-five minute drive to Cranston High School offered a quiet time for
ruminating the plans and possibilities for the coming events of the day. Today is the
time to try out my new idea of using Post-Its to develop concept maps.

Post-Its! What a flexible method to allow students to manipulate ideas in small
groups until a logical flow of ideas begin to make sense. And then for these poorly
motivated, low achieving science students, this technique will not even require the
writing, erasing, rewriting they are reluctant to embrace and in some cases downright
disdain.

Now Mr. Lindeman has shown no inclination to use experimental work or small
group activities with these students. To me, the development of a concept map with
Post-Its seems to offer an excellent opportunity to demonstrate that small group work
and experimental work are both possible and profitable with the poorly motivated, low
achieving science students. Moreover, as we use concept maps to link all these ideas
together, it is possible that the student understanding will develop and their faces will
simply light up with appreciation.

As we arrive at Cranston High School, it is time to come back to the reality of
classroom life and see what the events of the day will bring. Class begins and |
accept the responsibility of introducing concept maps to the class by taking my
position at the overhead projector in the front of the room. We begin by brainstorming
for the factors, instruments, and units necessary to make a weather forecast. The

students offer ideas and | write them on an overhead transparency.

Note: Names of persons and schools have been changed to protect the identity
of individuals.
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Next, we discuss what factors affect the weather, how we can measure the factors,
and what indicators suggest rain or clear weather, warm or cold weather, slow rain or
thundershowers. Deciding to work one strand of the concept map with the students, |
list wind direction, air temperature, and air masses on little transparency squares,
arrange them on the overhead projector screen, and draw lines connecting them to
show how a northerly wind may bring cold air and a southerly wind can bring warm air.

The students are now given instructions to copy the listed factors, instruments,
units, and resultant weather patterns on Post-Its. Students are divided into groups,
issued large sheets of paper while they copy the items onto the Post-Its. Being in
groups, it seems everybody is expecting someone else to do the work. After a slow
start, some words are written on the Post-Its. Mr. Lindeman and | sidle up to the
groups to see how things are going. Quite a number of Post-Its have been pasted on
backs of other students with messages of "Kick me ... I'm dumb ... | love Andrea".

The drive home is a time for reflection. | had expected the students to be
enthusiastic about making concept maps. What went wrong? Were the directions not
clear enough? Did | expect something beyond the capability of the students? Today, |
have looked through the window of reality and gained a new insight into the life of
teachers who exhibit a reluctance to use small group activities with the poorly
motivated, low achieving science students.

THE PROBLEM AND ITS SIGNIFICANCE

One of the greatest problems in American science education to date has been
the failure to meet the needs of the majority of its students in the area of science
preparation, especially those in the middie and lower ranges of achievement. In a
summary report on the Secondary School Science Project, Gallagher (1985d)

concluded that present science instruction serves only the students in the top 40% of
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achievement. Instruction for the average and below average students was found to
often be simply watered down versions of higher level courses, giving a smaller dose
of the same materials at a slower pace with little emphasis on helping students
understand the knowledge taught and develop confidence to do so. Since instruction
was abstract and remote, students quickly lost interest and subsequently their skill
development, self confidence, and total achievement declined accordingly. A related
study by the National Academy of Science, the National Academy of Engineering, and
the Institute of Medicine (1984) depicts much of the current instruction as little more
than memorization of terms and principles which have limited application to the real
world as experienced by students (Anderson, 1987). Consequently many of these
students give science a low priority, viewing it as detached from their everyday lives
(Simpson, 1982; Yager & Penick, 1983).

In evaluating science education for the Michigan Science Teachers Association,
Berkheimer and Maxwell (1986) concluded that the basic problem is not with the top
20% of our high school graduates who understand and remember. The real problem
is with the other 80% who simply memorize and quickly forget. This division of our
students into two groups - the learners and the non-learners, is both a function of
different classes within schools, and diversity between schools themselves. America
has some of the best schools, some good schools, many mediocre schools, and many
very poor schools (Tamir, 1988).

This situation is especially disheartening when one recognizes that in spite of
the tremendous effort expended and the financial investment of $750 million of NSF
funds during the 1960's and 1970's, we find that little change has taken place in the
mode of science instruction (Fullen, 1985), and it is still viewed as "deficient in

purpose, scope, and style of teaching” (Hurd, 1986), and most of the materials
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produced during this era now stand idle on shelves, unused and eventually discarded.

First of all, science curricula developed during this era for the general school
population did little to meet the needs of poorly motivated, low achieving science
students, even though many were initially promoted as being beneficial to this
population of students (personal experience of the author). Three main thrusts
characterized the development of science curricula for the overall school population:
experiential science, individualized science, and modular/unified science. On the
experiential level, an attempt was made to bring the "process skills* into science
classrooms, and give students firsthand concrete experiences with science objects.
Discovery approach, inquiry learning, and hands-on activities became the buzz words
of the day. While some individual studies did show that the discovery method can
enhance thinking skills (Marek, 1978; Unan, 1979), and concrete experiences are
beneficial for the low-achieving student (Schneider-Livingston, 1978; Okebukola,
1985), the overall pattern of science achievement did show some improvement on the
elementary level (Bredderman, 1980). However, on the junior high and high school
level, Idar & Ganiel (1985) noted that superficial memorization of terms, knowledge of
formulas, and some manipulation ability was "usually sufficient to mask the lack of
understanding” (p. 129). Somehow the students were now "doing science” but still not
really understanding (Roth, Anderson, & Smith, 1983; Smith & Anderson, 1984).

The second thrust was the development of specialized programs to meet the
individual needs of every student. These took the form of programmed instruction,
auto-tutorial methods, computer assisted instruction, and comprehensive prepackaged
science programs like the Intermediate Science Curriculum Study (ISCS), all involving
students interacting with the materials. In most cases, programmed instruction,

audio-tutorial methods, and computer assisted instruction were found to be no more
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effective than conventional instruction (Moore, 1973; Lehman, 1980; Staniskis, 1977).

Individualized instruction was found to favor the higher ability students (Tate &
Burkman, 1981; Howe and Stanback, 1985). In all of these modes of instruction, the
lower ability student was hampered by a low reading ability.

The third thrust was the development of modular/unified programs in which
various subject matter areas (as science, math, English, and social studies) were
combined to form interdisciplinary instruction organized around broad themes. Some
success with the low motivation student was claimed by the LAMP project, described
by Higgins (1978). However, the indicator of success was a lower dropout rate and
little evidence was given for increased academic achievement. In other programs, little
evaluation was done, making it difficult to appraise the results.

An Appraisal

Where does this leave us at the present time for the poorly motivated
low-achieving students? Even though most of the National Science Foundation
Programs developed in 1955-1975 were promoted to reach this segment of the
school population through self-pacing, hands-on discovery method, individualized
instruction, independent learning, the end results were designed as a reaction to the
perceived technological challenge of the post-Sputnik era, and were most beneficial to
the high ability students on the high school level (Lorenzo and Lisonbee, 1963;
Burkman et al, 1982). Levin (1987) claims that the reform movement has
"systematically neglected the educationally disadvantaged student® (pp. 19-21).

Moreover, the entrenched pedagogical methodology (lecture, drill, review
worksheets, and testing) of teachers continues to impact the learning of students, who

rely on factual recall and fail to integrate the knowledge they receive, devising all sorts
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of coping behaviors designed to complete work rather than understand the material

(Anderson, 1983; Roth 1985).

While science scores in general have declined both on a national scale and
internationally compared to other countries (Nation at Risk, 1983; Mullis, 1988), the
proportion of low-achieving students has increased in America. When | first started
teaching in a large suburban high school near Chicago in 1976, we offered one section
of general (low-level, remedial) science. Five years later, with approximately the same
total school enroliment, we were offering and filling three sections of general science.
Moreover, an increasing portion of academically incapable science students seems to
characterize only a few of the modern technologically advanced nations, United States
and Great Britain in particular (Erickson, 1985). This same large segment of students
- the one's achieving in science, and the ones dropping out of science is not
characteristic of nations such as Japan and Israel. This suggests that a qualitative
study involving the practices and beliefs of both teachers and students may give
insight into this growing segment of poorly motivated, low achieving science students.

This rise in the portion of low achieving students is especially critical when one
considers the rapidly changing pace of our technological society. The proportion of
jobs is declining in the manufacturing sector and the unskilled labor sector, while
positions requiring technical training are on the increase. Students today will need an
understanding of basic science and training in technology, not only to be participants in
the work force, but as wise consumers and decision makers in a democracy.
Knowledge of basic science has been affirmed by both the Michigan Science Teachers
Association (1983) and the National School Board (1983).

As one reflects on over thirty years of sustained attention to science instruction,

many questions come to mind, "What did we miss? Did we spend so much time on
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the methods, materials, and curricula that we neglected to understand the leamer?

Were global applications as to teaching philosophy and methodology invalid for the
great variety of students encountered? Were workable ideas and good programs
simply not implemented on the local school level, and if so, why not?* Although each
of these seem to partially account for the lack of impact of new science curricula on
the methods of teaching and on science achievement in general, more recent research
(Posner et al, 1982; Anderson & Smith, 1984) points to the importance of the thinking
of individual students, their prior knowledge, their perceptions and misconceptions,
their beliefs about themselves and learning, and their ability to synthesize information
into coherent, meaningful explanations.

In addition a number of studies have investigated how teacher's beliefs and
contextual constraints on them affect the implementation of new curricula in schools
(Orpwood, 1985; Cronin-Jones, 1991). Consideration of this research suggests that
an in-depth qualitative study of what actually happens in classrooms during attempts
to implement a new curriculum may give valuable insights into why new curricula are
not implemented as intended. The developments of the past thirty years suggest that
the problem stems not only from the lack of appropriate curricula for these students,
but also from a failure to implement curricula as intended.

The MDE Project - A Present Response

With a growing public recognition of declining achievement in science in the
early 1980's, societal pressure influenced many school districts to upgrade graduation
requirements for high school science. Following the release of “A Nation at Risk"
(1983), many school districts and the Michigan Department of Education required two
years of high school science for graduation. In response to these initiatives and in an

attempt to provide a more suitable curriculum for high school students with poor



8

motivation and low achievement, Michigan State University in conjunction with three
Michigan school districts, forwarded a proposal to the Michigan Department of
Education in late 1985 for funding to develop science curriculum for this target
population. The funding was partially granted, and during the course of the 1985-86
school year, six teachers (two from each school district), two graduate students in
science education, and Dr. James Gallagher from Michigan State University worked as
a team to write the first draft of two technology units, entitled Wheels (addressing the
physics of cars and bicycles) and Muscles and Bones (addressing exercise physiology,
physical health and appearance). These two units were trial tested in two of the
participating school districts during the winter of 1987. At this time data collection for
phase one of the dissertation was completed at Western High. Using feedback from
the trial testing, these two units were rewritten during the summer of 1987.

A second proposal was submitted to the Michigan Department of Education for
the completion of the three remaining units. Again funding was only partially granted
and during the summer and fall of 1988, Dr. Gallagher, six teachers, three graduate
students, and one high school student worked to complete the three remaining units of
a year-long high school science course for students with poor achievement and
motivation. These units, entitled Weather, High Tech Communication and Chemistry
for Keeping Clean, were ready for trial testing in the fall of 1988 and preparation was
being made for the dissemination and implementation of the entire program during the
1989 school year. At this point data collection for phase two of the dissertation was
completed at Cranston High School.

The initial project outcomes as stated in the 1985-1986 application (Gallagher, 1985c)

included:
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1) The development of a new course entitled Science and Technology in a
Changing World.

2) Development of a teacher orientation program.

3) Field testing of the modules.

However, the program was actually funded at approximately one third of the
level requested. Therefore, we were not able to achieve all the goals set forth in the
proposals. Revised plans were submitted to match the budget funded.

The 1988-89 application (Gallagher, 1988) added:

1) Revision of two units already field tested.

2) Writing of three additional units.

3) Field testing of these three additional units.

4) Dissemination of the new curriculum across Michigan.

5) Establishment of resource centers for trial teachers.

Dissemination of this new technology program included presentations at the
Michigan Science Teachers Association Convention as well as a series of five teacher
training workshops geographically distributed across Michigan. The purpose of these
workshops was to introduce teachers to this new curriculum, familiarize them with the
philosophy and methodology, demonstrate some lessons and activities, and in general
develop interest in the program.

Program Characteristics

A number of assumptions are necessarily inherent in an effort to develop a
science curriculum for low-achieving, low-motivated students. First of all, the
implication was made that the needs of these students can at least in part be met by
the development of a curriculum. Secondly, it was assumed that teachers would adopt

the strategies and methodology built into the curriculum. Thirdly, it was expected that
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the new curriculum would give teachers the knowledge and materials necessary to
change teaching methodology, and finally, that the design of a curriculum would
contribute to motivation of students and to the development of deeper understanding of
concepts.
Specific design characteristics in the development of this curriculum (Gallagher, 1985c)
included:

1. Selection of topics that are of high interest to this target population.

2. Development of materials that include a high degree of relevance to the daily
lives of students with emphasis on the practical rather than the theoretical
aspects of science, "a strong emphasis on applications ...to help students
see the utility of scientific knowledge." (Gallagher, 1985c).

3. Development of materials that demonstrate internal coherency - in which
teaching methodology is consistent with program objectives, in which
activities work toward achieving learning goals, which provide a continuity
from lesson to lesson, and a direct applications in the real world.

4. A greater variety of shorter activities tied together into a longer module.

5. A high degree of student engagement in activities.

6. Cooperative rather than competitive activities.

7. An attempt to incorporate small group activities.

8. Activities that allow a high degree of success.

9. A commitment to teach basic science and skills, using technology to create
interest and relevance.

10. Emphasis in helping students construct meaning from reading, lab activities,
and personal experiences through writing and small group work and
whole class instruction.

The importance of teaching basic skills such as reading comprehension, clear

written expression, and accurate mathematical computation was affirmed by two data

sources. A study conducted by the Carman-Ainsworth School District (1985) together

with twenty-one leaders from business and industry compiled a list of necessary but
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deficient skills and attitudes needed by workers in today's marketplace. This study

substantiated the position taken by the National Academy of Science, the National
Academy of Engineering, and the National Institute of Medicine that the teaching of
basic skills is of great importance in preparing our young people for the present
technological society. The focus of this research project was specifically designed to
address a set of educational and personal deficiencies that are characteristic of this
population as set forth in the following chapter. A natural consequence of the
decisions to incorporate the above characteristics in the course being developed at
MSU is that the character of all the units tended to reflect a scientific and technological
approach, rather than a purely scientific approach.

Specitic Curriculum Objectives were Stated as Follows:

1. Students will learn how to apply principles from science and technology to
familiar problems of daily life.

2. Students will learn how to use basic principles of science and technology as
tools for understanding real problems that influence their daily life.

3. Students will learn and develop skills in using basic processes of science
and technology.

4. Students will practice and enrich their basic skills.

5. Students will develop occupational awareness.

6. Students will develop increased self confidence.

7. Students will learn to work cooperatively in groups.

During the development and implementation of this technology curriculum,
many questions came into consideration: Will all this work have been in vain? Are
these materials also destined to reside on a dusty shelf for a time, eventually to be
discarded and forgotten? Why are teachers reluctant to adopt new materials and their

accompanying methods of teaching? Are the materials simply not better than former
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materials? Do we not understand the perceptions, assumptions, and fears of
teachers? Do we not recognize the constraints under which they operate? Are
implementation procedures inadequate or simply way off track? Why has the least
change in mode of teaching and curriculum taken place for the poorly motivated,
low-achieving students (Liske, 1987; Levin, 1987)? It may be too early to reach a final
conclusion, but present indicators suggest that few schools and few teachers will
actually be using these materials from the Michigan Project on a continuing basis

(Interview with Gallagher, June, 1991). These questions were part of the motivation in

structuring this dissertation.

This dissertation ended up as a case study comparing the implementation of
two science units, developed by the MDE project, in two different classrooms.
However, this is not how it started. While the general area of interest has always been
on implementation of the new curriculum, the purpose and focus changed a number of
times during the course of development.

Phase one of this study was designed as a qualitative study to determine
how the new technology curriculum is used and viewed by teachers and students.
Observations and data collection were completed during the spring of 1987 at Westem
High School as the unit Wheels was taught for the first time. During this time, | took
the role of an observer as we (the project developers) were interested in how the
teacher would use the materials depending on written instructions from the Teacher's
Guide alone. The findings of this initial study included massive adaptation of the
material as written. On the basis of data from this and other field tests, the first two

units were revised and the last three units completed.
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With the completion of the last three units ready for trial testing, a dissertation

proposal was submitted to determine if the contextual and conceptual links designed
into the Weather unit would enhance understanding during the teaching of this unit.
Data collection for phase two began in the late fall of 1989 and was completed in the
spring of 1990 at Cranston High School. During the early stages of teaching the
Weather unit, the same pattern of modification appeared as was noted at Western
High School. Out of necessity, my role as a researcher changed from a pure observer
(as at Western High) to that of a participant-observer, which changed the design of the
study into a two-phase project, one without intervention and one with intervention.
The intervention used to increase the potential of implementation as intended was a
scaffolding model (Anderson, 1987b). Primary data, collected by direct personal
observations, consisted of field notes, audio tapes, and interview recordings.
Supporting data consisted of pretests, posttests, samples of student work, and printed
school documents.

Analysis of data during the summer of 1990 determined that the collected
evidence was insufficient to support conclusions to questions generated for the
dissertation proposal. Only a portion of the unit has been taught, modification had
been quite extensive, and my role as a researcher had changed.

Under consultation of the graduate committee, an evaluation of collected data
did generate some interesting observations and the design of the dissertation was
restructured to its present form - a comparative case study of two classrooms, one
without intervention and one with intervention.

The Organization of the Dissertation
Chapter one of this dissertation gives the reader an introduction to the status of

science education for poorly motivated, low achieving students and develops the
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significance of the study. It also describes the Michigan Department of Education
Technology Curriculum Project, the relationship of this dissertation study to the project
as a whole, and the evolution of this dissertation during the course of this project.

Chapter Two gives an overview of literature pertaining to the characteristics of
low achieving students, traditional teaching and learning for these students (with an
overview of specialized curriculum developed), and attempts to implement these
curricula. The second section of this chapter give the theoretical overview, with the
first part describing traditional teaching and the second part describing the theoretical
rationale on which this study is based.

Chapter Three details the design of the dissertation including the nature of the
study, specific research questions, and assertions developed.

The collected data are presented and interpreted in three chapters. Chapter
Four presents the data on the characteristics of students, while Chapter Five describes
implementation of the unit Wheels at Western High in 1987 and Chapter Six describes
the implementation of the unit Weather at Cranston High in 1989-1990.

Analysis of data and the comparison of the two schools is given in Chapter

Seven, and the conclusions and summaries are given in Chapter Eight.



CHAPTER TWO - REVIEW OF LITERATURE

The nature of ethnographic study is to enter a situation with an open mind, free
from preconceived notions, hopefully understanding the biases involved, and without
guiding hypotheses that frame the investigation. Various assertions are generated
from observations, then either confirmed with further substantiating evidence or
modified with counterinstances from forthcoming data.

As such, a review of related literature for this type of study does not focus on a
particular concept or question, but attempts to familiarize the researcher with various
aspects of education directed toward the poorly motivated, low achieving science
student to help develop an understanding as to what is really happening in a
classroom, and what beliefs and circumstances underlie each situation.

Consequently, this review of the literature involves a rather wide range of topics
divided into two main sections; first the historical background and secondly the
theoretical background. The historical background characterizes education for the
poorly motivated, low achieving science student as traditionally and presently
constructed. This includes: the characteristics of the poorly motivated, low achieving
science student; traditional teaching and learning for these students; and previous
attempts to create and implement new curricula for this population of students.

The purpose of the theoretical portion of this review will be to place the
interpretations and recommendations into a logical framework and undergird the
rationale of the argument to broaden the generalizability of this study. In that the
establishment of meaningful learning and effective teaching for the poorly motivated,
low achieving science students is the underlying motivation behind curriculum
development, a review of learning as applies to these students will be included. The

failure of these students to connect various concepts into meaningful understanding

15
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suggests developing an argument under the constructivist perspective. Finally, the
failure to implement most new curriculum for these students necessitates a look at the
beliefs of teachers and students.

After searching various indexes and data bases, it became apparent that the
amount of research and meaningful literature directly related to the poorly motivated,
low achieving science student is very limited (Levin, 1987). To further complicate
matters, the research that is available is in many instances not very helpful. For
instance, carefully designed studies with valid statistical results showing a high
correlation between attitude and achievement (Brewster, 1976; Willson, 1983) or
between motivation and achievement (Ururoghn & Walberg, 1979) or between mental
ability and achievement (Denkworth, 1970; Lehman, 1980) are interesting but not
enlightening to the practicing teacher.

A review of over 200 studies on the low-achieving science student (Liske &
O'Halloran, 1985) indicated a complex issue with many factors involved, including such
variables as cultural factors, home and community, student characteristics, and school
factors. Each of these factors in turn contained many variables. For example, in the
area of student factors, intelligence (Denkworth, 1970; Anderson, 1977; Lehman,
1980), reading level (Mayer, 1970; Scrivastova, 1977; Rossock, 1982), math
proficiency (Baker, 1985), cognitive style (Ogunijemi,1973; Brewster, 1976; Poslock,
1982) are related to specific abilities, while self-concept (Handley & Morse, 1984;
Kramer & Walberg, 1981), locus of control (Burow, 1978; Rossock, 1982; Bradshaw,
1984), and anxiety point to emotional and psychological factors. Even personal
factors like gender (Smail & White, 1982; Lo, 1982) and adoption (Scrivastova, 1977)
correlated with achievement. In the past much effort has been directed toward the

study of factors (such as SES) that are to a large extent beyond the control of



17
educators. In order to make significant gains in educational achievement, it will be
necessary to analyze a variety of impinging causal factors, in contrast to correlational
facts, and focus on those that contribute to understanding these relationships and are
amenable to educational intervention. Probably the most helpful research will come
out of the constructivist perspective, helping to devise teaching strategies that will help
bring understanding and self-esteem to these students.
A Profile of Poorly Motivated, Low Achieving Science Students
Clegg and Morley (1980) give a profile as follows:

These pupils are characterized by low motivation, an inability to concentrate on

any one topic for more than a short period of time, low powers of thought and

retention, frequent aggressive behavior and a resentment of authority,
particularly that of the school teacher. They are frequently absent from school

(p. 454).

Anderson (1987b) notes that this group, which we are not reaching by present
educational programs consists of the passive learners, who are often disabled or
handicapped, usually deficient in reading or writing skills, and due to developing
frustrations frequently absent from class.

As can be noted by comparing these two profiles, poorly motivated, low
achieving science students do not fit one profile, but include a wide variety of
individual, circumstantial, and historical factors.

First of all, low achievement is not a distinction of only low ability students.
Low achieving students range all the way from special education students to very
capable students, who for some reason neither care about or are interested in school.
Often these students are very capable, but deficient in some specific area, that in tum
hampers growth in other areas. Reading difficulty (Mayer, 1970; Srivastova, 1977;
Rossock, 1982) and low math ability (Baker, 1985) are two of the more obvious

deficiencies that contribute to low science achievement. Moreover, many of these
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students seem to have acquired misconceptions about science that interfere with
further understanding (Mentzes, 1984, Idar & Ganiel, 1985).

Secondly, and probably more significant than specific subject matter deficits is
the lack of metacognitive skills among low achieving students. Dweck & Elliot's (1983)
division of metacognitive skills into task analysis, strategy planning, and performance
monitoring illustrate the range of skills involved. Cullen (1985) defines metacognition
as "one's knowledge concerning one's own cognitive processes or products® (p. 267),
and divides them into cognitive monitoring, strategic action, and coping responses.
She indicates that achieving students are able to cope with ambiguity and error and
many non-achieving students develop such anxiety and frustration that they exhibit
"leamed helplessness* (p. 272). She asserts that impaired performance on the
metacognitive level will interfere with cognitive functioning, even if there is not a deficit
on the cognitive level itself. In describing negative coping, she states that "in order to
complete assignments, low achieving students developed strategies that contributed to
task completion, but did not necessarily contribute to the mastery of the content or the
acquisition or maintenance of adaptive learning-to-leam skills® (p. 290).

A third characteristic often found with the low achieving, poorly motivated
students is a negative self-concept (Kramer & Walberg, 1981; Bradshaw, 1984;
Handley, 1984). This low self-esteem takes various manifestations ranging from
judgments of lack of competence, external locus of control, to negative self-attribution.
Dweck & Elliot (1983) note that *achievement motivation may be viewed as involving
goals related to competence - increases in competence and judgments of
competence” (p. 645). A history of failure for these students has convinced most of
them of their own incompetence which directly contributes to their increasing lack of

self-esteem and the tendency to resort to negative coping behaviors in an effort to



19

salvage the remaining bit of self-esteem.

Fourthly, research has shown a strong correlation between achievement and
what is called "external locus of control." These students feel their effort has little
affect on the outcomes of their own lives (Burow, 1978; Rossock, 1982; Bradshaw,
1984; Sherris & Kahle, 1984) and circumstances beyond their own control determine
the future potential of life possibilities. According to Weisz and Cameron (1985), this
control over events or various situations is dependent upon two things; 1) contingency
- the degree to which an event can be controlled, and 2) competence - the individual's
capacity to influence the events. They equate a person's view of self with what they
call "self-efficacy”, the ability to influence events and outcomes.

Most of these students have a history of failure which colors their expectations
of present success. Through a variety of previous experiences (performance
accomplishments, verbal and social interactions, and evaluative cues), the student
develops an expectation for either success or failure in regard to future events.
McCombs (1986) asserts that in the face of failure, there is an “inherent need to
establish and maintain a positive self-image and a sense of worth" (p. 7). As a result,
we find many students resorting to all kinds of adaptive and maladaptive actions to
maintain a positive self-evaluation.

One of the most common tendencies for these students is to adopt
performance goals rather then learning goals. As explained by Dweck & Elliot (1983),
performance goals are motivated by value judgments of peers, teachers, and parents,
in which the student attempts to obtain favorable judgment of competency and avoid
an unfavorable judgment of inadequacy. These students with performance goals
exhibit greater anxiety toward tasks, avoid challenges, and show less generalizability

and transfer of learning. In contrast, children with learning goals see the long term
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benefit of the task, and will complete the task for understanding and for its own

inherent value. Ames and Archer (1987) confirm the importance of this distinction in
saying that "a performance goal orientation may actually provide a context that is not
conducive to developing a positive achievement orientation and longer term interest in
learning® (p. 413)

As previously indicated, students' self-perception and emotions have a
long-term affect on learning. For instance, a high level of anxiety is directly related to
low science achievement (Dhaliwal & Saini, 1975; Gabel, 1983; Trout and Crawley,
1985; Napier & Riley, 1985). Cullen (1985) asserts that anxiety, frustration, and anger
about school often develop as early as eight years of age, and continuing negative
affect of these emotions continue to interfere with the child's effective use of
metacognitive strategies. The profile of the low achieving student then is one of
unclear or maladaptive goals, low self-esteem, external locus of control, weak
metacognitive skills, and in some cases weak cognitive skills. Repeated failure has
ingrained a low expectancy for success and causal attribution of failure to
uncontroliable factors.

Iraditional Teaching and Learning

Traditional teaching for the poorly motivated, low achieving science student has
to a large extent been fashioned by experiences of teachers with these students and
secondly by consequent beliefs about students' ability and motivation, arising out of
these experiences.

Due to the difficulty in teaching these students, one of the primary concems for
these teachers has been on management and control (Doyle, 1986), with manageme'nt
concemns taking priority over instructional effectiveness (Cusick, 1983). The classroom

becomes a system of structured routines aimed at maintaining order (Gallagher, 1989;
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Liske, 1989). In fact, the management concerns often dictate and restrict the choice of
educational activities used with these students. Student-centered work and lab
activities are rarely used while lecture and seatwork predominate (Gallagher, 1989).

The traditional methodology (textbook/lecture/reviewftest) that epitomizes a
large portion of education today is particularly evident in classrooms that contain poorly
motivated, low achieving science students. This mode of learning depends highly on
the organizational, analytical, and communicative skills of the teacher, reflecting what
Prawat (1989) calls the "transmission view of teaching" and the “absorptionist view of
learning® (p.318). In this mode of instruction, the teacher becomes the dispenser of
information and the student becomes the repeater of the same information with both
assuming relatively passive roles (Lockhead, 1985; Doyle, 1986; Cohen, 1988).

Emphasis on this mode of instruction will focus strategies toward content
acquisition (Anderson, 1987b; Tyson-Bernstein, 1988) that finds its roots in the
additive view of learning (Roth, 1985; Prawat, 1989). Research also indicates that
content is highly sequenced into a hierarchal progression (Prawat, 1989). According to
this common hierarchal view of learning, certain prerequisite facts and skills need to be
mastered (using lecture, drill, review, and quiz procedures) before higher order thinking
skills can be realistically developed with the students (Prawat, 1989). This regimen
has been found to achieve a measure of success with these students and over time
has become more deeply embedded in the teaching routine.

This additive view of learning is reflected in the manner in which textbooks are
used in these classrooms. Science curriculum is primarily textbook driven. Gallagher
(1989b), using data from the Secondary Science Teaching Project, asserts that
*science teachers, and even curriculum directors, strive toward coverage of the content

with little regard for student' learming" (p. 6). Tyson-Bernstein evaluates present day



college textbooks as follows:

They take on too many topics and treat them superficially; there are too many

unexplained facts, and there is not enough content; new knowledge is more

often piled on than assimilated; the prose is dumbed down to accommodate the
poorer readers of today's undergraduates; faddist and special interest group
messages, however notorious, appear as bulges or snippets of content; flashy

?;a‘\‘;))f\iw and white space further compress the already compressed text (p.

What has been stated about college texts, applies equally well to high school
textbooks. Anderson (1987b) explains that boldface type (in textbooks) is used to
emphasize new words, not necessarily important ideas; in most cases the main ideas
listed for each chapter are usually facts and not concepts. Roth (1985) has
demonstrated how this textual structure impacts readers of these texts. Poor readers,
with the direction of the teacher end up memorizing lists of facts, consistent with the
additive notion of learning. Students would focus in on "big words" (bold words) and
learn them in isolation, being familiar enough to repeat them for an answer, but not
understanding them well enough to connect them to other facts in the generation of
conceptual understanding (Roth, 1985). For the lower achieving students, much of
science instruction is characterized by copy-matching (copying answers from the text
using various clue strategies, without understanding the relationships between these
facts (Anderson, 1987b). Overreliance on prior knowledge further complicated
understanding and simply ingrained misconceptions.

Rowe (1992) substantiates this rote learning of facts as a consequent of
"America's fantastic drive to do testing" (p. 53). Her calculations yield an impressive
array of 2500 to 3000 new terms in a textbook, an average of 20 new terms per class
period, leaving almost no time for discussion or inquiry. She describes a frustrated

student, slamming down a thick textbook, crying, "It's a damn dictionary? Who reads

dictionaries?" Anderson (1987b) characterizes the teaching of science as a simple
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transfer of facts, rules, and definitions from the textbook to the student.

The long standing complaint emanating from this traditional approach to
education is the production of students who know a lot of information, but cannot apply
the information in an effective and useful manner once entering the job market
(Carman-Ainsworth School District, 1985). It may be argued that substantial content is
necessary for functioning efficiently in any analytical, synthetical, or creative manner,
and as such needs to be a goal component in any educational philosophy, but content
acquisition as the primary goal in education failed to develop understanding of science
concepts in students or relevance to the real world.

The move toward discovery learning with "hands-on" science activities during
the 1960's and '70's also failed to meet the needs of the poorly motivated, low
achieving science students. It was assumed that students could formulate meaning
on their own (Smith & Anderson, 1984; Roth, 1984) and ignored the importance of
prior knowledge (Eaton, Anderson, & Smith, 1984; Gil-Perez & Carrascosa, 1990).
The conclusions and concepts that developed from these activities often were
unscientific and in some cases blatantly incorrect (Smith, 1985). Moreover, many of
the teachers were unprepared to help students analyze and interpret observations from
experiments and left students to formulate their own conclusions. Using research from
Roth (1984) and from Smith & Anderson (1984), Anderson (1987b) concludes that the
*research evidence suggests that hands-on activities or instruction in the process skills
will not ensure meaningful learning, either alone or in combination with conventional
fact-based instruction® (p. 77).

Students did find interest in the materials, but the role of the teacher was
changed from directed inquiry to a manager of materials and learning activities. Direct

teaching was largely discarded in a philosophy that encouraged teachers to get the
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material into the hands of the students, get out of the way, and let them mess about.

And this is exactly what many of the poorly motivated, low achieving science students
did with the materials, although the intention was to create opportunity for exploration
and investigation. The "messing about® approach (Hawkins, 1965) created a
management and control problem for many of the teachers and with control taking a
higher priority over instruction in the priorities of administrators (Cusick, 1983),
discovery learning for the low achieving students was up for reconsideration.

Finally, discovery learning demanded a much greater time commitment from
teachers in material acquisition, preparation, and cleanup. And so by the end of the
1970's, one by one of the new National Science Foundation programs were discarded
and again replaced by traditional teaching. Thus we find that discovery learing, in
part motivated or at least justified by its potential to allow slower leamers to leam at
their own pace and hopefully help them conceptualize and develop meaningful science
understanding, also failed to offer genuine science understanding to the poorly

motivated, low achieving science students.

Implementation of Previous Science Curricula for Poorly Motivated, Low
Achieving Science Students

The development of science/math curriculum in response to the launching of
Sputnik in 1959 primarily targeted the average to the above average science students
and gave little attention to the poorly motivated, low achieving science students. Levin
(1987) concludes that the “reform movement has systematically neglected
educationally disadvantaged students" (Pp. 19-21). For these students only two major
curriculum projects and a number of local minor programs were developed and of
these only one received national prominence and survived the test of time, that being

Investigations in Science, written by Dolmatz and Wong.
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The major focus of this section of the literature review is on the implementation
failure of new science programs for the poorly motivated, low achieving students and
an attempt to understand the reasons why this is occurring. It will first give the results
of some general implementation studies, include some of the explanations given by
these researchers as to why implementation failed, and finally include some of the
recommendations for future studies. The second section will give a brief overview of
various curricula specifically developed for the poorly motivated, low achieving science
student. The attempt to implement each curriculum into the existing school structure
will be examined in an effort to understand why so few of the curricula developed for
these students were not implemented as intended.

An overview of the research regarding the implementation of new curricula for
the poorly motivated, low achieving science students indicates that almost none of the
new programs were implemented as written or intended to be used. General research
overviews affirm that most programs were adapted or modified to fit the teacher's belief
system, and were eventually dropped as the teacher returned to the traditional mode of
teaching. Cronin-Jones (1991) completed a survey on implementation and cites Clark
& Elmore (1981) who conclude that "teachers adapt curricula to fit their knowledge,
priorities, and unique classroom settings. . . (with) teachers deciding which topics and
activities are appropriate for students (p. 236). Prawat (1991) indicates that factors
other than the quality of the curriculum must be considered in the implementation
failure of new programs. Citing studies by Carlsen (1991) and Smith & Neale (1988),
he claims "research demonstrates that even the best curriculum material is modified to
fit the practitioners' views of teaching and learning" (p. 316). Anderson and Smith
(1984) report a distinct difference between what the curriculum developers intended

and the curriculum actually implemented by teachers. This difference between the
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intended and implemented curriculum has diluted the effectiveness of most of the new
programs, substantiating the original teacher's belief that new curricula are just a fad
from the central office, not practical for real classrooms. Consequently, like most other
new reforms, the program was usually dropped within the first year after attempted
implementation. Fullen (1972) concludes that "despite massive inputs of resources
during the last fifteen years and despite numerous 'adoptions’ of innovations, very little
significant change has occurred at the school level corresponding to the intended

consequences of these innovations" (as quoted by Dynan, 1985).

The question still remains, *Why have these new curricula made very little

impact on changing science education?® Is there something inherent in the design of
the curricula themselves? Can some of the responsibility for lack of change be
attributed to the implementation process? Available research suggests four areas for
further investigation relative to implementation: structure of schools, the mode of
implementation, teacher training, and finally the beliefs and values of teachers. Of
these four, the strongest connection emerging from implementation studies is the link
to teacher beliefs and values.

Citing reports from the Carnegie Commission (1986) and the Holmes Group
Report (1986), Prawat (1989) asserts that implementation will require drastic changes
in the structure of schools (how they are controlled, organized, and administrated).
Little (1982) attributes the failure of implementation to "teacher training and lack of
concern to the social organizational features and contexts in which the changes were
attempted" (p. 326). Using “"successful schools" as a model (where implementation
was successful), she points to collegiality among teachers, willingness to try

experimental approaches, structured observations, shared planning, and good
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communication with other teachers and administrators as critical factors in successful
implementation. These changes involve new roles for teachers (Clark & Peterson,
1986), including them in curriculum design and development, providing them with time
and support during the implementation phase. On the more practical side, while
teachers operate with functional autonomy in their own classrooms, school-wide
professional agreements set boundaries on the time, curriculum and resources
available to teachers. Mojkowski (1991) details new roles and relationships necessary
for restructuring schools as follows:

1. Site autonomy, shared decision making, enhanced roles for teachers.

2. Regulatory simplicity.

3. Networks of flexible groups rather than hierarchies.

4. Encourage risk taking and innovation.

5. Invest heavily in staff development.

6. Focus on the teaching/learning process (p. 13).

The second factor affecting implementation of new curricula suggested by
researchers is the mode of implementation. Historically, the most common mode of
curriculum implementation has been the top-down approach with state agencies and
the district superintendent providing the driving force. Conversely, some schools have
used the "bottom-up® approach where curriculum change is initiated and planned by
local teachers on the school level. Larry Cuban (1984) concludes that it is still not clear
which mode is most effective

as few researchers have investigated the connections between strategies and

outcomes...(On one hand mandates) can produce compliance with the letter of

the law without leading to improvement (p. 141),
while on the other hand, a bottom-up approach can produce a diversity of programs
from school to school, a lack of consensus in the district, or possibly no reform at all.

One thing is clear however. In spite of mandated curricula, each teacher

essentially determines his/her own curriculum. Cusick (1983) claims that there is no
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direct connection between what is written in curriculum guides and what is actually
taught in classrooms (pp. 84-86). Teachers functionally work in isolation and consider
classroom teaching their domain and any attempt to impose a pre-designed or
other-designed curriculum is often met with outright hostility and subversion. Cuban
(1984) proposes an implementation model that involves a multi-level approach with
broad involvement in policy setting, long range development, and evaluation, but gives
a more direct responsibility to educational leaders in the development of vision,
generation of resources, and finally in the implementation and administration of new
programs.

Must teacher education assume some responsibility in the failure to implement
new curricula? Cronin-Jones (1991) outlines areas of involvement by making the
following recommendations:

1. Provide students with opportunities to review a variety of intended curriculum
materials.

2. Provide in-depth exposure to the rationale and theoretical perspective
underlying a curriculum's choice of objectives, content, and instructional
strategies.

3. Focus on identifying existing teacher beliefs and stimulating teacher
candidates to examine, and perhaps change their beliefs about how students
learn, and the teacher's role in the classroom (p. 248).

Looking at the total body of research, the most powerful factor that seems to
influence curriculum implementation is the beliefs and values of teachers
(Cronin-Jones, 1991). Having surveyed various studies, she concludes that “teachers
have difficulty on implementing curricula which emphasize values different from those
the teachers customarily held" (p. 236). The larger the discrepancy between existing

teacher beliefs and the change required by the new curriculum, the less likelihood for

successful implementation (Cronin-Jones, 1991).
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The differences in values and beliefs between the curriculum developers and
the teachers most often concerned the concept of learning and the nature of science.
More specifically, these included beliefs about the role of the teacher in the classroom,
the ability of students, and the relative importance of topics (Mumby, 1983;
Cronin-Jones, 1991). Of these, the teacher's ability to decide which topics and
activities are appropriate for students will to a large extent determine how much of a
new curriculum is actually adopted as intended (Brophy & Good, 1974; Doyle, 1979;
Rosaen, 1987).

Cronin-Jones describes how teachers altered the intended curricula to "make
them more congruent with their own teaching contexts and belief systems® (p. 245).
She illustrates this with an example of a teacher personally observed:

During the lesson, she (the teacher) carried the cognitive load of the class and

reduced most of the material presented to small, simple bits of factual

information. As a result, other student outcomes such as problem-solving skills

and attitudes were not stressed. ... In both cases, beliefs and attitudes exerted

a strong influence on implementation.

This observation agrees with Clark & Peterson (1986), reporting a study by
Olson (1981), that "teachers transformed and distorted new curriculum to fit their
implicit theories of teaching” (p. 288).
Besearch Recommendations Regarding Implementation

With teachers having the greatest impact on implementation or lack of
implementation, it makes sense that most recommendations for future implementation
concern teachers in some way. First of all, it appears basic that strategies be devised
to understand the beliefs and values of teachers and then construct procedures to
bring their beliefs and those of a new curriculum into alignment. Cronin-Jones (1991),

citing work done by Orpwood (1985) suggests that "more detailed case studies are

needed to find out exactly how teacher beliefs and perceptions influence the process”



of implementation (pp. 477-489).

Furthermore, a number of researchers recommend that research needs to be
conducted in classrooms. Cronin-Jones (1991), basing her assertion on work
completed by Davis (1981) and Barnes (1982) concludes that “in order to understand
exactly what happens to curricula when they are put into teachers' hands, researchers
need to observe lessons, interview teachers and students, and look at the work done
to piece together a complete description of the implementation process” (pp. 1-12).
Gage (1979) specifies that research on curriculum implementation needs to proceed by
observing what teachers actually do with curriculum programs in their own classrooms.

Finally, research implies new roles for educational leaders, particularly
principals and curriculum consultants. Mojkowski (1991) envisions a principal working
as a coach - creating vision, analyzing concerns, providing motivation, monitoring
progress, building communication links, providing encouragement and support, forging
interdependencies, and creating opportunities. Dynan (1985) would transfer curriculum
consultants from the central office to school buildings where they "can work with the
teachers in a school rather than ahead (of them) or outside of them*® (Personal notes
from a seminar at MSU on Oct. 14th, 1985). His observations have led him to believe
that effective implementation of new curriculum will not be possible as long as the
centralized model of curriculum development is maintained.

An Overview of Curricula Developed for the Poorly Motivated, Low Achieving
Science Students

One of the earliest attempts (1962) to develop a program for the low achieving
science students was Patterns and Processes by the Biological Sciences Curriculum
Study (BSCS). This was an attempt to introduce the inquiry method using highly

structured teaching strategies in which information was presented in small sequential
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steps. The attempt was made to include variety in the form of lab investigations,
demonstrations, short readings, linear programmed material, class discussions, and
written review material. The reading level of the material was purposely kept low to
avoid frustration. The text included five units which means that students did stick with
one topic for at least six to seven weeks (BSCS, 1985).

However, in spite of the new content and the attempt to introduce the
processes of science to the poorly motivated, low achieving science students, testing
indicated no significant difference in either achievement or interest between students
using the BSCS Patterns and Processes and those using the traditional text based
program (Lorenzo & Lisonbee, 1963; Liebherr, 1966; Welford, 1969).

During the early 1970's, a number of attempts were made to develop curriculum
for the less-able science students both on the local and on a commercial level.
McGraw-Hill published A Man-Made World in 1971 with the assumption that science
should be fun, easy, and apply directly to the lives of students. It was organized under
some broad themes as modeling, decision making, feedback and stability. However,
like most commercial published programs, evaluation was neither planned or
completed, and consequently contributed little to long range understanding of science
for these students.

Interestingly enough, another commercial textbook that received national
prominence and wide acceptance has very little written about its development and
even less research about its effectiveness. Investigations in Science (IIS), by Wong
and Dolmatz, operates on a philosophy of great variety, both in activities and content.
A topic will normally be treated for about five lessons, and then changed. The program
is designed for students to complete investigations daily, but personal observation

indicates that many teachers use the textbook as a content guide, omit the lab



32

portions, and fill in missing information by lecture. Most of the investigations are too
short-term to permit the designing of real science investigations, collection, and
analysis of data. Not only were the units designed to be short, but even the lessons
were conceived with the Wong philosophy of *the longer the lesson, the higher the rate
of failure (Wong, 1978). To keep students from getting lost, the text integrated reading
material, investigative procedures, and discussion questions in the same text. To keep
students from getting bored, the text was written with slang, profusely illustrated, and
structured around the here and now. However, the objective to increase the success
rate of students has been counter-productive to a certain degree. Some students feel
that the IIS program is an affront to their dignity, "treating them like 6th graders*
(Teacher interview, 6/27/89, Record # 189).

Even though this program does provide many topics of high interest, my
personal belief, based on teaching the course myself, is that is does not really
effectively teach students the processes of science or allow them to use their own
creative abilities. This was further substantiated by Mrs. Krauss in the study at
Western High who claimed that there is not enough content in the program and
additional material is needed and will have to be added by the teacher (Liske, 1989).

Another curriculum project during the early 1970's entitled Intermediate Science
Curriculum Study (ISCS) was written with the hope of meeting the needs of all
students in the classroom by allowing individual pacing in the progress of students.
This program, designed for grades seven and eight, was completely student centered
with all concept development emanating from daily lab work and developed with a
series of questions in the Student Activity Book. A complete set of activity materials
was supplied with the written materials and allowed the simultaneous and independent

operation of different investigations. Over $3,000,000 was spent in the development
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and implementation of this program and by 1977 reached second place in adoption of
textbooks used in junior high school. However, the management of materials and the
need for continuous correcting and record keeping made it very difficult for a teacher to
effectively teach this program without a full time aide in the classroom. Consequently,
in most cases it has again been replaced by traditional textbooks.

Evaluations of the ISCS program and its high school successor and equivalent
Individualized Science Instructional Systems (ISIS) indicate that individualized science
is not the solution to education for the low ability students. A study by Burkman et al
(1982) shows that individualized science favors the high ability students, with Howe &
Stanback (1985) reporting that achievement is more related to students' reading and
math level. Additionally, their study identified success as being more related to the
competency of teachers than to the curriculum design. Using formal testing
procedures, this study reported no significant difference between ISCS materials and
traditional textbooks in student achievement, student attitudes, or critical thinking skills.

One program that has given some insight and direction to the present
development of curricula for the poorly motivated, low achieving science students is
the DISCUS program developed at the University of Florida (Bingham, 1968; Bingham
et al, 1970; Bingham & Bridges, 1974). The development of this program was based
on the premise that educationally deprived students have had limited experiences both
socially and experientially which has inhibited their conceptual development. Thus a
program for these students will need to include concrete materials and relevant events
that relate to their present and past experience. To help these students overcome a
feeling of fatalism, dependence, and inferiority, the investigations were structured
around directed inquiry rather than unassisted discovery. To help students

contextualize the material, these investigations involved students in actual generation,
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collection, and interpretation of data. Small group work was used to structure activities
and to allow actual student involvement in both the collection and analysis of data.

The success of the program was measured on various dimensions (Bingham,
1974). The Teacher Practices Observation Record (Brown, 1968), upon analyzing
video tapes, showed an increase in active student involvement, less need for
discipline, and more student directed activity than groups not using this program.
Achievement was measured by the Sequential Tests of Educational Progress (STEP)
and indicated that treated groups achieved more than non-treated groups. Attitudes of
both teachers and students were measured by written paragraphs, response to
pictures, and in using the Battle Student Attitude Scale (Battle, 1954), and indicated
that the treated groups developed a more positive attitude toward themselves and
toward school personnel.

The success of this program was attributed to a variety of factors, of which the
teacher training course may have been the most important. Teachers were trained to
pre-teach material necessary for functioning of small groups, assist students during
the lab sessions, help students analyze the data, and develop concepts from this data.
Secondly, the use of concrete experiences, and directed inquiry with actual data
collection, analysis, and the group development of concepts helped make science
meaningful to disadvantaged junior high school science students.

An interesting variation of a science curriculum program for unmotivated
underachievers was developed in England with a design to teach science in breadth
rather than depth. The assumption was made that most of these students would end
up on the unskilled or semiskilled labor force and would have increasing leisure time
due to coming automation. Primary goals of this course, Science for Leisure and

Science for Citizenship, included preparing students for increased leisure time and
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participation as citizens in society. In support of these primary goals, the development
of competence, cooperation, and confidence became secondary objectives.

Twenty-four modules, each six week in length, were developed on topics
chosen by the teachers and students. Students were given a choice of modules, but
were required to complete four modules per year. These modules integrated science
from various disciplines and included titles such as Motor Car Science, Cooking,
Science, and Gardening Science.

Unfortunately, formal testing to evaluate the effectiveness of this program is not
available. Students did complete the Combined Science Examination and teachers
completed a Module Terminal Report. Results were not reported and apparently were
used only for final student grades and assessment. An interesting dimension would be
further information on attendance. At the beginning of the project daily attendance
averaged between 60-65%, with attendance on Friday between 45-50%.
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