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Standards for Science Teacher Preparation

National Science Teachers Association

Revised 2003

Introduction

Any project intending to write education standards for national dissemination
and implementation is immediately confronted with the fact that education is a state
function, and that the fifty states, plus Puerto Rico, each have their own ideas about
what should be taught to their children. Education, unlike many professions, is a highly
political act: parents and guardians are concerned about what their children are taught;
and various stakeholders have their own ideas about what constitutes a good education.
Whether or not they are directly engaged in setting standards, they want to know why a
particular set of standards has been selected by those entrusted with their children.
Similarly, regulatory agencies and educational institutions must understand why a
particular set of standards has been chosen by the science education community to
underlie the preparation of science teachers.

The National Science Teachers Association (NSTA) Standards for Science
Teacher Preparation are based upon a review of the professional literature and on the
goals and framework for science education set forth in the National Science Education
Standards (NSES) (National Research Council [NRC], 1996). The NSES is a visionary
framework for science teaching in precollege education, based upon the assumption that
scientific literacy for citizenship should be a primary—if not exclusive—goal of science
education at the precollege level.

In the broadest sense, scientifically literate citizens understand the subject matter
of science, but also know and understand the evidence behind the major concepts of
science, how such evidence was obtained and why it has been accepted. They are able,
for example, to distinguish between science as a process of investigation and technology
as a process of design.

Scientifically literate citizens know the difference between scientific and
nonscientific knowledge; they understand that useful knowledge need not always be
scientific, but that scientific knowledge is valued because it is productive in our
interactions with the physical world. They use scientific approaches for analyzing and
solving problems requiring investigation, basing their judgments upon evidence rather
than presuppositions and bias. They understand how science affects their communities
and their lives, and can distinguish productive from nonproductive science. They
understand that science is not always intended to produce immediate tangible benefits.

The NSTA Standards for Science Teacher Preparation are consistent with this
vision of the NSES. Teachers of science at all grade levels must demonstrate
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competencies consistent with the achievement of this vision. They should not only
demonstrate that they have the necessary knowledge and planning skills to achieve these
goals; but also that they are successful in engaging their students in studies of such
topics as the relationship of science and technology, nature of science, inquiry in
science and science-related issues.

These NSTA standards are intended as the foundation for a performance
assessment system, through which teacher candidates must satisfactorily demonstrate
their knowledge and abilities at stable assessment points—gateways—in the science
teacher preparation program. The standards address the knowledge, skills and
dispositions that are deemed important by the National Science Teachers Association
for teachers in the field of science. They are fully aligned with the National Science
Education Standards and consistent with the standards of the National Board for
Professional Teaching Standards (NBPTS) and the Interstate New Teachers Assessment
and Support Consortium (INTASC).

Changes from the 1998 Standards

These standards incorporate a number of changes from the 1998 version. These
changes have come about to remedy weaknesses in the standards discovered in their use
by the NSTA’s NCATE Program Review Board and to address concerns about the
vagueness of some of the 1998 standards.

In NCATE institutional reviews, the review board quickly learned that the ten
standards adopted in 1998 were too broad to be addressed effectively by institutions,
who interpreted the standards in many—sometimes unintended—ways. As an interim
measure, NSTA integrated more specific “dimensions,” into NCATE program review
materials to help institutions understand the meaning of each standard .

The dimensions thus became a de facto subset of standards to which programs
seeking recognition were required to respond. In this revision, the task force has
formally incorporated the dimensions into the standards, refining them in language and
placement in order to define the knowledge, skills or dispositions sought for each of the
original ten standards better. The standards themselves—especially standards two,
three, four, seven and nine—have also been rewritten to focus and clarify their
meanings.

The task force has also added a set of subject matter content recommendations to
this version of the standards. In the 1998 standards, the content recommendations were
similar to those found in the 1987 curriculum-based standards. In addition, the National
Science Education Standards were not directly referred to in the 1998 standards;
references were added later in NCATE documents. In this revision, content
recommendations have been created by the task force based on the recommendations of
the American Association of Physics Teachers, the American Chemical Society, the
National Association of Biology Teachers and the National Earth Science Teachers
Association, and review of the NSES.

These recommendations are expressed in the form of competencies rather than
courses, and are intended to guide institutions and states in their selection of their
subject matter requirements and assessments.

The vision and recommendations of the NSES are given more prominence in
this version of the standards than in the previous version. The unifying concepts, for
example, have been given more attention, and their meanings have been delineated
much more carefully.
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In terms of the format of the standards, the revised standards are each followed
by a “discussion” section—replacing the “rationale” in the 1998 standards—and an
“application to programs” section—replacing the former “recommendations” section.
Narratives in these new sections are tighter and more focused than in the previous
document. The “indicators” sections in the 1998 version were dropped, since they
proved more confusing than helpful in practice.

The revised standards have been subjective to numerous reviews, and comments
received from science teacher educators have been carefully examined for possible
incorporation into the standards. This version of the standards has generally been
positively received and the clarifications welcomed by institutional representatives who
have responded to solicitations for input from the NSTA task force .

NSTA Standards for Science Teacher Preparation

Standard 2: Nature of Science

Teachers of science engage students effectively in studies of the history,
philosophy, and practice of science. They enable students to distinguish science from
nonscience, understand the evolution and practice of science as a human endeavor, and
critically analyze assertions made in the name of science. To show they are prepared to
teach the nature of science, teachers of science must demonstrate that they:

a. Understand the historical and cultural development of science and the evolution
of knowledge in their discipline.

b. Understand the philosophical tenets, assumptions, goals, and values that
distinguish science from technology and from other ways of knowing the world.

C. Engage students successfully in studies of the nature of science including, when
possible, the critical analysis of false or doubtful assertions made in the name of
science.

Discussion

Understanding of the nature of science—the goals, values and assumptions
inherent in the development and interpretation of scientific knowledge (Lederman,
1992)—has been an objective of science instruction since at least the turn of the last
century (Central Association of Science and Mathematics Teachers, 1907). It is
regarded in contemporary documents as a fundamental attribute of science literacy
(AAAS, 1993; NRC, 1996) and a defense against unquestioning acceptance of
pseudoscience and of reported research (Park, 2000; Sagan, 1996). Knowledge of the
nature of science can enable individuals to make more informed decisions with respect
to scientifically based issues; promote students’ in-depth understandings of “traditional”
science subject matter; and help them distinguish science from other ways of knowing
(Lederman, personal communication).

An important purpose of pre-college science education is to educate individuals
who can make valid judgments on the value of knowledge created by science and other
ways of knowing, and to understand why the literature regards scientific knowledge not
as absolute, but as tentative, empirically based, culturally embedded, and the product of
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some degree of assumption, subjectivity, creativity, and inference (Lederman & Niess,
1997).

Research clearly shows most students and teachers do not adequately understand
the nature of science. For example, most teachers and students believe that all scientific
investigations adhere to an identical set of steps known as the scientific method
(McComas, 1996), and that theories are simply immature laws (Horner & Rubba, 1979).
Even when teachers understand and support the need top include the nature of science in
their instruction, they do not always do so (Lederman, 1992). Instead they may rely
upon the false assumption that doing inquiry leads to understanding of science (Abd-EI-
Khalick & Lederman, 2000).

Explicit instruction is needed both to prepare teachers (Abd-El-Khalick &
Lederman, 2000) and to lead students to understand the nature of science (Khishfe &
Abd-El-Khalick, 2002). Helping teachers to focus on nature of science as an important
instructional objective resulted in more explicit nature of science instruction (Lederman,
Schwartz, Abd-El-Khalick & Bell, 2001).

Applications in Programs

All students of science, whether teacher candidates or not, should have
knowledge of the nature of science as defined in this standard, and should have the
skills needed to engage students in the critical analysis of scientific and pseudoscientific
claims in an appropriate way.

This requires explicit attention to the nature of science, as defined in this
standard, as a part of the preparation of science teachers. Candidates should have
multiple opportunities to study and analyze literature related to the history and nature of
science, such as The Demon Haunted World (Sagan, 1996); Great Feuds in Science
(Hellman, 1998) Facts, Fraud and Fantasy (Goran, 1979) and The Structure of Scientific
Revolutions (Kuhn, 1962). In addition, they should be required to analyze, discuss and
debate topics and reports in the media related to the nature of science and scientific
knowledge in courses and seminars throughout the program, not just in an educational
context. Students should engage in active investigation and analysis of the conventions
of science as reflected in papers and reports in science, across fields, in order to
understand similarities and differences in methods and interpretations in science, and to
identify strengths and weaknesses of findings.

Candidates are required to demonstrate that they are effective by successfully
engaging students in the study of the nature of science. Assessments with regard to
understanding may include such possibilities as completion of independent study
courses, seminars or assignments; projects; papers; summative readings; or case study
analyses. Assessments of effectiveness must include at least some demonstrably
positive student outcomes in studies related to the nature of science as delineated by the
standards in this cluster.

Standard 3: Inquiry

Teachers of science engage students both in studies of various methods of
scientific inquiry and in active learning through scientific inquiry. They encourage
students, individually and collaboratively, to observe, ask questions, design inquiries,
and collect and interpret data in order to develop concepts and relationships from
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empirical experiences. To show that they are prepared to teach through inquiry,
teachers of science must demonstrate that they:

a. Understand the processes, tenets, and assumptions of multiple methods of
inquiry leading to scientific knowledge.

b. Engage students successfully in developmentally appropriate inquiries that
require them to develop concepts and relationships from their observations, data,
and inferences in a scientific manner.

Discussion

Reviews of scientific literature demonstrate that scientific inquiry consists of
more than a single series of steps called "the scientific method.” Scientists may use
multiple strategies and processes to solve different kinds of problems. One of the
major goals of science education, according to the Benchmarks for Scientific Literacy
(AAAS, 1993) and the National Science Education Standards (NRC, 1996) is to enable
students to use inquiry to solve problems of interest to them. The ability to engage in
effective inquiry using scientifically defensible methods is considered a hallmark of
scientific literacy.

True inquiry requires the use of nonalgorithmic and complex higher-order
thinking skills to address open-ended problems (Resnick, 1987). Multiple solutions
may be possible, and the inquirer must use multiple, sometimes conflicting, criteria to
evaluate his or her actions and findings. Inquiry is characterized by a degree of
uncertainty about outcomes. True inquiry ends with an elaboration and judgment that
depends upon the previous reasoning processes.

In science education, inquiry may take a number of forms: discovery learning,
in which the teacher sets up the problem and processes but allows the students to make
sense of the outcomes on their own, perhaps with assistance in the form of leading
questions; guided inquiry, in which the teacher poses the problem and may assist the
students in designing the inquiry and making sense of the outcome; and open inquiry, in
which the teacher merely provides the context for solving problems that students then
identify and solve (Trowbridge & Bybee, 1990).

These three approaches lie on a continuum without boundaries between them.
What is common to all of them is that they require students to solve a genuine (to them)
problem by observing and collecting data and constructing inferences from data. More
advanced forms of inquiry require students to ask questions that can be addressed by
research, design experiments, and evaluate conclusions.  Teachers who use inquiry
effectively tend to be more indirect, asking more open-ended questions, leading rather
than directing, and stimulating more student-to-student discussion (Brophy & Good,
1986). In general, the younger the child, the more concrete the inquiries should be.

Students who learn through inquiry gain a deeper understanding of the resulting
concepts than when the same concepts are presented through lecture or readings. This
has led to the principle that less is more: Teaching fewer concepts with greater depth
will result in better long-term understanding than covering many concepts superficially.
In addition, students will gain the skills of inquiry and scientific attitudes desired by the
standards, and gain greater knowledge of how scientific research is actually conducted.
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Applications in Programs

Candidates in a science teacher preparation program should be provided with
multiple opportunities to solve open-ended problems using appropriate scientific
methods. These opportunities should be present in their science content courses, but
also should be fundamental in their science methods preparation. Many candidates
enter teaching because they want to impart knowledge: It is not easy for them to lead
students by listening and questioning, and to allow students to infer proposed solutions
to problems. Practice is essential.

The preparation of teachers for the elementary level, especially generalists,
should require inquiry-based university science courses.  Stalheim-Smith and
Scharmann (1996) and Stoddart, Connell, Stofflett and Peck (1993) found that the useof
constructivist teaching methodologies and learning cycles, methods that are generally
inquiry-based, improved the learning of science by candidates in elementary education.
Such courses also may increase the confidence level of generalists, who are often not
confident in their ability to do science.

Secondary programs should also strongly emphasize inquiry and pay close
attention to preparing teachers to effectively lead students in such activities. All
programs should provide explicit instruction in the nature of inquiry as well as its
applications. Like the nature of science, inquiry is not learned well simply through
practice. In general, the term “scientific method” (for the hypothetico-deductive
method) should be avoided, since it may lead students to believe there is only one way
to conduct scientific inquiries. Inductive studies have played a valuable role in science,
as have mathematical and computer modeling. Hypotheses are not used formally by
scientists in all research, nor are experiments per se the substance of all research.
Candidates should study cases in which different approaches to inquiry are used in
science, and should endeavor to communicate such differences to their students.

The role of the teacher is not just to engage students in inquiry in order to
develop their conceptual knowledge and process skills, but also to increase their
understanding of how scientific inquiries are conducted, and how decisions are made in
science. In this regard, the inquiry standards overlap and support the nature of science
standards.

Inquiry demands skill in the analysis of data and assessment of results to reach
reasonable and valid conclusions. Candidates must be able to demonstrate not only that
they know and understand common and different modes of scientific inquiry, but also
that they can and do effectively engage students in inquiries. They should be able to
demonstrate their effectiveness through student data profiles or similar means that they
are effective in conducting such activities.
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Abstract

This study aimed to identify the level of understanding of science
teachers in Gaza schools to the nature of science and scientific inquiry. To
achieve the study aims, the problem is stated in the following major
question:

What is the level of understanding of science teachers in Gaza
schools to the nature of science and scientific inquiry according to
(NSTA) standards?

The following minor questions emanated from the above major one:

1. What are the (NSTA) standards of science nature that should be
available to the science teachers in Gaza?

2. What are the (NSTA) standards of scientific inquiry that should be
available to the science teachers in Gaza?

3. What is the level of science teachers understanding of the nature of
science Accordance with the standards of National Science Teachers
Association in the Gaza Strip ?

4. What is the level of science teachers understanding of scientific
inquiry Accordance with the standards of National Science Teachers
Association in Gaza Strip ?

5. Are there significant differences between science teachers in
understanding the nature of science Accordance with the standards of
National Science Teachers Association according to gender?

6. Are there significant differences between science teachers in
understanding scientific inquiry Accordance with the standards of

National Science Teachers Association according to gender?
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To answer the questions of the study and verification of hypotheses,
the researcher prepare a study tools: test the nature of science and test the
skills of scientific inquiry, and has been confirmed validity and reliability
of test concepts of the nature of science by using all of the way retail
midterm and the way Coder- Richardson (21) where the reliability
coefficient in this way (0.74) and ( 0.77), respectively, and has been
confirmed the validity and reliability test the skills of scientific inquiry
through the use of both retail midterm and the way Coder- Richardson (21)
as the value of persistence (0.92) and (0.95), respectively, and the
researcher used the descriptive method to complete this study To answer

the questions.

This study has selected a group of teachers form the directorate of
education in east Gaza that they were chosen a randomly about (74) who
teach all school levels as mentioned above, two methods were used in order
to answer the questions from the previous study, these methods represent
the test concept of nature science and the scientific inquiry test prepared by

the researcher .

The most important results have been conducted as a following :-

1. The standard of (NSTA) was extracted and should be owned by the
science teacher to know more about the nature of science and
scientific inquiry.

2. The percentage performance of science teachers in total rate for the
nature scientific test Accordance with the standards of National
Science Teachers Association about 62.08% which is lower than the
acceptable rate educationally and prepared for this study 80% .

3. The percentage performance of science teachers in total rate for the

scientific inquiry test Accordance with the standards of National
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Science Teachers Association about 62.69% which is lower than the
acceptable rate educationally and being prepared for this study about
80% .

4. There are statistically significant differences in the level of (a<0.05)
in the level of understanding the science teacher for the nature of
science Accordance with the standards of National Science Teachers
Association according to (males or females) .

5. There are statistically significant differences in the level of (<0.05)
in the level of science teachers possession for scientific inquiry skills
Accordance with the standards of National Science Teachers

Association according to (males or females) .

This study recommended that it's necessary to take the advantages form
the ( NSTA) standards and it's important for the science teacher to pay
attention of understanding science nature and develop the ability of
teachers to acquire the scientific inquiry skills in order to improve the

education level for the students .
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