Science Standard

Articulated by Grade Level

Introduction

Students are naturally curious about the world and their place in it.  Sustaining this curiosity and giving it a scientific foundation must be a high priority in Arizona schools.  Application of scientific thinking enables Arizona students to strengthen skills that people use every day: solving problems creatively, thinking critically, working cooperatively in teams, using technology effectively, and valuing lifelong learning.  

Science education is much more than merely learning content. It is the active process of investigation and the critical review of evidence related to the world around us, both visible and invisible. Science is a dynamic process of gathering and evaluating information, looking for patterns, and then devising and testing possible explanations.  Active engagement in scientific investigation leads students to think critically and to develop reasoning skills that allow them to become independent, lifelong learners. Science methods and thought processes have application well beyond the bounds of science and support learning goals in all subject areas.

The Arizona Science Standard Articulated by Grade Level has been written for ALL students. The science standard is set with the expectation that science instruction occurs at all grade levels – beginning in early grades with simple exploration, progressing to increasingly organized and sophisticated science investigations in higher grades. 

Underlying all of the science standard strands are the five unifying concepts as identified in the National Science Education Standards (1995):

· Systems, Order, and Organization

· Evidence, Models, and Explanation

· Constancy, Change, and Measurement

· Evolution and Equilibrium

· Form and Function

This conceptual framework provides students with productive and insightful ways of considering and integrating a range of basic ideas that explain the natural world.  Because the understanding and abilities associated with major conceptual and procedural schemes need to be developed over an entire education, the unifying concepts and processes transcend disciplinary boundaries. 

These unifying concepts can be introduced in early grades and developed appropriately through the elementary grades and high school. Students should be explicitly shown how each of these unifying concepts apply to and connect life, physical, and earth and space sciences. These science content areas can be taught in conjunction with each other, as well as with other subject areas in an interdisciplinary approach. The unifying concepts in science education help focus instruction and provide a link to other disciplines. 

Background

The state Board of Education adopted the Arizona Academic Standards in 1998 to define what Arizona’s students need to know and be able to do by the end of twelfth grade.  Developed by committees comprised of educators, parents, students, and business and community leaders, these standards were written in grade-level clusters with benchmarks at 3, 5, 8, and high school.

Rationale

Requirements in the No Child Left Behind Act of 2001 (NCLB) and the need for periodic review of the state academic standards prompted the decision by the Arizona Department of Education (ADE) to refine and articulate the academic standard for science by grade level.  This refinement and articulation project was started in April 2003, and was completed in May 2004.

Methodology

The Science Standard Revision Committee was composed of a statewide representation of scientists and science educators to reflect school districts large and small, rural and urban, as well as the ethnic diversity of Arizona. National science consultants, university professors, and community members advised the committee and provided valuable reviews of the work in progress. The goal was to articulate, or align, the current academic standards by grade level (K-8) and in high school with the state requirement of two years of high school science.  

The committee utilized several nationally recognized publications to establish content guidelines during the development of the draft:

· National Research Council (NRC)

· National Science Education Standards 

· Inquiry and the National Science Education Standards
· Designing Mathematics or Science Curriculum Programs 

· The American Association for the Advancement of Science 

· Atlas of Science Literacy

· Benchmarks for Science Literacy 

· Design for Science Literacy 

· Science for All Americans
· Science Framework for the 1996 and 2000 National Assessment of Educational Progress (NAEP) 
The committee created draft documents by first reviewing the existing standards. The performance objectives were articulated, or aligned, to the appropriate grade levels.  Over a period of months, subcommittees, composed of representatives of the full committee, met to refine the documents. A guiding principle in the articulation process was whether a performance objective was reasonable, useful, and appropriate. The measurability of each performance objective was also considered.

External reviews by nationally recognized consultants and reviews by university and local experts provided additional guidance and perspective to the committees.

Public review of the Science Standard Articulated by Grade Level occurred during the month of February 2004.  A draft of the standard was placed on the ADE website with the option for individuals to make comments online.  Six public hearings occurred throughout the state to collect additional comments. After all public comments were collected and organized, the committee met to review them and to recommend appropriate modifications to the standard.  This final draft was presented to the state Board of Education in May 2004 for adoption as the Arizona Science Standard Articulated by Grade Level.

Organization of the Science Standard

The Science Standard Articulated by Grade Level is divided into the following six strands:

1. Inquiry Process

2. History and Nature of Science 

3. Science in Personal and Social Perspectives

4. Life Science

5. Physical Science

6. Earth and Space Science

The goal in the development of the standard was to assure that the six strands and five unifying concepts are interwoven into a fabric of science that represents the true nature of science. Students have the opportunity to develop both the skills and content knowledge necessary to be scientifically literate members of the community. 
Strands 1, 2, and 3 are designed to be explicitly taught and embedded within each of the content strands 4, 5, and 6, and are not intended to be taught in isolation. The processes, skills, and content of the first three strands are designed to “umbrella” and complement the content of Life Science, Physical Science, and Earth and Space Science. 
At the high school level, Strands 4, 5, and 6 (Life Science, Physical Science, and Earth and Space Science) contain content area knowledge and skills that are, by nature, course specific. These strands were written to provide frameworks for complete courses in Life, Physics, Chemistry, and Earth and Space sciences. 

The high school science Arizona Instrument to Measure Standards (AIMS) will be based on content from all six strands.  All performance objectives in strands 1, 2 and 3 may be included on the high school AIMS. In strands 4, 5 and 6, some, but not all, of the performance objectives will be measured.  Within these content strands, the performance objectives with asterisks are identified for possible inclusion on the high school AIMS.  A blueprint of the Science AIMS will be available following test development.

The itemized portions of the performance objectives, shown with bullets, provide the specific content that is to be learned by students as part of the outcome of the performance objective.  The format of this itemized list does not imply that all components must be taught in one lesson or in any particular order.  Teachers should decide how best to organize the content to meet the needs of their students. 

Strand One: Inquiry Process

“Science as inquiry is basic to science education and a controlling principle in the continuing organization and selection of students’ activities.  Students at all grade levels and in every domain of science should have the opportunity to use scientific inquiry and develop the ability to think and act in ways associated with inquiry…” (NSES 1995). Inquiry Process establishes the basis for students’ learning in science. Students use scientific processes: questioning, planning and conducting investigations, using appropriate tools and techniques to gather data, thinking critically and logically about relationships between evidence and explanations, and communicating results.  

Strand Two: History and Nature of Science

 “Knowledge of the nature of science is central to the understanding of the scientific enterprise.” (NAEP 2000) Scientific investigation grows from the contributions of many people.  History and Nature of Science emphasizes the importance of the inclusion of historical perspectives and the advances that each new development brings to technology and human knowledge.  This strand focuses on the human aspects of science and the role that scientists play in the development of various cultures.

Strand Three: Science in Personal and Social Perspectives

Science in Personal and Social Perspectives emphasizes developing the ability to design a solution to a problem, to understand the relationship between science and technology, and the ways people are involved in both.  Students understand the impact of science and technology on human activity and the 

environment.  This strand affords students the opportunity to understand their place in the world – as living creatures, consumers, decision makers, problem solvers, managers, and planners. 

Strand Four: Life Science

“The fundamental goal of life sciences is to attempt to understand and explain the nature of life.” (NAEP 2000)  Life Science expands students’ biological understanding of life by focusing on the characteristics of living things, the diversity of life, and how organisms and populations change over time in terms of biological adaptation and genetics.  This understanding includes the relationship of structures to their functions and life cycles, interrelationships of matter and energy in living organisms, and the interactions of living organisms with their environment.

Strand Five: Physical Science

“The physical science component … should probe the following major topics: matter and its transformations, energy and its transformations, and the motion of things.” (NAEP 2000) Physical Science affords students the opportunity to increase their understanding of the characteristics of objects and materials they encounter daily. Students gain an understanding of the nature of matter and energy, including their forms, the changes they undergo, and their interactions. By studying objects and the forces that act upon them, students develop an understanding of the fundamental laws of motion, knowledge of the various ways energy is stored in a system, and the processes by which energy is transferred between systems and surroundings.

Strand Six: Earth and Space Science

“Earth science is the study of the planets, earth’s composition, processes, environments and history, focusing on the solid Earth, and its interaction with air and water.”  (NAEP 2000)  Earth and Space Science provides the foundation for students to develop an understanding of the Earth, its history, composition, and formative processes, and an understanding of the solar system and the universe. Students study the regularities of the interrelated systems of the natural world. In doing so, they develop understandings of the basic laws, theories, and models that explain the world (NSES, 1995). By studying the Earth from both a historical and current time frame, students can make informed decisions about issues affecting the planet on which they live.
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