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CHAPTER I
INTRODUCTION
Background

The emphasis given to experimenta'lbvproblem-solving skillg in science curriculum
innovation has not been matched by the devélopment of ,Corripatible assessment tools.
Ross and Maynes (1983) suggested that innovations in North American science curricula
over the last 20 years stressed, among other things, a shift away from replicate knowledge
as thé prime end of instruction to an emphasis on inquiry, scientific processes, and
problem solving. "‘Doing. science” in the 1980s was a first-order priority, but for some
reason the assessment of science made few strides toward any meaningful type of change.
Padilla and Okey (1983) described research studies conducted in the seventies that imply
there was a direct correlation between the integrated science process skills and
intellectual development. Yet few, if any, of these researchers indicated ahy major
change in the assessment process.

According to Kamen (1996)‘f6rma1 research mvestigétion lacked the perspective
of what really happens when a classroom teacher attempts to implément'new assessment
strategies.. He stated factors contributing to the successful implementation such as
administrative support, close contact with parents, collaboration with university faculty,

teacher’s ownership, and the flexibility to try a variety of strategies are not adequately



addressed. Kamen (1996) noted that numerous articles were published that make
practical and theoretical arguments for the use of a variety of assessment strategies to
gain a better picture of what children understand. With the endless array of articles
advising teachers to incorporate authentic assessment into the elementary science
classroom and the lack of research into teacher implementation, there is a need for formal
research examining the use of authentic aSsessméntv in the middle schoql classroom as
well. For this study the following shall be used as the definition of authentic assessment

Worthen in Kamen (1996 p 860) states that:

Alternative assessment (which includes direct, authentic, and
perform_ance assessment) is described as having two central
features: first, all are viewed as alternatives to traditional multiple-
choice, standardized achievement tests; second, all refer to
examination of student performance on significant tasks that are .
relevant to life outside of school.

The National Science Educatioﬂ éampler (1992) emphasized that the findings of
research on studént motivation also ha;e iinpactéd stfbngly on the deSign of the school
science programs. It was shown that &iséussion was important in the development of
understanding. The “quote” incorporation of discussion has ﬁansformed a class from a
collection of individuals sitting in a classroom to a community of learners seeking a
common understanding. . Individuals péiticipating ina discussion have communicated
their observations and interpretations of the natural world to their peers, and in so doing, -

test the extent to which their points of view were shared commonly.
According to Kjoémslif and Jorde’s (1992) article Kamen (1996) described their
bdiscussion‘ of the need to develop instruments that go beyond testing factual information.

The instruments assess how children are learning science and provid information on

possible misconceptions. Hein’s (1991) article reviewed by Kamen(1996) challenged the



use of multiple choice and short answer tests—just one point on the continuum of

assessment of science achievement.

Dana’§ et al. (1991) quoted by Kamen (1996) suggested a constructivist
epistemology about knowledge supported the need for assessment strategies that invited
individual expféssion of a student’s unique understanding of a science concept. Wiggins
(1990) quoted by Kamen (1996) added the following abstraction about assessment:
“Decontextualized assessment suffers ﬁorﬁ a lack of validity. We cannot be said to
understand something unless we can employ our knowledge wisely, fluently, ﬂexibly;

and in particular and diverse contexts.” (p; 860)

Mclntosh (1996) indicated that challenging alternative conceptions while heiping
students to clarify and understand new information require more than student-student and
student-teacher interactioﬁ. McIntosh (1996) has cited the NQE_S as an éid to refocus the
content of his course. In so doing he still considered the priority of addressing the
fundamental scientific concepts and principles of the disciplines at the same timé
assigned greater emphasis to presenting information within a context of students’
collaboration to solve complex problems that allow students to demonstrate

understanding and information transfer.

Motivation has been one of the rationales for including in the science currigulum
the history, nature of science, and examples of the contributions of other cultures to the
growth of science information. The student’s discovery of the offering of other cultures
to the growth of scientific understanding contributed to the student’s discovery of science
as a basic drive of man to understand the natural environment and as a common human

curiosity that existed in all ethnic groups and cultures. Most of all, the motivating power



of relevance hés been the basic factor in which science is organized around the theme of
decision-making. Students were more engaged in learning science when they fully
appreciated its relationship to their daily 1i§es. The question is how tb assésé the
understandiné of the relationships betwéen science éo'ntent and everyday liveé. Perhaps
this can t;e addressed more siihﬁly as the assessment of human cu'riosity and
understanding.

The NSES suggest the.need. for equality of aésessment practices; In the past
assessments were the pfimary feedback mechanisms in the science edu'cation system.
Through assessfneht students were provided §vith féedbéck on how well they are meeting
teacher expectations. Research bn aésessment has demonstrated that teachers wefe
provided feedback on how well their students were learning, school districts were
provided feedback on the effectiveness of their teachers and programs, and policy makers
were provided- feedback on how well poliéies were working. By identifying fundamental
charactéristics of exemplary assessment practices, the NSES serve as guides for
developing assessment tasks, pfactices, and policies. |

As science educators were changing the way they thought about good science
educaﬁon, educational meas,uremént specialists were acknow1¢dging change as well. The
importance of assessmeht to coﬁtemporary educational reform had catalyzed research,

development, and implementation of new methods of data collection along with new

ways of judging data quality. The National Science Education Standards A Sampler
(1992) emphasize these changes in measurement theory and practice.
Sternberg (1992) stated that current tests, inadequate though they may be, largely

responded to the demands of test consumers. However, these demands have shown some



signs of changing and the time has come for test publishers to take these signs seriously,
rather than continuing to produce products that represent superficial change.

From a marketing standpoint recent developments indicated that cemputerized
testing, quick fix tests and cognitive batteries were -ceming of age but fill many
marketable skills. Computerized testing required for tailored testiﬁé is not available in
most schools. Fora nurﬁber of years, the market appeared to be indit:athg that |
computers were the direction in which' things were going, yet compltterizeti testing has
' not yet arrived on a broad scale to date. Most schools de testing at tﬁe same time}and few
schools have enough computers 50 that everyone can use a computet at the same time.
The vérying abilities of students computer skills bésed on those .who»do and do not have
computers at home could have cause testing bias, as might the lack of teachers who know
how to use computers for testing might also be a problem. “Quick-fix tests” promised to
eliminate racial bias and differences but do so at the cost of emphasizing measurement of
abilities were rether peripheral to most conceptiotls of intelligence. “Quick fix tests” may
have appealed to some market segments, but they are probably even less scientifically
defensible than what was currently on the market. Cognitive psychelogists attempted to
construct test batteries on the basis of current cognitive theories. Tﬁe subtests of the
batteries were not even correlated substantially w1th each ether, mueh less with external
criteria. Sternberg (1992) suggested that basic elementary cognitive processes were not |
correlated well with other things over a 100 yeats ago, and they still are not today.

Sternberg (1992). described the efforts of Howard Gardner et all (1988) in their
varioué projects such as SPECTRUM and.PROPEL. SPECTRUM has relied heavily on

subjective assessments of students’ interests and abilities over the course of a long period



of time such a year. The assessments were obviously highly subjective, extremely time-
consuming with regard to gathering data, expensive, and highly confounded. PROPEL
made heavy use of portfolio assessment which, in the current state of the art, was
probably more relevant in measuring achievemént than in measuring ability.

Palirand (1996) identified a retrieval system for students’ mental receptacles that
no longer provided supbort for the old position that students absorbed and processed new
materials in a form that was essentially identicél to that in which the information was
originally presented. This old view of learning and knowledge was sufficient in the past
when what was known changed very slowly. But, this was no longer the case due to the
information explosion. Assessment when used to evaluate a students explanation or
discussion of a concept provided a window into a student’s thinking as he or she
demonstrated understanding by explaining phenomena. This process also enabled the
teacher to determine how the student had organized his information. -

Kirst and Mazzeo (1996) described learning assessment processes as undergoing
many conflicts. The California Learning Assessment (CLAS) pioneered new forms of
assessment. Yet, parent groups, the governor, feligious groups, boards of education, and
the California Teacher Association all raised objections to assessment during the 1993
implementation. |

The CLAS case illustrated some of the difficulties involved in large-scale
transformation of state assessment systems. Advocates of performance-based testing
were provided with an exemplary case of the difficulties of moving policy toward more
“authentic” forms of assessment and away from the measurement of basic skﬂls through

multiple-choice exams.



The NSES (1996) continue to emphasize a shiftto “authentic assessment.” This
called for exercises that closely approximated the intended outcomes-of science
education. Authentic assessment exercises required students to apply scientific
knowledge and reasoning to situations similér.to those they would encounter in the real
world as well as to situations scientists would encounter.

The NSES (1996) provided criteria to judge the progress toward the science
education vision of scientific literacy for,.all students. The assessment standards described
in the NSES should be used to improve classroom practice, to plan curricula, to develop
self-directed learners, to report student progress, and to research teaching practices. The
assessment standards provide a process for identifying fundamental characteristics of
science assessment and provide a variety of process for the implementation of these
standards. This research is focused on determining how Oklahoma City middle schools

are beginning to implement the NSES for assessment. .~
‘Stat'ement of the Problem

In what ways are Oklahoma City metropolitan area middle school teachers
implementing Assessment Standard B, Part 1 of NSES? This standard focuses on “the
ability to inquire” and “knowing and understanding scientific facts, concepts, principles,

laws, and theories™ also known as the Nature of Science.



Purpose of the Study

The purpose of thie study was to identify many of the geod teaching behaviors
and assesénxent prac-ticzes. tnat are being used by middle.schodl teachers in Oklahoma
City. Many science teachers have used inquify nrocesses to teech students principles,
facts, and laws. Subsequently, students were then assessed by standardized tests over a
few isolated facts that often failed to give a true picture of what science students were
actually capable of adﬁeviné much less of wnat they had truly learned. This study was
designed to identify héw nﬁddle echool science teachers determine what their students

really have learned though inquiry processes known as the nature of science.

Definitions of Terms

AMERICA 2000: A project that was a bold, comprehensive, and long-range in
1990 to move every eemmunity m America toward the ﬁational Education Goals adopted
by the President and the governors in 1990.

Assessment: A task or series of tasks used to obtain systematic observations
presumed to be representative of educational or psychological traits or attributes.

Assessment standards: The science education assessment standards that were

presented in Chapter 5 of the NSES as criteria for judging the quality of assessment
practices. -

Attitudes and disposition: Curiosity, reflection, pleasure in understanding and

empowerment to participate



Guided inquiry: A process that involves everyone in a learning situation agreeing
to resolve a certain question. (The process may take the forms of, “What would happen
if”.) -

Habits of mind: Intellectual honesty, skepticism, tolerance of ambiguity,
openness to new ideas, communication and sharing

Inquiry: Those processes in sciencé that teach about the nature of science. It is
the activity process involved in learning science that begins with asking a question.

NSES: The published results of a project that was designed to bring together the
scientific community including the National Scienc¢ Foundation, the Nationai Research
Council, the National Committee on Science Education Standards and Assessment, the
National Academy of Sciences, the National Académy of Engineering, and the Institute
of Medicine. These groups have worked to develop a consensus that -emphasizes anew
way of teaching and learning about science that reflects how science itself is done,
emphasizing inquiry as a way of achieving knowledge and understanding about the

world.

The National Research Council: " A council organized by the National Academy
of Science in 1916 to associate the broad community of science and technology with the
Academy’s pﬁrposes of furthering knowledge and advising the federal government.

The Nature of Science: A domain of science that inbluded modes of inquiry,

babits of mind, and attitudes and dispositions.

Modes of Inquiry: A person’s ability to formulate questions, plan experiments,

make systematic observations, interpret and analyze data, draw conclusions,

communicate, and obtain an understanding of inquiry.
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Non-traditional assessment themes: Assessment processes associated with the
NSES such as portfolios, rubrics, performance assessments, demonstrations, and
discussions, etc.

Project 2061 Science for all Americans: A set of recommendations by the

National Council of Science and Technology Edueation on what understandings and

habits of mind are essential for all citizens in a scientifically literate society.

Science endorsement: The state certification that a person in Oklahoma receives
to teach science whenever that person does not have a degree in science. Usually the
endorsement includes having eighteen hours of science core classes, which can be
basically all introductory level science courses. The science endorsement usually
qualifies the individual to teach science in a middle school.

A science degree: Completion of at least thirty hours of a particular science
degree with more than one/half of the hours including upper level science classes. -

Secondary science certificate: A certificate of completion when a person who has

a major in a particular science area accompanied by a degree in education.

Traditional assessment themes: Activities used to assess science learning . These

activities have been typically designed as true/false, multiple choice questions, and essay

questions.
Significance of the Study
This descriptive study was designed to identify fundamental characteristics of

assessment as recognized by the NSES that were being used in Oklahoma City middle

school classrooms. American Association for the Advancement of Science (AAAS)

(1989) has described the cascade of recent studies that has made it abundantly clear that
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by both national standards and world norms, the United States education system is failing
too many students-and hence failing the nation.

AAAS (1989) stated:

Reform is needed because the nation has not yet acted decisively enough

in preparing young people especially the minority children on whom the

nation’s future is coming to depend, for a world that continues to change

radically in response to the rapid growth of scientific knowledge and
- technological power. (p. 3)

The possibility existed that middle school science students were being taught
through one procéss and then tested by stahdardized tests that in vno way feﬂected process
skills that middle school teachers knew to-’be necessary for inquiry learning. When
middle school students were provided with a standardized test containing thirty isolated
questions coverihg the »whole field of science, and success on fhat test determines how
much they knew, somethjﬁg suggested that perhaps statistics creatéd by the student’s test
scores were somewhat unreliable. |

The information derived from this study will enable students, parents, teachers;
administrators, and policy makers to determine what areas of reform are being
implemented and will provide the information needed to assess scientific ]iferacy through
new standards of scientific education assessment. The NSES have suggested that science
literacy is of unprecedented impbrtance. First, it is important because an understanding
of science offers personal ﬁJlﬁlhnenf and excitement. Second, it is important because
Americans are confronted increasingly with questions in their lives that require scientific
knowledge and scientific ways of thinking for making informed decisions that will in the

" long run benefit the individual. Business communities have been asking for entry-level

workers with the ability to learn, reason, think creatively, make decisions, and solve
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problems. Concerns regarding economic conditions necessitated the importance of an
educational system that enabled mankind to keep pace with global competition. The
design of this study enabled the duplication of its use throughout the states as one of the

first attempts to document how schools are beginning to’irnpleméhi the NSES.
Assumptions

The following éééumptions were made in this study:
1. All of the participants in the study have been full time middle school science
teachers in the Oklahoma City Public Schools during the 1996-1997 school year.

‘2. The fact that all of these teachers had a science endorsement or a secondary
science teaching certiﬁcate-Was assumed to somewhat standardize thcﬁ background
knowledge into the two categories that could be used to identify themes.

3. All of the schools contained a population of approximately 800 to 900
students. |

4. Each school’ s population included Hispanic, Black, Asian, and a minority of
white students. |

5. Teachers would vary in the number of years of experience in the teaching
profession ,.yet the number of .’years of experience should not reflect an effect on the
change toward use of the NSES. The study assumed ihat all teachers have had some type

of access to either verbal or written information about the NSES directed at assessment.
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Limitations

The focus of this study was limited to those participants who teach middle school
science in the Oklahoma C1ty Public Schools. The data was used to determine if the
teachers have used the NSES for assessment as a part of their curriculum. The study was
limited to evaluating activitigs _’that reflected the NSES for assessment. The time frame
included only the 1997-98 school year. Since ‘_our nation has only recently begun setﬁng
national scjence education goals and developing standards to meet them, the length of
time since the NSES have been published will determine limitations to this study. This
type of research was limited to those, who were committed, to the strategiés associated

with national science education standards reform.
Organization of the Study

An introductioﬁ of the research was speciﬁcéliy organized in Chapter I to idéntify
those aspects of teaching behaviors and assessment that were reflected in Assessment
Standard B, Part 1, of the'N§E§. These are described as the “ability to inquire” and
“knowing and understanding scientific facts, concepts, principles, laws, and theories.”
Included is the statement of the problem, purposes of the study, deﬁnjtions of terms,
significance of the study, assumptions and limitations of the study. Chapter II of this
study identified several important precursors to the NSES. It described how educational
reform determined that learning science was something students do not something that
was done to them. The conclusion focused on assessment practices that were used with
active learning processes. Chapter III described how the research was conducted and

how the data was analyzed to determine if the Assessment Standard B, Part 1, of the
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NSES for assessment have been implemented in'the classroom. Discussed are the -
participants, the instrumentation, design of the research, and how the data will be
analyzed. Chapter IV included a discussion of the research participants, and an analysis
of the data.. It looked at themes determined by the responses of the participants to the
questionnaire. Chapter V provides a summary of the research. The chapter was divided
into two sections: one, thé -conclusion; and second, the recommendations that aie made

from the interpretation of the data.



CHAPTER II
REVIEW OF RELATED LITERATURE
Introduction

The review of the literature supported the concepts of Assessment Standard B,
Part 1, of'the NSES. “Achievement data collected focused on the science content that is
most important for the students to learn” is the foundation of this standard. The
assessment activities suggest a method of implementing different aspects of the NSES.
The review of the literature conceded the following three things. First, expectations for
irnplemsntation of the NSES must be developed from the concépt that writings about
reform in science education revealed very little relatedv to a change in how we assessed
science learning. Second, the consensus approach represented a valuable means for
identifying critical understandings about assessment. These assessments are needed by
middle school science teachers to assess a student’s “ébility to inquire” and to determine
the best assessment process for determining how students demonstrated knowing and
understanding scientific facts, concepts, principles, laws, and theories. Third, the nature
of certain philosophical, psychological, and materié.l support systems have served to

either assist or impede the implementation of the assessment aspect of the NSES.

15
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A Historical Look at Standards

Andersen (1994) described sciegpq Veducavtion reform as a tqpic that has gained
increased exposure in such proposals as Scope, Sequenpe, and Coordination Project and
Gpals 2000. | He characterized the efforts to maximize science teaching and learning
experiences as beginning more than 100 years ago. In 1893, the National Education -
Association (NEA) commissionéd a group to stud_y Fhe science curricuh;m in forty
“typical” secondary échools. This group réported that many of the forty science courses
were taught ‘for such a short period of time that relatively little value was received by the

students.

The NEA established the Committee of Ten. They were charged with the task to
develop recommendations for restructuring science curriculum in schools. Andersen
(1994) quoted three recommendations that: were made by this committee according to

Krug in 1969:

e There should only be four science courses taught in the secondary school;

e These courses should be taught in ihe following sequence beginning in the freshman
year and continuing thr‘oughA the senior year; freshman—physiography;
sophomore-biology; junior-physics; and senior-chemistry;

. ‘Science should be taught all year dunng each of the four years.

This Layer Cake Curriculum was developed by the Committee of Ten strongly resisted

any attempts to change it. The Commission of College Physics convinced the Committee

of Ten that physics was such an abstract subject that it should not be taught until students
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had a more mathematical background; therefore, so physics became the senior science
curriculum study.

Andefson(1994) described John Dewey’s theories on how children learned best
through direct experience, through being allowed to cultivate their natural curiosity, and
through taking responsibility for their own learning. Those schools that attempted to
implement Dewey’s ideas were unable to sustain his intellectual and pedagogic vision.
Andersen (1994) stated that Dow in 1991 described t1>1e‘ so-called “Progressive
Education” that followed was often a diluted curriculurﬁ_ filled with trivia causing Déwéy
to disclaim muéh of the educationallpractic‘e his writing had inspired.

* Andersen (1995) depicted the followiné fifty years as demonsfrating little
movement from teaching science as a body of knowledge, or from fhe notions that the
function of the 1aboratory was to substantiate what the students had already learned.
Andersen (1995) further described th e initial effort led by the Physical Sciences Study
Committee (PSSC) supported by the National Science Foundation in 1956. The changes
that this committee desired were so fundamental that the leadership demanded a fresh
start, not a revision of the status quo. He described the PSSC as the first to incorporate
inquiry labofatorics into the curriculum, thereby leading all other science curriculum
reform efforts in the nation. |

In the 1960s, Andersen (1995) attriBUted the changes in science education.to
Jerome Bruner’s (1962) emphasis on four major themes. First “the teaching and learning
of structure rather than simply the mastery of facts and techniques is at the center of the
classic problem of transfer.” Second, “...our schools may be wasting precious years by

postponing the teaching of many important subjects on the grounds that they are too
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difficult.” Third, “Intuitiife thinking, the training of hunches, is'a much neglected and
essential feature of productive thinking, not only in the formal academic discipline, bt1t in
everyday life.” Fourth, “The teachers are the pringipafl agents of instruction, not the
teaching device.” The Woods Hole Conference encompvassed the philosophies of the
country’s most eminent scholars whose major ft)cus was improving science education in
primary and secondary schools.

The results of the conference forced -edu(::étors. to realize that téachers would have
to be trained. The majority of the science teachers had‘ not been trained in inquiry nor
had they even seen curriculum materials that int:orporateci Btuner’s themes. VA number of
National Science Fourtdations sponsored summér and academic year institutes which
began to fill teachers up with more “good> science” content exhibiting very fe\;l
opportunities to learn about and practice scientific 1nqu1ry ‘New science curriculum was
now available but only about half of those using it taught science in a manner consistent
with theA developing of the materials. No consistent leadership provided for training
teachers or curriculum specialists on how to assess the Itew focus on learning that
teachers were to have implemented. |

Padilla and Okey (1983) described Gagne’s (1965) work arguing that acquisition
of the science process skills should be a major goal of science insttuction This |
viewpoint had been accepted and was reflected in curricula developed specifically to
reflect on the integrated process skills of hypothesizing, identifying, and controlling
variables, defining operationally, interpreting data, and experimenting. Again, no
references were made as to how teachers were to assess these newer concepts of science

learning.
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Andersen (1994) described the scientific community through Dow’s (1992) ‘
portrayal of the tone of the period surrounding Sputnik as stirhulating more practicing
scientists to become involved in science curriculum reform than at any other time. He
described Jerrold Zacharias (1969) and his colleagues wifh the following quote:

If children could not understand something they (the developer) were trying to

teach, they assumed that it was they who were not clever enough, not the children.

The scientists realized that “to be maximum effective, the lesson must stir the

heart as well as the head.(p. 50 )

Zacharias (1969) continued to develop eurricula_ Many of the other scientists returned to
their laboratories when Congress withdfew their support of the NSF. State authorities
developed long lists of things that students should learn and teﬁtbook companies
responded by collecting the lists and de’sig:ning textbooks that satisfied everything by
including atb- least one line about every fact on the state list.

Faison and Schlagel (1998) conducted a visual check of all the science
departments in the Oklahoma City Schools. The researcher viewed 300 photographs of
the general conditions of the science classrooms, science equipment, and supplies.
Photographs included sinks that were no longer connected to drains and sinks that were
beyond use. Most of the equipment and lab tables had been purchased around the time of
Sputrﬁk when an emphasis on science prox}ided funding for sucﬁ ‘needed items. The lack
of materials and equipment was the most commonly reported theme. At this point Faison
and Schlagel (1998) have identified a commoﬁ problem among inner city schools and in
fact a common problem where lack of science leadership demonsvtrate.‘s unequal access to
leaming science.

The NSES (1996) completed this historical look at endeavors for standards by

listing their important precursors. Inthe 1980s the American Chemical Society (ACS),
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the Biological Sciences Curriculum Study, the Education Development Center, the
Lawrence Hall of Science, the National Science Resources Center (NSRC) and the
Technical Education Resources' Center all developed innovative science curricula. In
1989, the American Association for the Advancement of Science (AAAS), through its

Project 2061, published Science for All Americans which defined scientific literacy for

all high school graduates.. The National Science Teachers Association (NSTA), through
its Scope, Sequence & Coordination Project, published The Content Core. In-1983, a call
for reconsideration and reform of the United States educational system was prescribéd in

a book called A Nation at Risk.- Andersen (1994) concluded that critics seemed resolved

to write more reports about the poor state of science education.

Andersen (1994) ventured to suggest that the documénts which appeéred to really
invigorate the reform process were.Jacobson and Doran’s (1989) “Science Achievement
in Western Countries,” American Association for the Advancément of S(;,ience

(Rutherford1989), Project 2061: Science for All Americans (1989), and Aldridge (1989)

“Essential Changes in Secondary School Science: Scope, Sequence & Coordination.”
Bybee and Champagne (1995) .stated that the significance of ;cience teachers was aiso
recognized in the assessment standards, recommending greater opportunities for teachers
to employ their professional discernment about students’ understanding of science and
the quality of science bro grams and teachers’ methods. Recognition. of the fact that
assessment standards were not examined was paramount to Bybee and Chainpagne
(1995) in that the standards present a vision of change and improvement for science

education and goals for student achievement.



21

Implications for Science Teachers

Bybee and Champagne ( 1995) believed that science teachers must have advocates
in their formidable task of implementing the NSES. The burden for the unprovements
nnphed by the national standards cannot be placed on science teachers in elementary,
middle, and high schools. It was easy to recognize the changes that must occur in the
science currlculum, the teaching methods and n assessment practlces that w111 ahgn the
curriculum with natlonal science standards, but the charge was a great respon31b1hty as
are the changes too extensive for teachers to assume responsibility w1thout support. The
total education community including school admirlistrators, scientists, legistators, and
parents must become involved, but science teachers must assume part of the leadership

needed to achieve the vision and goals of the NSES.

The NSES suggested that these assessment standards can be applied_equally to the
assessment of students, teachers, and programs; to formative and summative assessment
practices; and to classroom assessments, as well as large scale extemal assessments.
Assessment was a systematic, multi-step process involving the collection and

interpretation of educational data.

In this new view, assessment and learning were identified as two sides of the
same coin. The methods used to collect educational data define in measurable terms what
teachers should have taught and what students should have learned. When students
engage in an assessment exercise, they should have learned from it. The Natiorlal

Science Education Standard’s (1996) view of assessment placed greater confidence in the

results of assessment procedures that sample an assortment of variables using diverse

data collection methods, rather than the more traditional sampling of one variable by a
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single method. Using the NSES, the ability to inquire, scientific understanding of the
natural world, and the utility of science were measured using multiple methods such as

performances and portfoIios as well as conventional paper-and-pencil tests.

_Authentic Assessment for Intended Outcomes in Science

Ross and Mayne‘sv (1983) ha?e qﬁestidned the kinds éf measuring dévices that ére
required for the function of measurement. The value of measurement deﬁces should
have been. ju&ged by th¢ extent to whicﬁ the data they generate indicate hnproveﬁient in
the experiences of students in schools. The absence of an appropriate péper—and-l;encil |
instmmen’_c to méasure experirnental problem-solving skills has made it inordinately
difficult té -evaluate classroom programs responsive to the reform movement in science
edugation. Experimgntal probiems were not the only type of problem encountered in
sciénce programs; there were also problems that required correiation analysis,

comparative thinking, decision making, and prepositional logic.

Pate, Homestead, and McGinnis (1993) challenged the description of a good
problem solver. They were also concerned with documenting a st'udént’s involvement in
social action, integrated studies, or small-group or whole;glfoup activiti.es; Regular tests,
pop quizzes, and exams given to the entire class made little sense. Using alternative
assessment in integrated curriculum had made sense. Pate et al. (1993) suggested that
Aschbacher and Winter’s (1992) description of performance assessment required students
to actively accomplish complex and significant tasks while bringing to bear prior

knowledge, recent learning, and relevant skills to solve realistic or authentic problems.
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Pate et al. (1993) also have described a rubric as a scaled set of criteria that
clearly defines a range of acceptable and unacceptable performance measurements for the
student and teacher. Criteria was used to provide descrlptlons of each level of
performance in terms of what students w111 be able to do and values were assigned to
each of these levels. ‘Process and content are evaluated equally as.well by rubrics as they
have been by assessment of writing performance, advanced organizers, pértfolios, and in
evaluating district outcomes.  Rubrics h‘ave‘b‘een a useful tool to evaluate student
performance in an integrated curriculum. The flexibility of rubrics had met the needs of

middle school students who desired structure both for security and freedom to try new

things.
Assessment Through Portfolios and Journals |

The recording of these tasks was a direct function of journal keeping and led
directly to portfolios and their cross curriculum inclusion capability. Portfolios had been
used in assessment for Engmge arts, reading, social spidies, math, technology, mass
media, and gifted/talented classes. Teachers had investigated the place portfolio
assessment held in both integrated and interdisciplinary learning. The change to student
centered schools required teachers to become colleagues -on interdisciplinary teams. This
was accomplished by integrated writing skills in all 'su’bjec_ts. Individually, staff members
visualized how to integrate portfolio strategies into their persohal teaching styies.

Writing served as a major tool for providing evidence of student learning. Teachers
provided a self-check list for students of what should be found in the portfolio. They also

included a personal assessment sheet of the portfolio using rubrics to grade the materials
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in the portfolio, how they rated their effort in completing the work, plus an overall rating
of their portfolio. Then, the grade was computed by the teacher and sent home with the
report card. The parents were then asked to respond to the portfolio in writing and return

it to the teachers.
Portfolio Performance

| Portfolios have taken théir place in the asséssﬁent areas, t;ut Martm, Miller, and
- Delgado (1995) have an additional feaﬁue to add 'calied the Portfolio Pefformance.
Students in California were asked to show theif understanding of science through creative
expression, writing, or problem solving.  These students knew that a high level of
accomplishment was expected and were éble to amaze many science educators. A
portfolio was added for biology; chemistry, and coordinated science test of the Golden
State Examination in 1992. About 500 volunteer science teachers representing all
regions of California collaboratéd to develop”and revise guidelines, conduct research, and
outline scoring parameters for the portfolio. This activity provided students with the
opportunity to demonstrate a unique way of showcasing anci constructing pérsonal
meaning projects consisting of cumulative accomplishments. In this activity students had
been asked to submit three poﬁfo'lio entries thh the understanding that each could be
revised and improved to show greéter conceptual understanding in scienc;e.

Three distinct categbn'es were offered for the student poﬁfoﬁo performances. The
Problem-Solving Investigation required students to design and conduct a researéh project.
The project includéd using scientific methodologies such as detailed obsefvation,

appropriate data collection and display, and relevant analysis and conclusions. Real life
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applications to the individual student’s daily life had-been required as a critical
component of this category.

The second cafegory evaluated Creétive Expression of a Scientific Concept and
required studerité to express a scientific thel;lé, idea, or éoncept through the use of art,
poetry, video, or music; The preséntation v;ras required to enhance the expression of the
concept, and the concept had to .be clearly féprésented, not drowned by the wbrk
Studenté submitted a board game, for exam;v)»lxé,- called “SCI or DIE”. Players had to
corfectly answer‘questions about the periqdic properties of tﬁe elements m 6rder to save
the planet. |

A third categorr)rfvdesigned was Growth in Understanding a Scientific Concept
Through Writing. This phase féquired ;tﬁAEnts to deinonstra_te pro gress toward mastery
of a scientific concept, theme, or idea by submitting original and revised writings. In one
classroom, students wrote montlﬂy esséys ori a pérticulai unifying theme of science, and
summarized their learning in a comprehensive essay about their understanding of the
theme. -

Teachers were ﬁained in two statewide workshops focusing on scoring parameters
for the portfolios. Research results demonstrated that female students obtained
signiﬁcantiy highef scores on all segments of the biology portfolio thén did their male
counterparts. In contrast, two of the threé sections of the multiple choice and open-ended
sections of the GSE (Golden State Examination) had reflected higher scores by male
counterparts. The GSE science portfolio proved to provide many opportunities to
investigate how students performed when given a variety of tasks designed to show what

they knew or had achieved in science. Those working with assessment development
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gained new ‘insights about the interrelationships involved in student performance in a

variety of circumstances.
Demonstration Assessments

Radford, Ramsey, arid Deese (1995)' characterized alternative, authentic assessment
techniques such as journals, concept mapping, performance task assessments, and student
- projects as valuable but as time or equipment intensive. Current reform initiatives in -
science education have emphasized the importance of teaching students to be critical
thinkers and problem solvers. The expectation for students to demonstrate science
process skﬂls such as observing, hypothesizing, predicting, and inferring is prioritized as
a process for helping students develop new understanding based on prior knowledge. An
approach that can assess whether students understand basic science concepts and have the
ability to solve problems has required a process that is very different from traditional tests
that primarily measure the recall of isolated facts.

Radford et al. (1995) has found that science demonstration assessments are
valuable tools for assessing students’ critiqgl thinking. and problem solving skills and
their understar}ding of science concepts. A clear understanding of how studénts’ answers
will be evaluated was required before they‘ could participate ina scienée demonstration
assessment. Radford et al.(1995) provided scoring criteria to Studénts in the form of a
rubric, a formalized assessment scale that described appropriate answers for increasing
‘levels of accomplishment. This type of rubric had been used to prepare students for the

assessment and to assign final grades. From these rubrics the instructor gained, a clear
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understanding of a student’s knowledge and ability to apply that knowledge in new

situations in addition to an objective evaluation score.
Rubrlc Asséssment

An increasing number of rubrics have been used as tools for assessment. Rubrics
often state the ideal achievement at the highest level, with progressively lower levels ‘
further and further from the ideal achievement.l Rﬁbrics.demonstrated that high standards
were set and the students knew what was expected to maint_ain this level of achievement.
Students who understand what is eXpepted bf _them are more likely to accorhpl_ish_ morev
because of that understanding. How we have defined suécgss in our écience clasées
defines science for our students 'and thus for much of society. Rubrics help students take
responsibility for their own learning. If expectations are presented in wriﬁng beforehand,
the rubrics have become the standard agaiﬁst which students measure their work. Rubrics
have defined success. Liu (1995) suggested that §ve try to think about the importance of
rubrics as if this class was to be the last science class the student ever took. Liu
questioned what skills will be needed in the future and declared‘ the rubric type skill
evaluation will be of value to | stﬁdenté as they appfoach cbllege or the workplace. |
Additive rubrics allowed students to assume responsibility fof the quantity aﬁd quality of

their work. Additive rubrics also enabled students to see its value beyond the letter grade

received.
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Evidence in Assessment -

Stemberg (1994) descnbed the phenomena that as teachers we often find
ourselves wondering why so few if any, of the techmques of instruction and evaluation
we have used worked for everyone Theoretically, Sternberg worked from the concept
that trlarchic mtelllgence speciﬁed a set of processes that, when applied to familiar |
problems were formally analytic Among these processes were the followmg First
recognizing that a problem ex15ts was cr1t1cal for change Second 1dent1fy1ng the nature
of the problem was necessary. Thll‘d., deciding on a strategy for solving the problem was
required. Fourth, allocating resources to problem solving must be initiated. Fifih,
monitoring problem solving while it is going on involves evaluation. SiXth evaluating the
quality of the problem solving after it is done provides for accountability.

Sternberg described three types of evidence that should have been used in
assessing abilities keeping in mind that it is important to remember evaluation of these
abilities occur for only a given point in time. These included looking at the analytical -
side of thinking, looking at work on insight problems, and looking at evidence found on
tests of practical intelligence. The first kind of evidence identified the analytical side of
thinking. For example, it can be related to how specific and detailed information had
been processed and modeled. These models described how students actually solve
problems such as analogies or syllogisms in real time. |

His theory further suggested that a second kind of evidence had been in process
on insight problems that required students to think creatively and to go beyond the
information given. This evidence demonstrated that students who were good at insightful

problem solving were often not particularly good at more ordinary forms of problem
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solving. In other words, standardized tests had not measured the creative side of
intelligence, a side that perhaps is as important-or more so-than the analytic side. His
third concept included the idea that scores on tests of practical intelligence had not been
correlated with scores on the tests of analytic intel]igence such as standard IQ tests,
SATs, etc. -

Portfolio assessment and performance-based testing described more than cosmetic
attempts to change issues about assessment..-Unfortunately, when tests wére used to test
abilities, the problems of using i:hese approaches were signiﬁcant' in terms of issues of
reliability and fairness. Portfolio and performance tests hgve been more difficult to score
and to demonstrate reliability and if, anything, have been much more su_scéptible to

background differences than are conventional tests.

Alternative versus Performance Assessment

Katilhs, Gnash, and Toss (1993) characterized performance assessment as one of
the many terms (e.g., alternative assessment, authentic assessment) currently in use by
educators to refer to assessment techniques in which students demonstrated their
knowledge, abilities, talents, and understandings in ways that directly represented the
educational objectives of interest. Whil¢ disagreement continued to exist as to what the
essential ingredients of performance assessment included, there has been a definite
consensus of what performance assessment is not. Pérformanceassessment that is not an

assessment set in a multiple-choice format.

Why has performance assessment earned so much attention? Katims et al. (1993)

questioned why an institution like ETS, best known for its standardized multiple-choice
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test, was in the process of developing performance assessment materials.: The answer to
both of these questions has been the same. The stimulus behind the development of
.performance assessment in general stemmed from changes occurring in educational
practices and in the delivery of instruction and cmﬁculum The blurring of boundaries
between subject matter categories emphasized cross-curricular learning. It:also
emphasized ‘more active and collaborative learning roles for students. The trend was-
designed to stress higher-order thinking skills with a concurrent lessening:on the amount

of detail students must retain.

With the active force behind assessment in the schools vtraditionally being policy
makers and governing boards, standardized testing has existed until recently as external
to the instructional process. Progress in the instructional change has called for a
transition in assessment practices to appropriately reflect the learning outcomes in this
new educational environment. Assessments dcéigned to serve the purposes of teaching

and the educational community has desired learning above all other factors.

Ruiz-Primo, Baxter and Shavelson (1993) conducted a study to examine the
stability of scores on two types of performance assessment. They emphasized the idea
that cognitive research, curriculum refortﬁ, and limitations of multipie-choice testing
have all motivated the search for alternative methods for assessing science achievement.
They suggested an alternative to multiple choice testing, congruent with curricular reform
and constructivist learning theories calledvhand-on performance assessménts. For
example, in science a performance assessmeﬁt bhas provided students with laboratory

equipment, posed a problem, and allowed them to use these resources to generate a
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solution. Hands-on testing was administered on a one-to-one basis, and performance

judged inreal time as experts watched students do science.

The adéquacy of the student’s solution providéd a hands-on assessment score as
does the procedures used to arrive at the solution. Although obseryed bands-on
assessment has not been practical on'a large-scale basis due to cost of equipment,
personnel, and testing time, in practice students typically conduct an"i'nvestigation and
record in a notebook their experimental procedures, results, and conclusions. These
notebooks have been scored in roughly the same manner as the actual performance.
Ruiz-Primo et al. (1993) described the research of Shaveleson, Baxter, and Pine (1991)
where the development and examination of psYchoihetric properties of three observed
hands-on science investigations and their corresponding ndteboéks had been analyzed.
These experiments included investigating the absor_bency of paper‘towel__s, the
components of ciréuits hidden in black boxes, and ﬁe preferences of sow bugs for a

variety of environments.

Over a two-year period more than 300 fifth- and sixth-grade students received a
battery of performahce assessments, a traditional multiple choice science achievement
test and a cognitive abilities test. All of the data had been inveétigated on issues of
reliability and validity. Two evaluators scored the students during the first year. During |
the second year, baéed on the results of the former study, only one evaluator scored
students’ performance. A second observer (shadoW) evaluated the perfofmance ofa
sample of students (N between 10 and 20), and interior reliability was estimated on this

sample.
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The results were consistent over the two years. For the observed hand-on

- investigations (a) interior reliability was consistently high for all investigations (<.90)
and varied little by the curricular experience of the students; and (b) interior agreement
was high on procedures students used to conduct the investigation (>.90). This study
addressed three questions. First, is performance generalizable across occasions for the
observed investigations and the notebook surrogates? Secoend, is the estimate of students”
achievement, based on all three investigations, stable across occasions? And third, do

students conduct the investigations in the same way on each occasion?

Ruiz-Primo et al. (1993) suggested that their findings led to the following
conclusions for all three investigations. Conclusion oﬁe is that student performances had
changed from one éccasion to the next G-coefficients for absolute decision had been
consfstent for observed inveétigations and notebooks-on avéfage .48. The second
conclusion suggested that when students’ scores on the individual investigations had been
aggregated to produce a science achievement score, generalizability for absolute decision
had been increased substantially (i.e., .65 and .62 for observed performance and
notebooks, respectively); The third conclusion suggested that the procedures students
used to conduct the investigations changed from one occasion to the next. In general,
their performance was more focused on Occasion 2 than on Occasion 1. This study
examined the stability (test-retest reliability) of performance assessment-observed hands-
on investigations and their ndtebook surrogates. This investigation of the stability of
performance measures adds to understanding how well performance assessments have

described students” achievement. Stability studies have been costly and time consuming
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but the study of stability of performance assessments has rarely been considered despite

its importance.

.An Alternative Final Evaluation

Gondree and Tundo (1996) described their hands-on, process and concept -sk.ills,
and concepts-oﬁentéd'br:oéésses in.fheir classroom. The problem was that their final
evaluation had alwéys been copductéd asa distﬁcifﬁide, general—knowledge exam. A
group of sciénée teachers décidéd two years ago to attempt to design an evaluation that
woiﬂd more éccurately rﬁeﬁéure the knéwledge and skill that their students had gained

throughout the school y¢a1: and not just their ability to take an exam.

This project had to be acceptable to all teachers andequitable for all students. It
had to fit in with the school’s vision and follow the school district’s expectation, and
most of all is able to ménage. This resulted in a general-knowledge test worth 60%; a
laboratory skills section W(-)I;Ii-h 15%; a critical thinking and problem solving skills worth
15%, and a teacher-specific assessment worth 10%. The teachers decided to spread out
the evgluation over a period of time to ensure that students had been evaluated in the

same style and language uSed throughout the year.

The most difficult segment of the assessment attempted to evaluate scientific
critical-thinking and problem-solving skills using a variety of methods. The main goal
had been to have students use scientiﬁc methodology to solve a probiem that they had not
previously encountered. Teachers designed a serigs called Science Sleuths on videodisks
by Video discovery. Students practiced solving the mysteries in class, then teachers

asked them to solve selected mysteries on their own. Also involved in this assessment
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was the process of having students design and perform actual experiments to demonstrate
application, synthesis, and e{'aluation skills. The techniques described by Gondree and
Tundo (1996) had been used before but had now been applied to serve a different
purpose. Instead of evaluating only one objective, the teachers combined these
techniques to evaluate a broadersbectrum of scientific skills. With this approach, every
teaching and learning style was included. - This approach not only emphasized retention
of basic knowledge, but also evaluated a student’s ability to apply that knowledge to new

~ and real scientific problem-solving situations.

Misuse of Assessment -

Hoffman and Stage (1993) stated that schools have b“some science” for “some
students” considering the current situatioﬁ in science education on the elementary and
secondary levels in United States schools. The majority of students in junior and senior
high school courses have been ruled out by a “plethora” ,Of vocabulary that can only be
memorized, not understood. The abstract thinking has been at a level required to go
beyond the intellectual capacity of most young people. Science expectations for
elementary-age children have been dependent on the interests of individual teachers and
only 25% of them had described themselves as “well qualified” to vteaéh science. Thus, |
although 70% of elementary students had stated they were interested bin science, science
enrollment in high School has dropi)ed by more than half each year as students have
entered high schoql.

In order to bring science to all children, several national projects have been under

way. Among these are Project 2061; the Scope, Sequence, and Coordination Project; and
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the N_SE_S Project 2061 has taken a decade to produce curriculum models and blueprints
for teacher education, assessment and other systems that needed change to realize the
vision of ‘Science for alllchildren.” NSTA’s Scope, and Sequence, and Coordination
Project has recommended that Biolo gy, chemistry, physics, and earth science should be
taught each year starting in the sixth grade. Their slogan, “Every Student, Every Science,
Evéry Year.” The NSES has highlighted the best practices of teachers, their curriculums,

and examples of good assessment practices.

Competitive Grading Sabotages Good Teaching

How does authentic assessment vary from competitive gradiné systems?
Krumboltz and Yeh (1996) contributed the idea that students have not been the only
victims of the competitive grading system. Sometimes teacher values have been skewed
and ultimately the éystem robs teachers of the satisfaction inherent in promoting student
learning. This was typically demonstrated by the pride in the bell-shaped curve generafed
from students’ scores on final exams. | |

Assigning competitive grades affected teachers’ behavior in five wz;ys: 1)
students and teachers had become opponents; (2) inadequate teaching mefho’ds have been
justified; (3) course content had become trivialized; (4) methods of evaluation that
misdirected and inhibited student learning had been encoﬁraged; and (5) teachers were
rewﬁdéd for punishing students. Consequently, sorting and ranking students inevitably
created a contentious relationship between students and the teachers when the original
intent was designed as a means of sorting students according to their performance.

Sometimes competitive grading caused controversial opinions about class work. Classes
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in which most of the students mastered the material had been perceived as unchallenging.
| High grades had been often dismissed as “grade inflation,” not as a sign that the teacher
and the students successfully achieved_ their mutual objective.

Haney, Czerniah, and Lumpe (1996) déécribed the state of Ohio’s initiation of its
own science reform movement through the development of a Competency -Basedv Science
Model. The Ohio Model was best illustrated by exﬁlaining the mode‘l’s “Spirit and
Intent” docuinent. The “Spirit and Intent” outlined the overriding philosophies and goals
of science education as being typical of most sciénce reform movements. Their
assessment objectives stated that instructional ahd performance objectives should have
emphasized higher-order thinking skills and complex performances. Haney’s et al.
(1996) study helped to determine the factors that influenced teachers’ intentions to
implement the four strands of the competency based science model. |

This study-had been typical of the compliéations involved m attempting to change
basic educational philosophies that have been in place so long. Results of thlS study
indicated that the attitude toward the ‘behavior construct held the greatest influence of
Ohio teachers’ intent to implement all four standards of the science model. Haney et al.
reminded researchers that previous attempts at science reform had fallen short of
successful change because they had not been systemic in nature and usually had
embodied a top-down model of change. It had been thought that teacher belief systems
had been significant in understanding the teacher belief—intention—behavior relationship.
Teachers perceived that they did not possess the ability to bring about educational

change. They believed that barriers (lack of effective staff development opportunities,
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available resources, administrative organization support, and similar factors) provided

conditions that prevented implementation in any form of educational change.

Assessment and the NSES

The view of assessment of the I_)I_SL§ placéd greater confidence in the results of
assessment procedurés which sample an éssortment of variables using diverse data
collection methods rather than the more iradifiona} sampling of only one variable by a
single method.  Thus, all aspects of science achjeve_ment;ability to inquire, scientific
understanding of the natural world, understanding of the nature and utility of
science-have been measured using multiple methods such as perfbrmanc‘es and portfolios,

interviews, observing students, transcript analysis, as well as paper-and-pencil tests.

A typical assessment activity might have been as fo llows: after an egg drop
activity the studeﬁts each prepared a repdrt on one thiﬁg they proposed in order to have
improved their team’s container and hoW t'he}; would have tested the effectiveness of
their improvement. The report included both a written response and a sketch of the new
design. The teacher used the information to assess student understanding of the process
of design and assign ‘the grade. Aéhjevement in séience must be focused on data
collection based in science content, and assessment must haye a clear relationship

between the activity and type of assessment used.

NSES would prefer the vision of assessment that provided feedback to the
students, teachers, and parents on how well the students were meeting the expectations of
the educational environment. The educators involved in the standards believed that

assessments also provided feedback on the effectiveness of teachers and programs to the
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policy makers which would have led to stimulating changes in policy, guiding teacher
professional development, and ultimately encouraged students to'improve their
understanding -of science. The choice of assessment form should have been consistent
with what one wants to measure and to infer. Asséssment tasks must have been
developmehtally appropriate, must have been set in contexts that have been familiar to
the students, must not have required reading skills or vocabulary that were iﬁappropn’ate
to the students’ grade. levels, and must have been as free from bias as possible. Finally,
assessment tasks shoy}ld have clearly related the produéts of student wqu t§ the valued

goal of science education.

Summary of the Literature Review for Assessment

This review of literature is somewhat limited as the NSES have been available for
such a short time. As state science curriculum adopt these concepts and implement them
into curriculum, the resources for more documented information will become more
available. This review acknowledged that the nature of certain philosophical,
psychological, and material support systems have served to either support or obstruct the
use of the NSES. Ageneral process needed to‘ exist for identifying strategic perceptions
that weré needed by teachers to implement assessment activiti‘es that were authentic,
performance based. Reflected learning is more important than memorized facts.
Expectations for implementation of the NSES for assessment must have been set in
accordance with a support system that had contributed to the development of critical-
response skills. Prepared students have been able to carefully judge the

assertions-especially those that invoked the mantle of science-made by advertisers, public
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figures, organizations, the entertainment and news media. Students have been challenged
to subject their own conclusions to the same kind of scrutiny so as to become less bound

by prejudice and rationalization.



CHAPTER III
DESIGN AND METHODOLOGY
Intro ducﬁon

This chapter describes the characteristics of the middle school sCieﬁce teachers
and the schools in which they teach. It deséribeS-the instrument, its purpose, and context
as well as the research design and procedﬁres. This chapter also discusses the procedures
used and the analysis of the data. The expected results should be generalizable to most
inner city school systems where teachers who have the opportunity to work in better
conditions, less troublesome teaching atmospheres, andmnew_ buildings have left inner city
teaching. The ggneralizability_of the information learned from individuals, who teach in
inner city schools, should indicate to educators that inner city problems have not even

begun to be addressed in the context of looking at NSES.

The data describes basic assessment behaviors that focus on the inquiry processes.
The analysis of the data was intended to identify teaching strategies that included the
inquiry process and those assessment behaviors that have been used to evaluate these
strategies. These teaching strategies were the results of grouping fesponses given by the
participants as they answered the research questionnaire. Themes from the teacher

interviews have been categorized into six basic areas. These areas include science
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teaching behaviors, teaching observations, teaching the scientific. method; using science

fair to teach the scientific methods, assessment methods, and assessment practices.

Teachers were selected from a listing of teachers obtained by calling the
secretaries of ten Oklahoma City middle schools for the names of middle school science
teachers. All teachers wei‘e contacted via an introductory letter rédiiésting their
participation in the middle school research. Of the fifty-seven letters mailed, six
immediate responses were received and these interviews wel"e completéd over the
telephone or in person at a designated meeting area. Twenty-four additional respondents
participated in the research and the remaining interviews were completed during an
inservice day by visiting with the teachers during breaks and finally by .telephohe
hlterviews. |

The interview consisted of a demographic component with twelve questions and
a questionnaire. The dissertation questionnaire consisted of ten questions focusing on the
nature of science, systematic observations, interpreting data, drawing conclusions, -
assessing science processes skills, communicating conclusions from experiments, and a
discussion of assessment procedures used to evaluate a student’s understanding of the

nature of science.

Data was consistently collected by discussing the interview with the participant,
followed by a process that included reading each question and then recording the |
response on the interview sheet. A tape r‘ecorder was used for some of the interviews, but
some teachers preferred not to be recorded. The first interview was conducted after
school for one teacher. A second teacher came in and agreed to complete her interview at

this time. She did not appear comfortable being interviewed in front of her department
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head and continually gave flippant answers. Both interviews were discarded, and a
decision was made to only interview teachers individually. This gave the teachersan
opportunity to respond more openly. (This reaction was surprising as the researcher had

taught with both teachers and considered them egually exce‘llent teachers.)

Subjecf;sk

The subjects are middle 'schqol science feachers"in Oklahoma City who were
assigned to t‘each in grades six through eight for the 1997-98 school term. The district
science curriculum included a set of three boéks called Intéractions which focuses on life,
earth, and physical science m an interrelatéd scientific approach. All three subjects are
covered in some form each year. All teachers in the study use this specific science series
as their basic science text. |

The Oklahqma City Public School System is a metropolitan district withten -
middle schools. A largé variety of ethnic groups make up the student population
. including Asian, Hispanic, Black, and a minority of white students. Participants were
selected to provide a non bias gender and ethnicity population. More important for this
specific research, teachers were divided into two. science education gfoupings cbnsisting
of secondary science certified and science endorsement.

The schools all range in size from 800-900 students and are found to be in the
middle to lower class socioecénomic status. All of the schools have ra majority of fheir
population on free or reduced lunch. All of the schools were built prior to the sixties and
display the characteristics of aged school buildings. Few have adequate air conditioning

and teachers work under numerous challenging conditions.
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Instrument/Materials

The interview process was selected becaﬁsé‘thé reseércher felt that more insight
into appﬁcations of the NSES would be revealed than if Vt>h‘e participants had responded to
a written questiorinaire. The féSéaicher felt that individuals oﬁep think of other reSponses
when they ére discussing their teaching behaviors.‘ 'Sometimes, when a teacher is asked
to respond to a written questionnaire they rgspond with:brief answers and leave out other

details.
The questionnaire was speciﬁbally designed to gather information, which could
be discussed in terms of the NSES. The interview process involved reading the responses

to the participant and then recording the teacher responsés. All participants were

questioned by a standardized procedure.

This can be further explained by explaining that the questions were read in the
same order each time and that the interviewer did not attempt to lead the teachers to any
specific response. First, two teachers read the questionﬁaire for clarity of the questioning‘
process and er the identification of potential misunderstandings. Second, the
participants were encouraged to make comments and suggestionsvconceming directioﬁs,
recording procedures, and specific items. The cover letter included a commitment to
share the results of the study when completed. Confidentially of the respondents was

also assured.

Two instruments were used in the study. The first instrument was a survey that
asked demographic questions that would help identify gender, teaching experience,

school population characteristics such as ethnic groups and socioeconomic status. See
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Appendix A. This .survey was also designed to help the researcher determine if the
teacher had participated in workshops or experiences that would reflect understanding or
knowledge of the Natioﬁal Scien‘ée Education Standard B, Part 1. The survey also
included identif;iihg‘ the type of sciencé taught by the‘feaéher; the most receﬁt |
professiohal devei;)pme-ﬁt in which the tgacher has participated and a question abqut

whether the teacher had a personal copy of the NSES.V

The second instrument was an interview 'qu'estionna‘ire consisting of ten questions.
See Appendix 1. This was use(i to identify the teaching behaviors and activities used by
the teachers that were specifically “listed in the NSES that would demonstrate use of new
standards to assess sfudents in ﬁ;e inquiry ’pfoceéses. These ten questions’ were designed

to stimulate the teacher thinking about the nature of science.

More specifically, the questionnaire was used to determine how teachers
questioned their students about their uﬁderstanding of process skills before, during, and
after experimenté. The questions were also oriented to determine if the teacher had a
special way of teaching their students fo interpret and analyze data, and td draw
conciusions. In the questionnaire teachers were also asked to express what methods of
assessment they l;sed to évaluate student’s understénding of the nature of science. In the
assessment aspect of the questions, teacher'sbwere also aéked to-describe their phild sophy
for assessing science process skills. This provided teachers with the opportunity to
express personal ovp'inions that might not reflect speciﬁéd séhool’requirements for student

~ assessment.
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Research Design and Procedure

The research questionnaire was designed to determine if teachers had actively
engaged students in the use of hypotheses, the collection and use of evidence, and the
design of investigations and processes as well as assessment. The questionnaire focused
on tﬁese process skills, while attempting to measure how teachers assessed progress
. toward knowing and understanding scientific facts, concepts, principles, laws, and
theories. Therefore, results might be consistent ﬁth the spirit and character of scientific
inquiry and with scientific values. Finally? the reseaic_her éorrelated those assessment
aspects of the NSES that were reﬂebted in the science process skills assessed by the

middle school teachers.

Thé process overall determined who had been using the standards, who had been
taught by the standards, and where the standards had been implemented, thereby
determining in what ways these standards had been used. The demographic section of the
questidnnaire reflected information that is characteristic of many metropolitan areas

found across the United States. |

Procedures

A list of science teachers was obtained by calling -each of fhe tén schools and
asking the secretary for the names of each of the science teachers. From this list, fifty-
seven packets consisting of a letter that explained the research, a request for their return
of the informed consent form, a copy of the demographic survey and the fesearch

questionnaire. If the personal interview could not be arranged, then participants were



46

asked to respond to a telephone interview where information given would be recorded on
a narrative sheet. Participants were asked to return the informed consent form in the self-

addressed, postage paid, return envelope at their earliest convenience.

Participants received ipformation about how the data was to be used and were
offered an opportunity to have reSﬁlts shared wifh them. Seven informed consent forms .
were received back immediately. The résearcher followed up this invitation by calling
the teachers and arranging a time for the scheduled interview. Twelve teachers were
interviewed in an interview session and eighteen teachers were interviewed through

telephone participation. -

Analysis of the data

As the interview was conducted, the researcher recorded a narrative of the
information that was being given by the participant. This data that then organized into
specific themes that became obvious to the researcher as reflecting “traditional lecture

oriented” science teaching behaviors™ or “inquiry oriented” science teaching behaviors.
The data was then analyzed in terms of the NSES.

Assessment Standard B, Part 1, was written to specifically identify the spirit and
character of scientific inquiry and also identify scientific values. Comments from the
participants about assessment would indicate to the researchér that thé participant was
more or less concerned with traditional or non-traditional forms of assessment. This
information was organized into tables and charts to provide the researcher with sf)eciﬁc

themes to analyze. The questionnairé enabled the researcher to compare the actual
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implementation of the NSES with what data could have been attained had all of the

teachers implemented the assessment activities.

The demographic section was used to détermine if any participant consistently
differed from the others. No participénts appéarcd to vary extensively and the data
consistently followed one or two of the specific themes the researcher was trying to
identify. Teachers rep_resented typical niiné;it‘y and gender groups. Their level of
experience varied but did not appear to suggest any abnormal trends in science teaching

behaviors nor assessment standards.

~ The research questionnaire focused the teaciier’s ‘thoughts on their teaching of the
nature of science or process skills and assessment behaviors. The particﬁlér phrase,
“nature of sciénce” frequently caused a brief moment of silence. The “nature of science”
is a specific categofy on thé ITBS, which".the majority of the teachers have given

repeatedly, yet most of the teachers stopped before responding to the question.

Participants were asked how they question their student’s understandiﬁg of
process skills before, during, and after experiments. These process skills included
questioning teachers about teaching students how to make systematic observations, to
interpret and analyze data, to draw conclusions and to'communic_ate those conclusions.
The research questionnaire also asked the teécher to describe their philosophy for
éssessing science proces‘sb skilis and to describe how to evaluate a siudent’s understanding
of the nature of science. Finally, the questionnaire asked the teachers to explain how one
knows that a student understands the process skills that are included in the nature of
science. This question was designed to determine if the teacher was evaluating process

skills in addition to the content or facts that was being taught about the science.
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Summary - -

The study described the current status of procedures that were bemg dsed in
Oklahoma City middle schools. By comparing responses the researcher identified
common themes that indicated if the teachers had begnn to implement behaviots of
assessments as designed by the NSES. The study revealed a need for belp in
implementing the NSES At the present time, little research has been publlshed to

Caken

identify the usage of the NSES

~ The study recognized the level of implementation of NSES. ,’Schdolv districts
throughout the state or nation, who recognize where they are, and know the goa]s behind
NSES can produce changes in science education. The aehietfement df these goals is
designed to help our state and nation reach a higher level of scientiﬁe’ hteraey. for all our

children.

"The researcher plans to demonstrate that inner city schooIs are in need of specific
trailﬁng to help hetter prepare teachers for dealing with a plethera of problems not found
in the suburbs and rural areas. Only then perhaps the standards will nave the way for
ach1ev1ng the science hteracy that the National Research Counc11 the NSTA, the council
for writing the Standards PI'O_]eCt 2061 and other that have planned to address throughout

science teaching.

How can gate keeping courses that NCTM and ACT recommend be the focus of
science and math learning if those teachers, who are expected to promote the content, are
not qualified to teach these concepts? The lack of qualified science instructors often

results in personnel directors hiring industry-trained individuals who lack secondary
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teaching skills and science endorsed teachers who lack upper level or inquiry based
training? This study should support the need for more training for inner city science

teachers.



CHA_PTER_ IV_ _
RESULTS OF THE STUDY
Introduction

Implementation of NSES standards lacks formal research about what happens
when a classroom feacher attempts ’to -implement new assessment strategies and teaching
“behaviors especially directed at the inquiry processes. The population of the study varied
in their qualifications, racial origin, and experience. Sixteen male and fourteen female
teachers participated in the interviews.- The following ethnic gfoups' were represented

followed by the nurﬁber from éach group who participated: Caucasiaﬁ (210),Aﬁican-
Americans (5), Norwegian (1), Ghanaian (1), Hispanic (2), and Native American (1).
Each teacher was chosen based on a random sample that was stratified to represent all
groups of ethenticity.

- Of the thirty teachers interviewed, sixteen have 'sCience endorsements a}nd,thirte‘en
have degrees in related science disciplines including technology, education, biology,
chemistry, metallurgy, and engineeriﬁg. One teécher 'haé a degrge in English as a Second
Language, but also has a SCiénce endorsement. Ten’teachers reported having a copy of
fhe NSES with twenty of the participants stating that they did not. Class teaching
assignment ranged from 100 to 150 students. Nineteen teachers had participated in a

specifically science-oriented inservice within the past nine months. All of the
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participants listed their schools as being in the low to middle socioeconomic group. The
years of experience ranged from one year to twenty-seven years.

“One special education science teacher reported having sixteen students and
described numerous-labs that he had done w1th his studénts. Another special education
teacher:described a number of the activities in which his studénts were involved.
Another teacher who had honors students.never completed any labs with the students
stating that the studeﬁts were too unruly. The majdrit'y-of the teachers did not describe
lab-oriented activities.

.- Themes mentioned in the intg:rvieWs were responsés to the research questionnaire
that described how to teach the scientific method, how to teach the process of making
observations, data collection, interpretation of data, science fair competitions, and
assessment of science activities. As different responses were made with words that
described the scientific method, process skills, assessment, and science teaching
behaviors, these terms were labeled as themes and were listed into a database. When a
participant responded to a theme or indicated evidence of the theme, it was logged as an
X under the theme title in the database. F jﬁy—four sp'eciﬁc themes were identified in the

database.
Discussion of the Research Participants

This information was given by the teachers in response to the questionnaire
prepared by the researcher. The structured interview followed the same format with each
teacher. Teachers were permitted to explain or respond to questions in an open manner

with no judgments indicated by the researcher. Teachers were presented with a written
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copy of the interview responses and were permitted to change any response that might

have been misinterpreted. All of the teacher demographics have been listed in the

following table.
Table I
Participant Demographics
Area of Last NSES Socio- Class Years Grade Teacher Gender
Participant  Certification  Professional WKSH Economic Size of Level Ethnic
Development Exper. Group

Charles B. S. Geo. 1997 NO Mid. 150 4 6 C M
Hardy  |Biology NO| L-H |16] 13 |678] C M
Hebert  |Sci Endorse. NO | Low |125] 12 7 B M
Harriet B S Biology 1995 NO Mid. 110 5 8 B F
Harry B S Tech Ed NO Low 120 27 8 C M
Hannah Sci Endorse. 1997 YES Mid. 100 8 6 C F
Jason Second. Sci. 1997 NO Low 120 1 6 C M
John Ma in Ed. YES Low 110 5 8 H M
Jared B S Biology 1995 NO Low 120 10 678 C M
Jerrie Second. Sci 1997 | YES| Low | 140| 4 7 C F
Jennie B S Biology NO Mid. 140 8 8 C F
Mary Sco Endo_rse. 1997 NO Low 100 1 8 C F
Melvin Second Sci. 1998 YES Low 100 0 7 B M
Mickey Sci Endorse. 1997 NO Low 100 21 6 C F
Marion Second. Sci. 1997 NO Low 100 4 7 C M
Mimi Sci. Endorse. 1997 NO Low 110 1 6 C F
Miriam B S Chemistry 1997 NO Low 100 1 678 H F
Michael Main Enginee:. 1997 YES Low 110 5 8 GH M
Rae BS Bioﬁgy 1997 YES Low 117 12 8 B M
Randy Sci Endorse. NO Low 125 1 T C M
Risa Sci Endorse. 1997 NO Low 110 6 6 C F
Randle Sci Endorse. 1997 NO Low 120 6 8 C M
Ruth Sci Endorse. 1997 NO Low 120 15 6 NA F
Ted Sci Endorse. ' NO Mid. 116 13 7 C M
Winona Sci Endorse. 1997 YES Low 115 3 6 C F
Wendy Sci Endorse. 1997 NO Low 125 15 7 B F
Wrylon Sci Endorse. 1997 NO Low 156 11 8 S F
Winchester |B S in Educa. 1997 YES Low 110 4 678 C M
William Sci Endorse. 1997 NO Low 150 & 7 & M
Wilma BS Bio]gg_ YES Low 140 5 7 C F

Charles has a degree in geology and has worked as an oil and gas geologist for

eleven years. He recently transferred to take over a sixth grade class at an advanced
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school. His most recent science workshop participation was in the summer of 1997 and
was called “Rocks in your Head” which was designed and preserited by the American
Association of Petroleum Geologists.

In discussing the nature of science Charles believes that “truth is not absolute.
Science is at best an explanation to fit what we currently know”. He describes his
teaching of observations as erratic. Systematic observations are taught,by starting with
inquiry, followed by small hints and a 'greaf number of props. Charles also uses a great
deal of dramaticsvto emphasize points. He uses graphs as much'és possible and tries not
to give answers away. Wait time is considered extrémely important. When a questioﬁ
does not receive a desired response, he tries to rephfase the question. Students are asked
to keep a journal. In describing his philosophy for assessing science process skills, he
has done labs and activities such as identifying rocks and making graphs about
radiometric dating. For oommunicatihg conclusions, his students write results ina
notebook. Cooperative learning groups are used and these students give oral results té
the class. He tests for understanding ‘of process skills, but these tests consist of “do it”
type activities such as calculating areas or perimeters metrically on the test paper. His
methods of assessment are written tests, short quizzes, notebook responses, and verbal
responses in class. |

Harry by chance happened to be a special éducation sciencé teacher. He stated
that he uses his students’ interest in icebergs to help teach science process skills. HlS
students understood about part of plants, root systems and germination of seeds. He uses
bar graphs to teach about analyzing data and feels his oldgst students can form

conclusions.
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Hebert taught technology education prior to teaching science but has taught
science for fourteen years. When asked what he teaches, he is animéte about teaching
children not subject matter. He is most comfortable with teacher demonstrations, does
not care for science fair, and statesthaf My students still think hypotheses are big;
green bugs. His favorite experiment is a coke taste test that he‘designed as a double blind
experiment to help students learn about 'varia'Bles and controls. He ‘believ_es students need
time to assimilate information and oﬂeﬁ shoWé a video more than once so students have
this assimilation opportunity. He attributes his philosdphy of teaching to his
grandmother, who stated, “You can lead a horse to water and he will drink if you lead
him deep enough.” He presents students with questions called “what you ought to know”
and teaches frbm that aspect. His students are described as lacking the vocabulary to
explain science, and he encourages them to make sure that the vocabulary makes sense to
them when the assignment is complete.d; | |

Harry uses cooperative group learning, lectures, and independent study to teach
about the nature of science. To teach systematic observations, he encourages students to
use their five senses and likes problem solving activities. He uses written and oral tests,
special projects, and student-made bulletin boards to motivate his students. By having
students bring in demonstrations to share with the class, he is able to provide more lab
activities. He believes everything offers some type of science principle whether it is an
aquarium or poster. He likes to challenge his students to discover why something is done |
in the first place and considers their “far fetched” ideas as a spin off for beginning to see

how a particular phenomenon leads to scientific principles or inventions. His whole
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room is designed for cooperative and group learning. He would like to do more labs but
lacks equipment and materials for experiments.

Harriet enjoys teaching outdoors. She likes the critical thinking questions
designed in the textbook and tries to dig deeper when students give responses. She is
interested in their prior knowledge when hearing their answers. When teaching students
to make observations, she emphasizes using the five senses. She stresses using the
scientific method and yet feels students léck the vocabulary for eﬁ;pressing their -
observations and, in fact, understand more than they are able to express in.written form.
She especially enjoys teaching the biological sciences, uses co:operative learning groups,
and has the students keep a science nétebook. 2

Hannah uses the Iearningl cyclé, small group activities, qualitative activities, and
teaches the scientific method by having the students do science fair‘ projec’gs. One of the
activities she uses to teach vocabulary is to give the students about 250 flash cards and, as
a quiz, has them design food webs and food chains. She has students make observations
through measuring liquids and powders. Students also list the péﬂs of chemical reactions
that neutralize acids and bases. She mentionc;d that her resources are very limited and
would like to learn to write granfs so her students could héve access to more labs. |

Jason described his students as mostly Hispanic and American Indian. He had
taught high school science but this was i]js first year in a nﬁddle school. He has a
secondary education degree with a general science background. He teaches observations
by taking the studeﬁts oﬁside and by trying to establish an accepting rapport with his
students; He wants all students to feel equity in what they are seeing in order to begin

making observations. He also likes to show the students that sometimes the information



56

does not suppoﬁ a hypothesis. He explained that this conflict in ideas provides a greater
opportunity for the student to figure out why or to question the answers. - .

John has participated in many summer institute programs for science feachers. He
has not done hands-on activities, as he does not have equipment or materials. He has
taught his students to read solubility curves from graphs. He teaches other skills in data
analysis from textbooks or materials he brihgs from his own disciplines. - . .

. Jared has an excellent background in other sciences. He uses questioning and
story telling techxiiques to teach about the nature of science: “What would happen if?”
questions are used to-stimulate léctures. He uses basic graphs to teach intérpretation and
prediction of data. He uses tree adabtatibns to help teach about observations. :

Jerrie uses the scientific method as a base for all experiments. She taught the
scientific method step by step, has scientific method charts and posters on the wall,
teaches variables by using recipes, and uses making a peanut butter sandwich to teach
scientific procedure. She uses a Velcro backed copy of the scientific method to
continually check their understanding of the processes and has students match the part of
the experiment they have completed to the list of scientific method précedures on the
chart. As she walks around her room, she asks her students to “show me and tell me” and
to write if down. She uses buttons for teaching classification and the properties of metal
elements for teaching students how to describe what they .have observed. She uses class
discussion, lab notebooks and portfolios. At the end of each year she has her students
write down what they particularly remembered or liked about learning science. She uses
games such as basketball for review and states that she really finds out what they have

learned during class competitions.
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Jennie uses many of the same techniques as Jerrie. Her favorite activities include
displacement of pennies, doing classification with shoes, height, and hair color. She uses -
graphs and charts to teach students how to interpret and analyze data. She states that the
students especially liked working with human grthh patterns and found the data a lot of
fun to analyze. She uses science fair projects to teach about making, supporting, or
rejecting hypotheses. She tries to relate everything to life and explains that math is the
best process for seeing how it all fits together. For her methods of assessment she uses a
lot of observations and Iab grades. Her Séience fair kids continue to compete in science
fair at the high school level and frequently return to tell her of their awa;ds. |

Maryisa formermath teacher and uses the Dares concept to review science
principles. She asks her students if the observations are qualitétiVe or quantitative. She
considers it important to teach the students that a hypothesis is not a random guess. She
uses scientific essays to assess her students and gives points for participaﬁon and ;keei)ing
scientiﬁc- notebooks. Cooperative learning is considered very important in her class and
she has a process of questioning students in small groupé. She keeps records of what
students are doing while she is walking around the room. The questioning helps students
relate science concepts to phenomena outside the classroom that they may already
understand.

Mariam teaches non-English speéking students. She usesvthc majority of time on
having her students write definitions and learning how to pronounce the word in English.
She has few supplies and uses many materials brought from her home to do
demonstration experiments for her students. She would like to teachers the students

about examples of the elements in a manner that the chemistry would be evident to her
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Hispanic students. She answers many questions while they students are working. Points
are givenfor getting work done and placingvit into a folder.

‘Melvin will receive a Bachelor of Science in secondary science education in May
1998. Through exploratory activities in diverse applications in a variety of science areas,
he attempts to teach the nature of science. He completed microscope activities with
onion cells, has students make drawings of scientific pheno'mena, and believes studer_;ts'
communicate their experiments best through writing journal responses that include
pictures, graphs. and random thoughts. He has taken the students to Cafnp Goddard fbr an
environmental camp and providés mahy ehrichment activities that encourage his students
to participate in activities that incorporate the science process skills automatically and
instinctively in the classroom. HIS student portfolios include classroom assignments,
experiment responsés, and journal responses. Studenfs are expected to look at
experiments from different perspectives and attempt to infer the personal importarice of
that activity. This means having the students see how a principle or experiment has
effected the student personally. He also has the students attempt to apply their
hypotheses to everyday life or the job market. |

" -Micky-uses many hands on activities. She has students make measu:refnents to

describe changes that occurred, uses charts and gréphs, and many cbmparisons. She
develops many real life situations fof testing a student’s understanding of making
hypotheses. She then challéngés the studenf on how the scientific method could be used
in a different situa"cion. Svhe teaches students about controls through plant growth

experiments. She feels that some test purposes are just reading tests and do not really test
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the experimental process. For assessment her lab activities are graded as part of the
whole unit ihéluding participation. |

Marion has done many experiments and asks the students to make numerous
hypotheses. After experiments are completed, students are asked to write them in their
journals and determine if their hypotheses were correct. Marion stated that he has
learned how effective the writing journals can be through a math teacher. He uses many
grouping activities and makes sure that different students are able to do different jobs in
the cooperative learning groups. He stated that he knows his students understand the
nature of science because they use the process skﬂls in demonstrating a lab activity. He
does not have them memorize the steps; he pfefers that students learn the scientific
method by doing the activities. .For asséssment he uses téSting, journals, particibation,
and assignments to focus the lab, and éssesses how well the studenfcs know the
vocabulary. He feels that participation gradgs are important and memorization of the
scientific method without being able to apply it is worthless. He feels that if the students
understand the objective of the experiment, then all other basésare covered.

Mimi had just finishing her first year of teaching after receiving a degree in health
and physical education in 1983. To prepare for her first year of teac}ﬁng,,she took the
curriculum tests offered by the state in biolo gy, zoology, middle school science, and
physical science. She relates science to everyday life and does not like the textbooks
format. She taught a unit on crystals to teach the nature of science and other concepts
and completed units on rocks and minerals. She reviews each.day with the students to
determine what they understood from the previous day. She wants her students to

discover “why it did not happen” to be as important as why “it did happen.” She teaches
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measurement and quantitative observations by measuring potato chips on the triple beam
balance. She requires a science fair project from everyone and grades their understanding
of the nature of science on how well they did on their science fair projects. She explained
how students use the scientific method everyday in life situations such as baking cookies.
She has students make cookies while changing the v_ariables by varying the amount of the
ingredients. She teaches activities that address the state PASS skills. Miriam has a
degree in chemistry from Mexico and teaches seventh and eighth grade bilingual
students. She sp_ends the majority of time_on vocabulary__and the teaching of
pronunciation skills and dictionary skills. She has no materials and does very few
experiments. She has b:ought consumable items from home if experiments were to be
done. She focuses the students on the states of matter to teach them to make
obsetvations.

Michael feels it is important to prepgre the studénts before teaching them the
scientiﬁé method. Most of the experiments are for observations. He wants his students
to realize WMt benefits were gained from doing the expériment. Most of the time he
encourages the students to use the data they collect in the form of a diagram or chart. He
wants his students to distinguish between accuracy and quality of measurement. He
knows his students are learning when they are asking questions. He feels the studénts
learn better if they are the ones asking the questions.

Rae has focused his teaching with hands-on activities. He teaches the scientific
method by starting w1th a lecture, followed by demonstrations, class projects, and finally
individual projects. He has students make observations at the end of the lab by

describing what happened. He places great importance on scientific drawings. He



61

requires everyone to keep a portfolio. He questions results the students have found.
When the teacher has observed an incorrect lab procedure, he redirects the process by
having students discuss exact‘ procedures. For assessment he uses group projects, chapter |
quizzes, portfolios, and homework quizzes. : -

Randle starts teaching the metric s-ystem by measuring ‘plastic dinosaurs. The
students graph data aboUt the dinosaurs. Randle has taught thé studénts that observations
are 90 per cent of science and you have to see everyth—ing in life. He questions the
students about what they have eaten fqr breakfast and v;'hat fhey have seen on the way to
school. He teaches stﬁdents about differenf densities through demonstrations. He has
attempted to find thiﬁgs that students are interest in to relate science to their own
environment. He does not do labs. He uses what is in the book and other information to
relate science to student activities such as wrestling. He encourages his student§ to watch
educational television by giving credit for writing essays about the program.

- Randy has taught the scientific method is everywhere. He teaches the students
that the scientific method basically has five steps, but explains to students that each of the
steps can be called different things. He reinforces the écientiﬁc method with science fair
projects. He asks questions during'class and uses the overhead projector. .He has
students match parts of the scientific method with other observations the students have
“made. He has students describe their own thunib to teach them té make obsewations. He
emphasizes using the five sensés but also had students use metrics for their quantitative
observations. The scientific method can be used to solve any other problem. He also
uses group science competition to review for quizzes. He believes that written tests are

not always a good way of testing students.
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Ruth has a science endorsement and has nearly completed a Masters Degree in
education at OSU. She questions her Students bn vocabulary and how liferature can be
science in a different fonﬁ. She teaches the scientific method by looking at realistic
comparisons and making7 quahtifative observations. She encoufages the students to use
metric estimates of distances of things such as the halls and then has the students place
metric tapes to qﬁantify their observations. She has students make models of the solar
system using the metric system. “To teach syétematic abservation she expects the students
to think about fhe objects and then describe similarities and differences. At this schobl
the teachers have been grouped in teams. This resulted in her being downstairs in a room
with no running water or gas, while an English teaCHer uses the lab room upstairs so
teams could be together. She was most interested in the progress students make from
when she first meets them to when they leave her classroom. Her students make clay
models and shadow boxes for djoramas to demonstrate ecosystems. Students do book
reviews to encourage reading inv science. She has also taken her students to an
environmental camp to study outdoor education.

Ted teaches seventh grade and has recently participated in the Fernwood Project,
an AIDS prevention workshop for middle school students. He does not use hands-on
experiments but relates science .'to every day life. He lectures, draws details on the board -
and walks students through text fnaferial. He uses some metric obserVatiQns. Generally,
he has students read aloud from the textbook and discusses fhe information by asking lots
of questions. He encourages students to weigh the pros and cons and to use thinking
skills to review questions. Assessment comes from class discussion and chapter tests.

He spends two days on review questions before each test.



63

Winona teaches the scientific method through science fair projects. She feels this
process lends itself to all the other science concepts. She has students write down their
observations as they discuss the experiments. After everyone has written down their
observations, she questions the‘studerifs as to why they all have different observations.
She has the students predict>what éould happen when lboking ét labé and discuss why
different things happen w1th the same experiment. She uses group dﬁcussibﬁ and
encourages each group to come up with 1tsown explanation and preseni;ation. This also
includes discussion of information within the chapter. She reads through their
observations to check for understandings. When groups do presentations, she receives an
accurate idea of how they learn and how their minds were working through the concept
that was being taught. She be'li.eves that it takes time to work on higher ‘level questioning
and emphasizes giving the sfudents time to work through the thought questions.

Wendy likes teaching outdoors with leaf hunting, fish ponds, and gardens.
Critical thinking skills are listed as being important as were chapter questions and chapter
discussions. She teaches her students how to use the scientific method and stresses that it
is important to follow the steps exactly for the expériment to come out corréctly. She
often models experiments in the classroom. She does not‘ use a lot of written testing. - She
gives short essay questions over the critical thinking activities. |

Wrylon has a Bachelor of Science degree in English as a second language with a
background in physics and ‘chemistry. She has taught middie schooi science for eleven
years. Wrylon uses a specific concept of distinguishing between vocabulary and a
meaning chart. The students are asked to write a vocabulary definition but mﬁst also

have a written chart that lists how the meaning of the word relates to their own
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understanding. She uses a lot of hand-on labs and has students make scientific drawings |
in a lab notebook. The notes and vocabulary meanings are often turned into essays or
paragraphs about science cbncepts. She does not believe in a lot of grades but tries to
create a famjly atmosphere where each student helps to aésu‘me responsibi]jty for the
other’s leérﬁing. Students are expected to do demonstrations of what has been learned at.
the end of each quarter. | | |
William is a spécial education science teacher and teaches the studentsvto form
hypotheses as they carry on their daily life. To help students make observations, he
inquires, “What happened when »you did this?” He éncoméges the student to not do just
anything. Instead, he tries to encourage fhe students to set gogls for what they are doing
in their science activities. These types of questions provide students with a focus other
than just going through a science process. He is committed to teaching students that the
scientific method is the way to do everything.
Winchester is interested in teaching students how to integrate the science fair
_process into learning the nature of science. His major field is counseling psychology yet
has a science endorsement and an elementary education certificate. His students record
observations, use different types .of quantitative and qualjtative graphs and higher level
thinking skills. He uses numerous tests, written papers, student demonstrations and
cooperative learning. He does not use lab sheets but has students answer questions on
notebook paper. He grades on daily wbrk, class participétion and science fair projects.
Wilma uses the weather to teach students how to make observations. They watch
the moon for weeks and watch when leaves start to change colors.v She uses Slinkies to

demonstrate waves. She used real life examples for her students like noting how weather
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changes. She has students make observations by giving them real life events to observe.
She uses brainteasers like TriBond (a science oriented game that teaches analogies),
activitieé for teaching students how to think about relationships, and what things have in
common. She quizzes them with reél iife scenanos ahd >encouvrages students to analyze
and determine conclusions. When stﬁdents interact verbally, she' énables them to make
presentation§ to the class. When they do experﬁnents, the groups teﬂ the. class what was

discovered or what happened.
Analysis of the Data

This chapter has identified major themes that werebcollected into a database to
emphasize the assessment of science process skills. It identified how teachers perceived
these skills in relation to teaching the scientific method, teaching science fair
competition, teaching students to make observations, assessing students vﬁth traditional
standards, and assessing the students with the recently implemented NSES. In addition,
this chapter has identified specific teaching behaviors that relate to science process skills.
The final chapter has used this data to make conclusio.m, implications, and
recommendations.

The NSES (1996) state that equal attention must be given to the assessment of
opportunity to learn and the assessment of student achievement. These standards state
that students cannot be held accountable for achievement unléss they are given adequate
opportunity to learn science. Therefore, achievement and opportunity to learn science

must be assessed equally.
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Teaching Qualitative and Quantitative Observations -

Participants were asked to discuss how they taught their students to make
observations. These responses were documented in the chart following the analysis of
their responses. Analysis of the “Teaching Observations” had led to conflicting
interpretations. For example, 25 of the 30 (83.33%) teachers interviewed reported that
they had taught students how to make observations. This statistig would have sounded

- great, before the NSES were printed. As the standards increased our focus on what is
good science and what is not, these statistics demonstrated that vonly 12 (40%) teachers
discussed teaching their students to make both qualitative and qpantitative observations.
Only 6 (20%) of the teachers with science éertiﬁbation that taught qualitative and
quantitative observations had seen a copy of the NSES. Of those teachers who had |
science endorsement, only 6 (40 %) of the 15 had read a copy of NSES. Three other
teachers who had science endorsements yet had not read information from the NSES also
reported that they taught making observations as recommended by the NSES.

Making observations has been identified as a major component of process skills.

Nine (60%) Qf the teachers who had certificates in science reported that they
taught their students how to make observatidns. Oﬂy two of those nine (13 %) reportéd
that they taught students how to make both qualita‘_[ive and quantitative observations
while 6 (40 %) of teachers with science endorsement taught both. Thirteen or (87 %) of
the teachers with science endorsement taught their students how to make observations.
Of the participants that responded, the trend that was most evident was that teachers with
science certification were less likely to use quantitative and qualitative observations as a

teaching method. Another trend that was evident was teachers who had been exposed to



67

the NSES were more likely to use qualitative and quantitative observations as a teaching

method as demonstrated in the chart below.

Table I1

Teacher Usage of National Science Education Observation Standards

Name Area of NSES Quantitative Qualitative General
Certification Observations Observations Observations
Charles B S Geology YES 0 0 0
Hardy _ |B S Biology NO 1 0 0
Hebert Science Endorsement NO 0 0 1
Harriet B S Biology NO 0 0 1
Harry B S Technology Education | NO 0 0 0
Hannah Science Endorsement YES 1 1 0
Jason Secondary Science Education] NO 1 0 1
John Masters of Education NO 0 0 0
Jared B S Biology YES 0 0 1
Jerrie Secondary Science Education| NO 0 1 1
Jennie B S Biology YES 1 1 1
Mary Science Endorsement NO 0 1 1
Melvin Secondary Science Education| YES 0 0 0
Mickey Science Endorsement YES 1 1 1
Marion Science Endorsement YES 1 1 1
Mimi Science Endorsement NO 1 0 1
Miriam B S Chemistry NO 0 0 0
Michael |Masters of Engineering YES 1 1 0
Rae B S Biology ) NO 0 0 1
Randel Science Endorsement NO 1 1 0
Risa Science Endorsement NO 1 1 0
Randy Science Endorsement NO 0 0 1
Ruth Science Endorsement NO 1 1 0
Ted Science Endorsement NO 1 0 0
Winona Science Endorsement YES 0 0 1
Wendy Science Endorsement NO 0 0 0
Wrylon Science Endorsement NO 0 0 1
Winchester |B S Education NO 0 0 0
William Science Endorsement NO 0 0 0
Wilma B S Biology YES 0 1 0
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Teaching about the Scientific Method

Participant responses to teaching the processes Vused m the scientiﬁé method were
recorded in the fbllowing chart. If the response mentioned any of the science processes
such as: making hypotheses, making observations, proéess skills and science procedures,
collecting data, or communicating data, the researcher to documented a positive use of

the method.

The statisfics compared thé ﬂumber of teachers meﬁtioning identifiers of the
scientific method in relation to t.he‘total number of participants in the study. Nine
teachers (30%) mentioned using process skilis. Fifteen teachers (50%) discussed
teaching students to make hypotheses. Twenty-five kteachers (83%) discussed teaching
students to make observations. Seven teachers (23%) discussed teaching studenté to
learn scientific procedures. Nineteen (63%) thought it was important to be able to
comrhunicate conclusions. Only nine teachers (30%) reported they taught their students

to collect data.

The majority of the teachers with a positive résponse to the scientific method use
an average of four different scignce proces;c,es to teach the scientific method. However,
less than half (40%) of these teachers taught the students to collect data. The majority of
the teachers with a negative response to the scientific method use an average of 2 science
processes to teach the scientific method. The emphasis of teaching the scientific method
employed by all of teachers focused on educating students to make hypothesis and
communicate data. Only seven teach¢rs (23%) discussed teaching their students
scientific procedures. The emphasis on making hypothesis was not supported by the

process skills needed to prove or disprove their hypothesis.



Name NSES Process Scientific Making

Teacher Use of the Scientific Method

Table ITI

Making
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Science Communicating  Collecting

Skills Method Hypothesis Observations Procedure Data Data
Charles Yes X
Hardy No . X
Hebert No X X
Harriet No X X - X
Harry No X X
Hannah Yes X X
Jason No ‘X X
John No X X
Jared Yes X
Jerrie No X X X X X
Jennie Yes X X X - X X X X
Mary No X X X X
Melvin Yes X X
Mickey Yes X X X X
Marion Yes X X X X : X X
Mimi No X X X X X
Miriam No :
Michael Yes X X X .
Rae No X X X X X
Randel No X
Risa No X X X X
Randy No | X X X X X
Ruth No X . ¢ X X
Ted No )
'Winona Yes X X X X X X
Wendy No X X
Wrylon No X X X
Winchester] No X X X
William No X
Wilma ‘Yes X
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The following terms were used to describe themes that were used in connection
with teaching .stude'_nts how to do science fair projects: science fair, scientific method,
graphing, communicating conclusions, making hypotheses, collecting data, and making
observations. For this category, teachers had to mention that they participated in science
fair. Seven (23%) teachers specifically identified using science fairvto teach the scientific
method. Eleven_(36.6%) teachers used the science fair competition to teach about
graphing. Twelve (40%) teachers used science fair projects as their focus for teaching
students how to Iﬁake conclusions. Nih’er('30%) teachers uséd making hypotheses asa
part of teaching the scientific method through science fairs. Four (13%) teachers used.
data collection in their students” science falr projects to teach the scientific method.
‘Twelve teachers (40%) used making observations to teach the scientific mefhod through
science fair participation. Nine teachers (25%) used science fair competitions to teach

the scientific method.
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Table IV

Using Science Fair to Assess Science Process Skills

Name Science  Scientific  Graphing Communicating Making Making Collecting
Fair Method Data Hypothesis Observations Data

Charles X X
Hardy X X
Hebert X X X X
Harriet X X X
Hannah X X
Harvey X X X
Jason X X
John X X X
Jared X X
Jerrie X X X X X
Jennie X X X X X X X
Mary X X X X X X
Melvin X X X
Mickey X X X X X X
Marion X X X X X X X
Mimi X X X X X X
Miriam X
Michael X X X X X
Rae X X X X X
Randel X X
Risa X X X X X
Randy X X X X X
Ruth X X X X
Ted
Winona X X X X X X
Wendy X
Wrylon X X X
Winchester X X X
William X X X
Wilma X

Traditional Assessment of Science Process Skills

The participants identified traditional procedures for assessment as: multiple

choice quizzes, essay exams, matching quizzes, chapter quizzes, homework quizzes, and
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other test for determining knowledge gained in a science class. Assessment of science
process skills were associated with other evaluation techniques. Teachers were asked to

identify any other processes that were used to test for process skills.

Teachers also identified the following traditional assessment themes:
Table V

Traditional Assessment Themes ~ Number of Teachers

Questioning 19
Student demonstrations 9
Lab sheets . | 4
Lab noteBooks 10
Short answer essays 1
Multiplev choice quiz 2
Test 9
Lab participation 8
Science competitions | . 1
Cooperati;ie learning 9
Class discussion 17

Science Reports 1
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Figure 1

Traditonal Assesment of Science Process Skills
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Class discussions and questioning appeared to be the most common processes
used for assessing knowledge gained from the traditional methods of assessments.

Teachers identified the following from the NSES:

Table VI
As§essment Themes B Number of Teachers
Formal performances - " 0
: Portfolios“ o 4
Models o : | 1
Lab pan_icipaqon - | .8 |
Collecting data | 9
Journals | | 3

Investigative projects - 6
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Figure 2

Assesment Procedures Used After NSES Training
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Science Teaching Behaviors

The final theme looked at science teaching behaviors that would indicate process
skills. The categories were modeling, student demonstrations, lab participation, science
competitions (excluding science fair), cooperétive learning groups, science reports, class
discussions, science gafnes, feac‘her demonstratioﬁs, vaiiables, journals, science fair, and

questioning.
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The following number of responses were made by teachers to identify a science

teaching behavior that would indicate teaching process skills to students:

Table VII

Teachin_g Bgl_:avior : Nu:mber of Te’aéhers
Models I
Studeni; demonstrations 9

- Léb participation 8
Sﬁiencc competitions 1
Cooperative learning o 9
Sciénce reports 1
Class discussions - | 17
Science games 6
Teacher demonstrations 5
Teaching variables 3
Journals 3

Science fairs ‘ 12

Questioning 19



Figure 3

Science Teaching Behaviors Implemented to Teach the Nature of Science
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CHAPTER V
SUMMARY OF RESEARCH

- Introduction -

The purpose of this research stﬁdy wés to identify how much of the Assessment
Standard B, Part 1, of the NSES was being used by Oklahoma City Public Schools o
middle school teachers. A look at historical research had not offered any documentation
on how educators have aftempted to teach}alternative methods of assessment for those
teachers that were using inquiry learning in their classrooms. This research offers an
alternative look at science teaching aﬁd offers data for making decisions that will address

science literacy in the inner city.

Summary

' In the two years that have passed since the adoption of the statle science standards,
Oklahoma City Schools have had little leadership in implementin;g those standards.
Teachers have continued to teach science in the way that they experienced science or
were trained. Few of these teachers have used the true concept of portfolios, rubric
assessment, and performance assessment much less lab activities. Yet, through
participation in a traditional competition such as science fair, the majority of teachers

provide students (usually at their own expense) with some laboratory experiences and

78
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techniques. It is through these science fair competitions that the majority of teaching
about the science processes occurs. The cost of science supplies aﬁd equipment is at an
all time high. Yet, if any one opens any middle school textbook, approximately five
pages of consumable materials are listed as necessary toteach each chapter. These
textbooks have also included four to six pages of:labbratory equipment, and usually from
five to ten variations of liviﬁg organisms for uSeduring the year’s curriculum. School
boards and educators have continued to adopt thesé 1ab-oriented textbooks, because they
know that it is the best way to teach science. Then these same educators who fund the
textbooks totally disregard the pages in the textbook that require th;ase materials for the
lesson activities. Teachers continually expressed the fact that if they wanted to do the
labs they had to buy the consumable materials themselves or not do the lab. The research
suggests that most inner city students have a variety of reading experiences when it
comes to doing science. |

The NSES have suggested that science has been a subject area that catered ito
those students who could memorize facts quickly and do well on standardized exams. By
not doing the labs, science classes had offgred studen'ts who could ‘think abstractly the
success that students who were concrete thinkers could never achieve. This lack of lab
participation has not provided equal access for concrete learners. Science literacy
through national standards has offered a new, more serious look at science focusing on
the collection of .quantitative and qualitati\}e data énd the communication of results. By
using technology to communicate and compare their students’ research with other

students across the world, a new version of science literacy has taken form.
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To address the issue of assessment, the NSES had approached scientific literacy
as the ability to work with scientific knowledge at the level of the students. Portfolios,
journals, and rubrics have been used for evaluation which has i)rovided éésessment th;u is
non-threatening yet can be extremely vmotivatiﬁg. dne of the teachers in this research
project stated that she experiencedAan unusual motivating factdr when sfudents Were
required to graph their individual grades. She contended that the‘}; ;arely reactéd fo v
graﬂes of D or F when papers were returned, bﬁt;v‘\;he’n fhe stﬁdeﬁt had seen the grader in
the vision of a line graph, the nexf gréde invariably went up. She stated thaf the students
hated seeing the line illustrating their failure. This example illustrated why rubrics have
been so successful. It waé easier to admit; that one is a beginning rocket designer than to
admit to having learned nothing about the bhysics concebts needed to explaiﬁ Ne\&ton’s
Law of Motion. Rubrics have enabled students to perform a self-evaluation that is noﬁ-
threatening leaving the door wide open to improvement of that self-evaluation.

The lack of opportunity provided fof studénté to’ learn science can be attributed to
a number of explanations as described from the research responses. This research
suggests that low scores in inner city school could be attributed to factors other than
student achievement. First, placement of science teachers in non-science rooms for the
sake of grouping or teaming students, while English, social studies, and math téachers
reside in classrooms designed‘for science labs is a great factor in inquiry oriented
teachihg. Second, the lack of running water in addition to a lack of safety equipment
such as goggles, vents, and fire extinguishers set a climate that does not allow fér science
process skills to be taught. Third, the lack of focus on those process skﬂls that are stated

in the natuve of science in Iowa Test of Basic Skills and the criterion referenced tests
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provide even less opportunity for learning science. Fourth, teachers lack the necessary
supplies for even the most basic science experiments. Fifth, the time delay, between
when the teacher orders supplies and when.the teacher- r_eceives supplies, makes planning
labs focusing on process skills next to impossible Slxth, the hoarding of supplles isa
frequent occurrence. The longer a teacher has been in a building directly relates to the
amount of materials readlly available to that teacher to teach science. Newer teachers
often reported havmg absolutely nothmg w1th wh1ch to teach, and oﬁen were placed in

, non-laboratory classrooms The research in this study consmtently supports the concept
that some inner c1ty facrlrtres do not provide equal access to science literacy. It also |
suggests that the majonty of Oklahoma City teachers because of science endorsement
cert1ﬁcat1on or science degrees that lack sewn@ science education skills and gate
keeping courses cannot offer students inquiry oriented labs and NSES assessment that

could better provide equal access to science literacy for middle school students.
-~ Recommendations

A number of recommendations have been made that will help accomplish

Assessment Standard B, Part 1, of the NSES.

1. Teachers must have structured staff development that has modeled those activities
and assessment procedures they are bemg expected to implement. The research in
this project has identified two major areas.reﬂecting needs in the majority of
science teachers. For those teachers who have entered the education field from
industry and other specialized science ﬁelds, staff development in laboratory

management skills are mandatory. Managing adolescents with glassware,
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chemicals, and electricity requires different skills than those used in the
management of adults. Most teachers stated emphatically that safety regulations
suggesting no more than twenty-four students in a lab situation have proven
critical to the safety of all students. This rule must be reinforced at all levels of
education if educators want to get serious ‘abqukt safe science education. For those
numerous teachers with a science endorsement, the research supports the fact that
“they lack secondary science education laboratory, management skills. Many
teachers have not been trained in laboratory management nor dokthey have a
concept of the skills that their students need to be ready for science in upper grade
levels. Many of ‘;hese teachers had recogj_ﬁzed these deﬁc;ienpies énd would have
readily participated in activities that would remedy the situation. This was
evidenced by the large number of teachers who had attended staff developments
in the summer of 1997. One weakness was thét the staff development Workshops
had not discuss the NSES, which focuses on the whole picture of systematic
change in the ﬁeld of science education especially science education assessment.
Middle school teachers cannot makg this chanée alone. Elementary teachers must
prepare their students to work in nﬁddle school labs. At the elementary level,
students should have learned to make qualitative and quantitative observations to
equip those entering middle schobl with basic lab skills that permit informed
participation in lab activities. Middle school students ﬁeqﬁently enter science
classes having never participated in any type of lab activity.
Those who are in leadership and administrative positions need training in the

NSES and what these standards are trying to achieve. When teachers are placed
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in a non-science classroom for the convenience of teaming and have no running
water or lab facilities, it is obvious that science laboratory activity isnota
priority.

Teachers from this study indicafed a lack of knowledge of the current state of
scientific research. It would be a great advantage to bring in staff development
people who could help update these teachers in modern research ideas. This

- training could provide resources for these teachers to help students design modern
res;earch projects beyond simple; Bean seedling gfowth, soil erosién, bvolcanoes,
and computer games.

The whole pre-Sputnik atmosph¢re of the middle schools in dklahoma City
should be disbanded. Bilildings Built before 1955 heed majo;r;enox;ationé. The
teachers who had computers did not have access to electrical outlets. The
teachers who had a large amount of equipment had it sitting on the floor. Fire |
resistant lab tables are needed and many plumbing problems such as Watér pipes
without faucets and sinks that are not connected to drains need to be replaced.
Sinks are corroded and contain surfaces that are incapable of being cleaned.
Science labs need a facelift if teéchers are to be mlotivated and excited about any
kind of change.

Teachers need inservice training in teaching process skills, assessment of process

skills, laboratory managemént, and current research practices.
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Conclusion

During this study teachers mentioned that they had taught students how to make
obserVations, but few teachers had the knowledge on the -ﬁualitative-observatiohs?that
identified change and the quahfitafivé obsexlvati(;ns that enables the nature of science to |
be interpféted- fhrough the field of ﬁléthcmatics. Textbook and recipé—';;'pe laboratory
experiences must be balanced with original regarch where the conélusion'is based on
data personally collected by the sfudent and not on ‘absingle observation ofa.
demonstration. | | |

The NSES has many compbnents. Assessment B, Part 1, is a critical issue
because the standards themselves state that students cannot be beld accountable for
learning scief;ce if they do not have equal access to the opportunity to learn science. This
paper documents that lack of opportunity. Assessment must be viewed in a diffei'ent
context if teachers are to feel more confident about ﬁsing different forms of assessment
that truly reflect the performance of their students in the process skills. The acceptance
of perfofmance—based assessment, lab demonstrations, rubrics for evaluations, and
portfolios must become a reality and fully understood in the evaluation of students in the
field of science. Scientists in the community have used many resources to communicate
their data. Few of them have been required to memorize facts or tables that are easily
accessible to their needs. Science teachers must comé to tenﬁs with modeling that
scientific community in all aspects of their teaching and assessment.

The NSES encourage teachers to model the scientific community, to use the
techniques of modern research in their classrooms, to focus on teaching students about

controlling variables, and to create a learning environment that includes multidisciplinary
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approaches to science instruction. The scieﬁtiﬁc community has identified the best-.
possible process for systematic change in science education through the IiS_E;S_ The
future of science education depends on the leadership of those who believe in what the
NSES contain. This leadership must provide the ebility fo 1.1e_lpvothers understand the
need for change. NSES leaders may not heve addressed the issue of how to get
complacent educational leaders to focﬁs. the issue of science avssessmentes seen through
the interpretation of process skills. - In this approach science educators must consider
equal access in all forms: teacher training, materials access, teacher focus on process
skills, assessment based on perforh)ance and science products, and facilities and
equipment. Most of all equal access must follow the guidelines that state scieﬁce should
no longer be taught in a manner that encourages success for those who can memorize
scientific facts. For the development of greater science literacy in our students and .
therefore the creation of a more informed citizen f01_' our ceuntry, our responsibility as

educators is to advocate the NSES as the number one focus for all science learning.
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RESEARCH COVER LETTER

2114 Hummingbird Lane
Edmond, Oklahoma 73034
405-341-7890
Date
Name
School
Address
Address
Dear

Howrare middle school sciencé teachers assessing sti;dents today? Many science
historians have looked at the question of why séi'ence reforms have not included an
assessment component of science process skﬂls Pebll'hap‘s ‘t’hé prbblem is not in the
curriculum or the teaching but. in how testing of oﬁr middle schodi émdents is being
accomplished. This question has become the foundation for my doctoral research
therefore I am very interested in knowing how middle school teachéié assess science
process skills. |

Through a short interview I would like to include your ideas abéut middle school
science assessment of process skills in my research project. There are nb right or wrong
answers to this interview; I am more interested in what works for the individual teacher. I
think it is iniportant td idenfify current successful aésesément practices that are not being
reflected by standardized testing. Many times we feel that our students have learned
much more than these scores reflect. For this project I am interested in how individual
teachers know that their students have learned a specific process. Reforms in science are
trying to develbp science education methods: namely decreasing the amount of rote
memory responses, increasing student experiences with functional science, decreasing

book work while increasing activities that reflect real world experiences which improve
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critical thinking and problem solving skills. Yet, in the history of assessment, we have
failed to give teachers alternative methods to assess student achievement in higher order
thinking process such as application and assimilation of science processes. .

This is an opportunity for you to ahqnymously share your assessment practices
with the educational chmunity and policy makers. To participate in this study the

following activities are required.

1. Returnthe informed consent form indicating your agreement to participate
in the study. :

2. Take part in a brief interview either in person or by telephone.

3. Review and react to the written tranScript of our conversation. Feel free to

make any changes in the transcription of the interview until you feel .it truly reflects your
personal assessment strategies.

Your assistance in this study will enable a baseline of actual middle school
classroom assessment practices to be documented for use in future assessment research.
Absolute confidentially will be maintained at all times. Participants will be identified by

| a randomly generated code of which only the principle investigator will have access. 1
am looking forward to talking with you about your ideas on assessment. |

Sincerely,

Rosemary H. Eskridge
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RESEARCH QUESTIONNAIRE

. How do you teach your students about the nature of science?

Do you question ~yoilr students about their undvers't.anding_ bf 'process skills before,
during,-and after experiments?.

How do you teach your students’ to make systernatic observations?

Do you have a spenial way of teaching your students to interpret and analyze data?
Do you have a special way of teaching your students how to draw conclusions?
How do you find out what your students are thinking/leaming?

Can you describe your philnsophy for aséessing science process skills?

How do your students communicate their concluéions derived from experiments?
How do you know that students understand the pi'ocess skills that are included in the
nature of science? |

What methods of assessment do you use to evaluate student’§ understanding of the

nature of science?
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DEMOGRAPHIC SURVEY

1. What is the name of your school?

2. What is the size of your school population?

3. What socioeconomic factors inﬂuencé your student population?

4. What science do you teach? |

5. How many years have you been teaching this particular science?

6. What is your latesf degree Cdmpleted reléted to science?

7. What is the most recent science related workshop or inservice in which you have
participated?

8. How recently have you taken a vscience class or science workshop presented by a
univefsity or college}‘.7

9. How many students do you carry as your class size load?

10. Do you have a copy of the National Science Education Standards?

11. Are you fémiliar‘wi‘th any workshops or activities that make iﬁforniation about the
National Science Education Standards available?

12. Are you male or female?

13. What is your racial origin?
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RESEARCH QUESTIONNAIRE NARRATIVE

. How do you teach your students about the nature of science?

“through exploratory activities in diverse application and areas of science,
particularly with student interest in mind”

. Do you question your students about their understa.ndmg of process skills before,
during, and after experiments?

“I have my students think about how the experiment could be useful in every day life
and then ask them to make a hypothesis that is related to that factor.”

. How do you teach your students to make systematic observations? -

“Through profound observation that I can set up; through usmg vocabulary
appropriate to what we are studying and spending time on a unit that includes how
and what systematic observations are supposed to be like”

. Do you have a special way of teaching your students to interpret and analyze data?

“Students are téught to graph and interpret data in a unit that focuses Qn these
concepts. I also provide them different ways and opportunities to interpret data”

. Do you have a special way of teaching your students how to draw conclusions?
“Students are encouraged to look at the experiment from different perspectives and
infer the importance to their own person. .....I encourage them to develop a personal
perspective for the experiment”

. How do you find out what your students are thinking/learning? -

“through classroom discussion, student joufnals, questions box, and queStionnaires”

Can you describe your philosophy for assessing science process skills?

“My philosophy is to provide students multiple opportunities to express their growth
in the attainment of science process skills.”

. How do your students communicate their conclusions derived from experiments?

“Through journal responses that include pictures, graphs, and random thought, etc.”
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9. How do you know that students understand the process skills that are included in the
nature of science?

“Mainly th:éugh classroom activities when they begin to incorporate the science
process skills automatically”

10. What methods of assessment do you use to evaluate student’s understanding of the
nature of science? : '

“Student portfolios that include classroom assignment, experiment responses, journal
responses. All components should show student progress toward their personal
Jjournal on the the nature of science”
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FOLLOW UP LETTER

2114 Hummingbird Lane

Edmond, Oklahoma 73034
405-341-7890
Date
Name
School
Address
Address
Dear

I would like to take this opportunity to express my appreéiatio_n for your'
participation in my research dissertatioh.- I}\believe the informa'tidh Iy‘ou‘ have shéred with
me will enable our school district to beﬁa plan for proféssional development activities
and better implementation of the National Science Education Standards. I appreciated

~your quick responses and comments about your teaching behaviors and assessment
practices.

| héve enclbsed a copy of thé participant respons‘es and hope that you will enjoy
reading about your middle school associates. Thé names have been changed to ensure
privacy for those who have contributed to the research. If you hav¢ any questions or
comments, please feei free to contacf me.

Thanks again for your participation,

Rosemary H. Eskridge
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