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Executive Summary

Three panels of practicing scientists and engineers were assembled in the Summer of
2007 for the purpose of reviewing the current Virginia Standards of Learning (SOL) in
physics and chemistry and Virginia’s K-12 program in engineering. Members of the
panels were drawn from university physics and chemistry departments, schools of
engineering, government research laboratories, and industry from across the
Commonwealth. This diversity of membership provided background at all technology
readiness levels from basic research to technology and development to manufacturing
and operations.

The panels did not focus on advanced science content but rather were asked to answer the
question: What are the physics (chemistry/engineering) essential content to reach 80% —
90% of all high school students to help them become productive citizens in the 21
Century? Or: What is the essential physics (chemistry/engineering) knowledge that
citizens should have to understand the world around them, to make decisions on
political questions that more and more involve understanding of science and
technology, to triage and understand the plethora of news and information that is
available by the current World Wide Web and will be available on the next
generation Internet?

This is the final report of the Panel on Engineering which met at the National Institute of
Aerospace in Hampton, Virginia, June 5-6, 2007.

Four weeks prior to the meeting, panel members were provided materials on proposed
national science standards, including those developed by the National Research Council
and Project 2061 of the American Association for the Advancement of Science, and
information on a selection of K-12 engineering programs that are in use nationally.

After working in facilitated sessions as subgroups and a committee of the whole, the
Engineering Panel developed the following findings:

e General:

o Because engineering is often conflated with science and mathematics, the
panel developed a working definition: “Engineers identify human needs
and wants, then creatively apply mathematics, science, technology, and
other disciplines in (e.g., aesthetics, urban studies, operations, etc.) and
impose relevant constraints (e.g., cost, schedule, redundancy, etc.) to
design and evaluate innovative products and systems that address those
needs and wants.” (Engineering is inherently interdisciplinary and creates
new value to satisfy a stated need while science discovers relationships in
and characterizes the existing world.)

o The two major strands identified as "The Designed World" and "The
Nature of Technology" in the American Association for the Advancement
of Science’s Project 2061 “Benchmarks” are not adequately addressed in
Virginia’s current required K-12 curriculum. The engineering design



process, including the problem definition and the role of multiple
constraints, is a critical component of engineering knowledge, and
understanding that process as well as the ways in which engineering
impacts public life are critical to helping Virginia's citizens make
informed decisions.

To prepare for the 21st Century, students need to have more application-
oriented work in science and mathematics, either by integrating
engineering into the current science strands, through a separate
engineering strand, or through some combination of the two to help K-12
teachers use examples from "the designed world" to demonstrate
applications of science, technology and mathematics to the designed world
including the political, economic, environmental, sociological, and
technological ramifications.

e Student Success

o

Engineering bridges a gap between the mostly theoretical current K-12
mathematics and science curriculum and the traditional and 21% century
trades areas of the K-12 Career and Technical Education Program (see
figure on page 6).

Because women and minorities continue to be underrepresented in
engineering, efforts to address K-12 engineering should incorporate
specific activities to reach these underrepresented groups regarding careers
in engineering to ensure that 21* century engineers are drawn from the
largest possible workforce pool.

e Specific Implementation

©)

Any implementation of an engineering curriculum must have teacher
training and on-going support as a required component.

The teaching of engineering processes and principles should begin in K-5.
Required engineering modules should be integrated into 6-8 curriculum
Any discussion of engineering modules, outcomes, and standards must
include a discussion of appropriate methods of assessment that move
beyond multiple choices tests (which do not effectively capture
engineering knowledge, particularly with respect to the design process and
the impact of engineered technologies on society). Effectively designed
assessment processes, along with the investment required to sustain those
assessments, are central to the successful inclusion of engineering in the
K-12 curriculum.

Engineering courses that prepare students for a career in engineering
should be available to all high school students.

The nationally available program, Project Lead The Way (PLTW) satisfies
almost all of the panels requirements for an engineering preparatory
program and should be considered as basic high school engineering
program to be implemented “as is” or used as a basis while customizing
and continuously improving a school’s engineering offerings.



Figure. Engineering bridges a gap between the mostly theoretical current K-12
mathematics and science curriculum and the traditional and 21* century trades
areas of the K-12 Career and Technical Education Program
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Introduction and Background

In the Fall of 2006, NASA engaged in discussions with the Office of the Secretary of
Education in Virginia with regard to partnering for the development of a workforce
skilled in the capabilities needed by NASA for the 21* century. With many of its staff
nearing or past retirement age, NASA was particularly concerned about its next-
generation workforce while the Office of the Secretary of Education was interested in
having a STEM'-capable team examine the current content of the STEM curriculum in
the state and carry out an independent “gap analysis”. A recent study” published by
Achieve, Inc., showed that many graduates go into the workplace or further education
after high school graduation feeling unprepared, identified by their employers as
unprepared, or requiring remedial, not-for-credit courses. An agreement® was reached
whereby NASA would provide a scientist/engineer to the Secretary’s office for nine
months during which, he/she would lead a review of the physics, chemistry, and
engineering’ programs in Virginia. The reviews would be carried out by panels or teams
of practicing scientists and engineers, drawn from research university content area
departments, government research laboratories, and industry. The output from each
review panel would be a white paper deliverable to the Secretary of Education and
publicly available.

Over the past twenty years, two well-respected national organizations, the National
Research Council of the National Academies of Science and the American Association
for the Advancement of Science have developed documents that lay out potential national
standards and benchmarks for Science in the Nation’s schools K-12°.

In addition to these two national efforts, the past fifteen years has seen individual states
develop their own standards in a number of academic disciplines. Virginia began its
standards development under Governor George Allen around 1994. The focus of these
first standards was school accountability. In an effort to assure accountability of all of
Virginia’s public schools with respect to some common course content, the Virginia
Standards of Learning (SOL) were created. These SOL are implemented as outcome

" STEM is an acronym for Science, Technology, Engineering, Mathematics.

2 “Rising to the Challenge: Are High School Graduates Prepared for College Work? A
Study of Recent High School Graduates, College Instructors, and Employers”.
Conducted for Achieve, Inc. by Peter D. Hart Research Associates (February 2005).

3 Intergovernmental Personnel Act (IPA)

* While NASA has an interest in all STEM areas, it has a particular interest in physics
and chemistry, the science basis for new and exotic materials that would be required to
carry out its Exploration mandate, and engineering which is the basis for the development
of these materials into useful structures and the spaceflight capabilities to use them.
Follow-on panels to similarly review the other science areas are a possible future activity.
3 National Science Education Standards (National Academy Press, 1996) and Project
2061: Science for All Americans and Benchmarks for Science Literacy (American
Association for the Advancement of Science, 1990).



standards in that the assessments or tests associated with them identify whether the
material was learned by students (as opposed to simply taught by teachers).

To further clarify what the SOL are intended to be and what they are not intended to be,
we can look at two excerpts from the Introduction to Virginia’s Science SOL:

e “The Science Standards of Learning for Virginia’s Public Schools identify
academic content for essential components of science curriculum at different
grade levels.” and;

e “The Standards of Learning are not intended to encompass the entire science
curriculum for a given grade level or course or to prescribe how the content
should be taught. Teachers are encouraged to go beyond the standards and select
instructional strategies and assessment methods appropriate for their students.”

While conceived as minimal accountability standards (a floor), the content of the SOL
soon became the course outline for many teachers. As fiscal pressure, particularly
through the No Child Left Behind (NCLB) Federal legislation, increased for students to
pass these state assessments, school administrators put more pressure on teachers to
assure that their students would indeed pass. This pressure along with the large breadth
of the SOL for some courses, has precluded many teachers from “go(ing) beyond the
standards”.

The standards are revised every seven years as a part of the formal review process
approved by the State Board of Education — science undergoes its next revision in 2010.
The output from the physics and chemistry panels is intended to inform that review
process.

The job of Physics Team and Chemistry Team was to develop some consensus around
the essentials of citizen knowledge in (physics)/(chemistry) for the next 25 years. That is,
what is the essential physics or chemistry knowledge that citizens of the Commonwealth
should have to understand the world around them, to make decisions on political
questions that more and more involve understanding of science and technology, to triage
and understand the plethora of news and information that is available by the current
World Wide Web and will be available on the next generation Internet. The task of the
Engineering Team was not too much different but was a bit more broadly defined in
terms of what engineering program would be most appropriate for our students in the 21%
century. Engineering is not a part of the traditional curriculum for which there are SOL;
it has developed in the CTE (Career and Technical Education) division of the Virginia
Department of Education. Thus the panel could not look at an SOL content set for
engineering, but, rather, looked at various programs that Virginia teachers have created,
some “turn-key” national programs that have been created and are available for purchase,
and the K-12 SOL for engineering in the state of Massachusetts.



Finally, a reminder that these panels were NOT defining advanced course content — that
work is being done nationally and it focuses on the top 10% of our students®. The panel’s
focus was on ALL students in laying out a safety net of science (physics/chemistry) and
engineering content that the remaining 90% of Virginia’s high school students need to be
economically and politically productive citizens of Virginia in the 21% Century.

The expression “STEM” is often used rather loosely to describe any curriculum that is
science or math related. For the purposes of understanding the engineering panel’s
output, it is important to differentiate between the four STEM components. We will
assume the following descriptive definitions:

e Science is the study of the existing physical world and its manifestations,
especially through systematic observation and experiments. Science explains the
world that is.

e Technology is the application of scientific and engineering knowledge to achieve
a practical result.

e Engineering is the creation or development of new devices and objects that are of
importance or value to humans and society.

e Mathematics is a branch of pure science or philosophy (logic) that in its applied
state can be used to help make quantitative analyses and predictions for science,
technology, and engineering.

This report presents the results from the Engineering Panel in its consideration of what
engineering knowledge 90% of Virginia’s students need to be economically and
politically productive citizens of the Commonwealth for the 21% century. The panel also
reports on what programs should be available to those students who are considering a
career in engineering.

¢ In Virginia (2004 data), approximately 10% of students in grades 9-12 were taking one
or more Advanced Placement courses; 1% were in Governor’s Schools, and 0.25% were
in International Baccalaureate (IB) programs. The College Boards are working on
aligning AP courses and the American Institute of Physics and NRC have developed
reports on advanced needs in physics and chemistry respectively.



Philosophy for Selecting Team Membership

Because many previous SOL content development teams were made up with a
preponderance of K-12 science educators, with some practicing scientists only as
advisors or reviewers, this team was designed to complement and supplement the
content-area expertise of those teams. The Engineering Team was designed to have
subject matter expertise across a large range of engineering activities and endeavors from
basic research through technology and development to operations and production. To
this end, members were solicited from university engineering schools, government
research laboratories, industry, and K-12. Three Virginia K-12 teachers who were
currently teaching engineering in their schools were solicited. There was an attempt to
get a diverse mix of members and a mix of government laboratories that spanned the
Department of Energy, NASA, and the Department of Defense.

Members of the Engineering Team’ and their major affiliation were:

Dr. Marie Paretti Virginia Tech

Dr. John Bean University of Virginia

Mr. Jerry Robertson ODU

Dr. Bob Kolvoord JIMU

Dr. Bob Lindberg National Institute of Aerospace

Dr. Charlie Camarda NASA — Johnson Space Center

Dr. Doug Dwoyer NASA - Langley Research Center

Mr. George Biallas Department of Energy — Jefferson Lab
Mr. Alan Dean Naval Surface Warfare Center — Dahlgren
Dr. Mohammad Takallu Lockheed — Martin

Mr. Matt Miller Micron Technology Virginia

Mr. Marty Rothwell Chantilly Academy Fairfax County

Mr. Roger Hunt Jamestown High School Williamsburg
Ms. Cheryl Simmers Appomattox Governor’s School Petersburg

What this team brought to the scene was unique — not claimed to be better or worse just
unique - from previous SOL and curriculum work in three ways:

e They were a team of content-centric practitioners — not education
specialists.

o They had available descriptions of a selection of K-12 engineering
programs that were already in place across Virginia and the Nation.

e They brought a range of perspective from university research and
technology through government laboratory technology and development to
industry development and production.

7 A short biography for each member is in Appendix A
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Preparation for Meeting

Because the team was developed for its engineering content-area expertise and came
from diverse backgrounds across the research, technology, development, and production
compass, a set of documents was prepared to provide background on the current state of
K-12 engineering in the United States and some national thinking about what science
should be in the 21* century. The full set of documentation is Appendix B and a
summary is given here.

Members were provided information from three nationally available engineering
programs: Project Lead The Way (PLTW); Texas Instrument’s The Infinity Project; and
Ford Motor Company’s Partnership for Advanced Study (PAS). They also received a
copy of the Standards of Learning (SOL) for the K-12 engineering program that was
instituted in Massachusetts in 2001.

Project Lead The Way (PLTW) was first created in New York State to fill a curriculum
gap in engineering for high schools. It is administered nationally through a non-profit
corporation and program integrity is ensured in each state through an “affiliate”
university school of engineering which provides training, support, and on-going
validation of PLTW-offering schools in that state. Old Dominion University’s Batten
School of Engineering is the affiliate in Virginia (Duke is the affiliate in North Carolina)
and offers a two-week residential summer teacher training program that is required of
teachers for each course. PLTW provides a complete traditional 4-year engineering
program that begins with “Introduction to Engineering” in the ninth grade, “Principles of
Design” in tenth grade, a specific focus course such as “Aerospace” “Computer
Integrated Manufacturing”, “Blotechnology” etc in 11™ grade, and a capstone team
design/build/operate course in 12" grade. PLTW also has a middle school curriculum
called “Gateways to Technology”.

The Infinity Project was developed by Texas Instruments Corporation to fill a gap in the
development of Digital Design Engineers for TI’s next generation workforce. It is
administered through Southern Methodist University where a one-week residential
training program is offered to prepare Infinity Project teachers. The course focuses on
digital electronic engineering as the course textbook, “Engineering Our Digital Future”
indicates. The final chapter of the textbook does address other engineering disciplines in
“The Big Picture”. A laboratory activity kit can be purchased along with the book.

The Ford PAS program is designed from Ford’s global needs in engineering capability
with understanding of markets, economies, social interactions, and technology. It is
made up of five semester-long courses, each of which is made up of three modules. The
course can be taught as designed or some of the individual modules can be integrated into
U.S. History, Statistics, Physics, Economics, and Engineering. The courses are Building
Foundations (problem solving, communication, research skills); Adapting to Change
(careers, companies, communities, environment, efficiency); Managing and Marketing
with Data (business success, quality, data to knowledge); Designing for Tomorrow
(reverse engineering, different by design, energy for the future); and Understanding the



Global Economy (wealth of nations, markets without borders, global citizens). Training
and teacher development is available from Ford.

Team members also received a copy of the “Kentucky Survey of Critical Technologies:
Highlights” from June of 2004. This document reports on the results of a survey of some
500 middle and high school science teachers in Kentucky regarding their awareness and
comfort with contemporary and emerging technologies. As an example, while 99% of
those surveyed were aware of the concept of “stem cells”, only 47% said that they
understood that concept, and 24% taught it. Sixty per cent of these teachers were aware
of “nanotechnology”, but only 18% said that they understood it, and 7% replied that they
taught it. Thirty-eight percent of these teachers also said that their preferred source of
content training was the web with only 8% preferring “In-service” programs at their
schools.

The Commonwealth of Massachusetts recently put in place a complete K-12 engineering
curriculum and the standards of learning (SOL) for that program were provided to panel
members.

They were also given selections from the National Research Council’s “National Science
Education Standards” and complete copies of two books: The American Association for
the Advancement of Science Project 2061 “Science for All Americans” and
“Benchmarks”.

Science for All Americans differentiates mathematics, science, and engineering as
follows: “Scientists see patterns in phenomena as making the world understandable;
engineers also see them as making the world manipulable. Scientists seek to show that
theories fit the data, mathematicians seek to show proof of abstract connections;
engineers seek to demonstrate that designs work...”

Two specific chapters of Science for All Americans were a focus for the engineering
panel: The Nature of Technology and The Designed World.

From The Nature of Technology, “In the broadest sense, technology extends our abilities
to change the world, to cut, shape, or put together materials; to move things from one
place to another; to reach farther with our hands, voices, senses. We use technology to
try to change the world to suit us better. The changes may relate to survival needs such
as food, shelter, or defense or they may relate to human aspirations such as knowledge,
art, or control. But the results of changing the world are often complicated and
unpredictable. They can include unexpected benefits, unexpected costs, and unexpected
risks — any of which may fall on different social groups at different times. Anticipating
the effects of technology is therefore as important as advancing its capabilities”

From The Designed World: “The world we live in has been shaped in many important
ways by human action. We have created technological options to prevent, eliminate, or
lessen threats to life and the environment and to fulfill social needs. We have damned
rivers and cleared forests, made new materials and machines, covered vast areas with

12



cities and highways, and decided — sometimes willy-nilly — the fate of many other living
things.

In a sense then many parts of the world are designed — shaped and controlled, largely
through the use of technology — in light of what we take our interests to be. We have
brought the earth to a point where our future well-being will depend heavily on how we
develop and use and restrict technology. In turn, that will depend heavily on how well we
understand the workings of technology and the social, cultural, economic, and ecological
systems within which we live.

While Science for All Americans is written from a holistic science viewpoint, the issues
that humans have control over in the two excerpts above — the development of
technologies and their applications - are controlled through engineering.

13



Meeting Place and Process (Agenda)

The Engineering Panel met on June 5-6, 2007 at the National Institute of Aerospace in
Hampton, Virginia. Members had received their preparation reading four weeks in
advance of the meeting. The agenda was structured to get the participants first to talk
about their own engineering expertise, background, and any initial thoughts they had on
the preparatory material or the problem in front of the panel.

Next, the participants were put into four smaller homogeneous breakout groups to
consider (brainstorm) the main question before them: What is the engineering essential
content to reach 80% — 90% of all high school students to help them become
productive citizens® in the 21% Century? The four homogeneous groups were broken
out as:

University representatives
Government laboratory representatives
Industry representatives

K-12 representatives

The four homogeneous groups then reported out to the entire panel, with all panel
members engaging in discussion for clarification.

Next, the participants were grouped into three “mixed groups” wherein each group had a
mix of membership from each of industry, K-12, university, and government lab. The
three mixed groups were asked to develop a draft of recommendations based on their
earlier homogeneous group discussions and report-out. These groups reported out to the
entire panel and their ideas were catalogued (like-things combined) and prioritized.

Finally, the whole group was asked about what engineering courses should be available
to potential engineering majors — the first day and a half having been devoted to the
engineering needs of ALL students.

8 What is the essential engineering knowledge that citizens should have to understand the
world around them, to make decisions on political questions that more and more involve
understanding of science and technology, to triage and understand the plethora of news
and information that is available by the current World Wide Web and will be available on
the next generation Internet.

14



Results

Participants began the meeting by introducing themselves, their particular area of
engineering expertise, and their thoughts based on their expertise and preliminary reading
material. Among the issues raised were:

e Training of engineering teachers.

e How to provide engineering classes in rural as well as urban areas.

¢ Who would be willing to teach K-12 engineering with the pay difference between
engineering jobs and K-12 teachers’ salaries?’
Consider the ethics of engineering.
Differentiate “engineering” from “technology”.
What are U.S. engineering needs in the current world of offshore outsourcing?
(Innovation?)

e At what age should engineering be introduced?

The team then broke out into four homogeneous groups — groups whose members shared
similar affiliation as:

University
Government Lab
Industry

K-12

These groups worked independently on the first fundamental question: What is the
engineering essential content to reach 80% — 90% of all high school students to help
them become productive citizens in the 21* Century?

The groups then reported out their findings to the whole team. While there was some
overlap in the products between teams, some of the outputs of this first brainstorming
session were as follows:

e University
o Need for definition and clarification of “engineering”
o What aspects of engineering should students have by the completion of
high school? (decision-making, assessment of problems/finding solutions)
o Make science SOL more applications oriented.
o Do not underestimate younger children’s ability to understand engineering
principles — they are not too abstract.
e Government Lab
o Tried to answer the question: What information is necessary to carry us
into the future — engineering for society?

? Entry level to 10 years experience salary range for engineers ($53K - ~§100K); Entry
level to 10 years experience salary range for K-12 teachers ($35K - ~$43K). National
salary data from Salary.Com

15



Skills: Graphical representation, draw a picture, modeling, understand
technology and its limits.

Basic knowledge: the sciences and probability/statistics.

Abilities: Logical thinking, understanding components/integration,
analysis, understanding boundaries of problems and impact of potential
solutions, oral and written communication

What is lacking in current education?: Not enough creativity, mechanical
thinking dominates originality and imagination, few open ended problems,
low long-term retention of material, inability to deal with ambiguity.

e Industry

o]

(@)
)

Math and science provide tools used by engineers to analyze “manmade”
world

Engineering provides tools for scientists to understand the natural world.
Engineering/Science relationship should be understandable to middle and
high school students

Provide broad overview of field of engineering

Industry needs: technologically literate workers/public; ability to work
independently and in groups; good citizens; a large pool of qualified
engineers.

Engineering process impacts life skills of decision-making

Research process remains the same throughout disciplines but is a difficult
process for students to grasp due to lack of integration and a lack of time
for teachers to discuss it.

SOL put high demand on teachers to teach specifically to SOL material so
they try to cram additional material in after the SOL testing

Students often are intent on reaching an endpoint — makes schools a task
instead of a journey.

The second day opened with a review of overnight thoughts on the matter before the team
and a second breakup into three smaller groups. These groups were mixed or
heterogeneous with each group having a mix of university, government lab, K-12, and
industry perspectives. These groups continued to work the output of the homogeneous
groups and reported out as follows:

e Group 1:

o
)

Definition of “engineering” — Engineers identify human needs/wants
Content offered to the 90% - design experience and comprehension;
understanding life-cycles; how engineered products/systems change life;
fundamental principles such as stress analysis and statistics.

e Group 2:

O
©)

Cyclical engineering design process

Definition of engineering: “Engineers are individuals who combine
knowledge of multiple disciplines to solve problems that confront society,
and to utilize methods, materials, and forces of nature for the benefit of all
humans”

16



e Group 3:
o Proposal: Implement Project Lead The Way (PLTW) Statewide (use same
approach as South Carolina)
National existing curriculum
Has assessment tools
In 14 Virginia school divisions today
Engages a vast majority of the issues brought up in the
panel discussion
o Use PLTW “Gateway” programs in middle school for “90%”

Finally, the full team addressed the second issue: that of preparing students to major
in engineering in college — though this had been touched on by some breakout groups
earlier. Discussions among the whole group brought out the following points:

e Skills
o Motivated
o See big picture
e Supporting math
o Applied algebra
o Data analysis
o Software package such as MATLAB
o Show work — don’t just test getting answer
e Ideal engineer
o See NAS Engineer 2020 Report
Strong analytical skills
Practical ingenuity
Creativity, innovation
Good communication
Leadership
High ethics, professionalism
Life-long learners
Able to solve open-ended problems in high school
Drawn to majors by inspiring faculty
American students have career choices throughout formal education
process
o Tolerance of ambiguity
e Create hands-on/open-end design project
o FIRST series (FIRST Lego League, VEX, FIRST Robotics)
o Destination Imagination
o Odyssey of the Mind
o Mentors from engineering but trained in pedagogy to inspire
o Innovative and culturally relevant
o
o
o

O 0O 0O O0OO0OO0OO0OO0OO0OOo

Manageable challenges, low-cost, fun

Digital libraries or open-source materials reviewed by users

Possibly introduced in a pre/intro to engineering course that is design
focused, somewhat math based, uses state-of-the-practice software



In summarizing the material and discussion brought out during the two days of working
in facilitated sessions as subgroups and a committee of the whole, the Engineering Panel
output can be presented in the following findings and recommendations:

e General:

o Because engineering is often conflated with science and mathematics, the
panel developed a working definition: “Engineers identify human needs
and wants, then creatively apply mathematics, science, technology, and
other disciplines in (e.g., aesthetics, urban studies, operations, etc.) and
impose relevant constraints (e.g., cost, schedule, redundancy, etc.) to
design and evaluate innovative products and systems that address those
needs and wants.” (Engineering is inherently interdisciplinary and creates
new value to satisfy a stated need while science discovers relationships in
and characterizes the existing world.)

o The two major strands identified as "The Designed World" and "The
Nature of Technology" in the American Association for the Advancement
of Science’s Project 2061 “Benchmarks”are not adequately addressed in
Virginia’s current required curriculum. The engineering design process,
including the problem definition and the role of multiple constraints, is a
critical component of engineering knowledge, and understanding that
process as well as the ways in which engineering impacts public life are
critical to helping Virginia's citizens make informed decisions.

o To prepare for the 21st Century, students need to have more application-
oriented work in science and mathematics, either by integrating
engineering into the current science strands, through a separate
engineering strand, or through some combination of the two to help K-12
teachers use examples from "the designed world" to demonstrate
applications of science, technology and mathematics to the designed world
including the political, economic, environmental, sociological, and
technological ramifications.

e Student Success

o Engineering bridges a gap between the mostly theoretical current K-12
mathematics and science curriculum and the traditional and 21* century
trades areas of the K-12 Career and Technical Education Program (see
figure below)

o Because women and minorities continue to be underrepresented in
engineering, efforts to address K-12 engineering should incorporate
specific activities to reach these underrepresented groups regarding careers
in engineering to ensure that 21 century engineers are drawn from the
largest possible workforce pool.

e Specific Implementation

o Any implementation of an engineering curriculum must have teacher
training and on-going support as a required component.

o The teaching of engineering processes and principles should begin in K-5.

o Required engineering modules should be integrated into 6-8 curriculum



o Any discussion of engineering modules, outcomes, and standards must

include a discussion of appropriate methods of assessment that move
beyond multiple choices tests (which do not effectively capture
engineering knowledge, particularly with respect to the design process and
the impact of engineered technologies on society). Effectively designed
assessment processes, along with the investment required to sustain those
assessments, are central to the successful inclusion of engineering in the
K-12 curriculum.

Engineering courses that prepare students for a career in engineering
should be available to all high school students.

The nationally available program, Project Lead The Way (PLTW) satisfies
almost all of the panels requirements for an engineering preparatory
program and should be considered as basic high school engineering
program to be implemented “as is” or used as a basis while customizing
and continuously improving a school’s engineering offerings.

Figure. Engineering bridges a gap between the mostly theoretical current K-12
mathematics and science curriculum and the traditional and 21* century trades
areas of the K-12 Career and Technical Education Program

Skill Components

HANDS-ON .

Theoretical Physics < > i Physics
Mathematician Scientist Engineer Engineering 2
Technologist’
Algebraist Physicist Aerospace Wind Tunnel Traditional
Geometer Chemist Automotive Aircraft Maint WH"';;'\'EG
Topologist Biologist Chemical Airframe/Powerplant Electricity
Statistician Research MD Electronics Particle Detectors Plumbing
Astronomer Computer Integrated Circuits Electronics
“Discover languages to Geologist Civil M?;:::rﬂ';;‘“
quantitatively descrbe Model & Simulati “f X & op
existing world” “Di & d 1 h Surgeon new systems” 21st Contury

A+ Computer Repair

existing world"” Comp Network Admin

“Design & build CISCO Network
new systems” ORACLE Internet
4-yr college (+) 4-yr college (+) Model &c :ifDnulation
“Traditional Academic” S colageiOT  weteasprte
e—fyrcgllegelt) . i i m . -
Current K-12 “Gap” HS with national
cortifications
A ———
* Sometimes “Instrument Maker"” CTE

19






APPENDIX A

Short Biographies of Engineering Team Members:

Dr. John Bean, J.M. Money Professor of Engineering and Applied Science, University of
Virginia. BS (Applied Physics) Caltech; MS and Ph.D. (Applied Physics) Stanford.
Previously, Dr. Bean was Head of the Material Science Research Department at Bell
Labs in Murray Hill, N.J. His most recent research interests have been in the self-
assembly of semiconductor nanostructures and the development of new techniques for
the fabrication of molecular electronic devices. He initiated the UVA Virtual Lab public
science education website and has received the UVA “All University Teaching Award”.

Mr. George Biallas, Senior Staff Engineer, Jefferson Lab-Department of Energy. BSME
University of Illinois; Registered Professional Engineer. Mr. Biallas is responsible for
the concepts, design, and construction of high energy beam transport systems, target
systems, and infrastructure including superconducting magnets and cryostats for state-of-
the-art national accelerator facilities. Previously, he was a staff engineer at Enrico Fermi
Institute and Fermi National Accelerator Laboratory.

Dr. Charlie Camarda, Astronaut and Deputy Director for Advanced Projects, NASA —
Johnson Space Center. BS (Aerospace Engineering) Polytechnic Institute of Brooklyn;
MS (Mechanical Engineering) George Washington University; Ph.D. (Aerospace
Engineering) Virginia Tech. Previously, Dr. Camarda carried out materials research and
was Head of the Thermal Structures Branch at NASA Langley Research Center and
served as Director of Engineering at NASA Johnson. He was selected to be an astronaut
in 1996 and flew on the return-to-flight mission of the Space Shuttle, STS-114 in 2005.

Mr. Alan Dean, Deputy NAVSEA Warfare Center Workforce Executive, Naval Surface
Warfare Center — Dahlgren, VA. BS (Electrical Engineering) Lowell Technological
Institute; MS (Electronics Engineering) Virginia Tech; MA Mary Washington College
and a graduate of Naval War College. Previously, Mr. Dean served as Branch Head for
the Submarine Launch Ballistic Missile Program and the Anti-Submarine Program as
well as Senior Staff Scientist in Computer Engineering. He has carried out research on
Expert Systems and the modeling and simulation of microprocessors.

Dr. Doug Dwoyer, Project Director Hampton Roads Research Partnership — a consortium
of research universities in the Hampton Roads VA area. BS, MS, Ph.D. (Aerospace
Engineering) Virginia Tech. Dr. Dwoyer formerly served as Associate Director for
Operations and Director of Research & Technology for NASA Langley Research Center.
He has carried out research in Computational Fluid Dynamics at Wright-Partterson Air
Force Base, United Technologies Research Center, and NASA Langley Research Center.



Mr. Roger Hunt — Teacher (Project Lead The Way), Jamestown High School,
Williamsburg, VA. BS (Vocational Education) Virginia Tech; MS (Human Resources
Development) Clemson. Before teaching, Mr. Hunt worked for Fluor Corporation on
planning, design, and construction of large domestic and international facilities such as
the 5™ terminal at London’s Heathrow Airport. He also was Director of Performance and
Learning for the Americas in Arthur Anderson’s Global Corporate Division.

Dr. Bob Kolvoord, Professor of Integrated Science and Technology and Educational
Technologies, James Madison University. BA (Physics) University of Virginia; MS
(Material Science) University of Virginia; Ph.D. (Theoretical and Applied Mathematics)
Cornell University. Previously Dr Kolvoord served as Senior Research Associate at the
Lunar and Planetary Laboratory at the University of Arizona and was co-founder of the
Center for Image Processing in Education. His current research specialty is visualization
and geospatial modeling applications for STEM education.

Dr. Bob Lindberg, President and Executive Director, National Institute of Aerospace. BS
(Physics with Distinction) Worcester Polytechnic Institute; MS (Engineering Physics)
University of Virginia; Eng.Sc.D. (Mechanical Engineering) Columbia University.
Previously Dr. Lindberg served in executive and program management positions at
Orbital Sciences Corporation including Sr. Vice President for Defense Programs and
Program Manager for X-34. Earlier he served as a research physicist and Branch Head at
Naval Research Laboratory and currently holds a concurrent post as Research Professor
in Mechanical and Aerospace Engineering at the University of Virginia.

Mr. Matt Miller, Senior R&D Process Development Engineer, Micron Technology Inc.,
Manassas, VA. BS (Chemical Engineering) University of Idaho. Mr. Miller currently
works with advanced thin film processing for DRAM and Flash semiconductor devices.
His area of engineering expertise is in metal deposition for sub-70nm process technology
nodes.

Dr. Marie Paretti, Assistant Professor of Engineering Education, Virginia Tech. BS
(Chemical Engineering) Virginia Tech; MA (English) Virginia Tech; Ph.D. (English)
University of Wisconsin — Madison. Dr. Paretti is currently Director, MSE/ESM
Engineering Communications Program and Co-Director of the Virginia Tech Engineering
Communications Center. Her current research focuses on professional practices
(communication, teaming, ethical behavior, cross-discipline and cross-cultural
collaboration) in both engineering workplaces and engineering curricula.

Mr. Jerry Robertson, Executive Director Virginia Applied Technology & Professional
Development Center at Old Dominion University. BS and MS (Mechanical Engineering)
Old Dominion University. Mr. Robertson is a registered Professional Engineer in
Virginia and a Certified Manufacturing Engineer by SME. He currently leads all Project
Lead The Way (PLTW) teacher training and is the professional engineer PLTW resource
for Virginia.



Mr. Marty Rothwell, Engineering Systems and Engineering Physics Teacher, Chantilly
Academy, Fairfax County Public Schools. BS (Physics) Mary Washington College;
MBA Averett College. He currently teaches engineering physics, engineering systems,
advanced engineering/robotics. Mr. Rothwell also serves as adjunct professor for George
Mason University and is mentor for Chantilly’s award-winning FIRST Robotics
Competition Team.

Ms. Cheryl Simmers, Engineering Teacher, Appomattox Governor’s School for Arts &
Technology. BS (Industrial Engineering and Operations Research) Virginia Tech; MS
(Industrial & Systems Engineering) Virginia Tech. She previously worked as a Project
Engineer at Naval Weapons Station Yorktown and as a Research Associate at the
Virginia Productivity Center. Ms. Simmers has been a public school teacher since 1994.

Dr. Mohammad Takallu, Senior Staff Aeronautical Engineer, Lockheed Martin Mission
Services. Diploma Ingeneur (Mechanical/Aerospace Engineering) University of Aachen
(Germany); Ph.D. (Mechanical/Aerospace Engineering) North Carolina State University.
He has worked on a wide range of aeronautical engineering topics including
aerodynamics, aeroacoustics, wake vortex and aircraft spacing, and flight deck
ergonomics/human factors. As an active pilot and certified flight instructor, he has
mentored many high school and college students in the science and art of flying.

Panel Facilitators:

Mr. Jim Batterson — Special Assistant on Loan from NASA to the Secretary of Education.
BS (Mathematics) and MS (Physics) College of William and Mary. He formerly carried
out research in system identification applied to flight test data and served as Head of the
Dynamical Systems and Control Branch at NASA Langley Research Center. Most
recently he served as Deputy Director for Strategic Development. Mr. Batterson has
taught high school physics and mathematics and served on the Newport News (VA)
School Board and New Horizons Governors School Board.

Dr. Charlie Sapp — BS (Aeronautical Engineering) U.S. Naval Academy; MS
(Aeronautical Engineering); MA (International relations and National Security); MA
(Strategic Studies); Ph.D (Organizational Leadership). He previously served as a pilot in
the United States Navy, retiring as a Captain. Dr. Sapp has also served on Vice President
Gore’s government reform task force and as an examiner for the Malcolm Baldridge
National Quality Award and the President’s Quality Award programs. He is currently a
member of the Hampton (VA) City Council.






APPENDIX B

Pre-meeting Reading Materials

Introduction and Background
Kentucky Survey of Critical Technologies
Project 2061: Benchmarks for Science Literacy (3 Excerpts)
National Science Education Standards (Excerpts)

A “Critique” of the National Science Education Standards
Leon Lederman on Science Reform
Innovation America
Ford Motor Company PAS Curriculum
Texas Instruments Infinity Project
Project Lead The Way and Technology Literacy
Massachusetts K-12 Engineering SOL

Comparing Some National and International Assessments
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A Brief Introduction and Some Background for K-12 Physics, Chemistry, and
Engineering Panel Members _

Jim Batterson

There were more than 1.2 million children in Virginia K-12 schools in 2005. More than
one million (or approximately ninety per-cent) of these students were in public school, an

" estimated 125,000 were in private schools, and 17,500 were home-schooled. The public

school students almost exclusively attend school in their county or city. In Virginia, these

“counties and cities, when taken together comprise the 134 school divisions in the

Commonwealth.! There are some wonderful programs of instruction in place and
numerous excellent teachers working in schools throughout these 134 school divisions.
Children complete some of these programs at some schools with incredible knowledge
and skills and proceed to be successful at some of the top colleges in the Nation. Other
students complete these courses or very good courses with highly qualified teachers and
are successful at a diverse range of colleges, two-year institutions, or in the workplace.
However, not all students have access to highly qualified teachers, exposurc to specific
content, or support infrastructure — particularly in science and mathematics® - and many
graduates go on to the workplace or further education after high school graduation feeling
unprepared, identified by their employers as unprepared, or requiring remedial, not-for-
credit courses®. Outcomes are uneven within school divisions where, even when
technology and infrastructure are evenly distributed, a few schools may have more highly
qualified teachers than others. _

The United States has no national curriculum. The evolution of education in the United
States has left the responsibility for educating the Nation’s young to each State (Tenth
Amendment to the Constitution of the United States). A brief chronology of education in
the United States is drawn from Pulliam and Van Patten’s History of Education in
America:

e 1600’s—1750’s: Government involvement in education varies by geography.
Northern colonies require primary education first at home then at “schools” to be

! As a reference, there are approximately 50 million K-12 students nationwide attending
school in approximately 15,000 school divisions.

% In 1992, only twenty-two out of sixty-one high school mathematics teachers had a
subject-area degree (defined as 36 semester hours of Calculus or higher coursework) in a
review of transcripts of teachers in one large urban Virginia school division. More recent
data show that approximately 10% of high school students (grades 9-12) are enrolled in
one or more AP (Advanced Placement) courses, 1% are in Governor’s Schools, and
0.25% are in IB (International Baccalaureate) Programs. This means that some 90% of
Virginia’s children rely on the Virginia Standards of Learning (SOL) to assure the quality
and appropriateness of their science course content.

3 Rising to the Challenge: Are High School Graduates Prepared for College Work? A
Study of Recent High School Graduates, College Instructors, and Employers. Conducted
for Achieve, Inc, by Peter D. Hart Research Associates (February 2005).



established with tax dollars. Southern farm economy and demography focuses
more on home-schooling with a few free-schools sponsored by the wealthy.
Teachers in schools have minimal education. Teaching confined to reading,
arithmetic, writing, and religion (four R’s). Only two universities by 1700
(Harvard and William & Mary — both religious as were the next ones, Yale,
Princeton). :

e 1770’s—1850’s: State universities established; “Graded” primary schools
established (1820); high schools established (1830); still wide discrepancies
between northern cities and agricultural South. Most schools still one room,
utilitarian or worse; Establishment of teacher training “normal schools” (1830’s).
By 1850, 45% of children attended school and half the states had established
school systems.

e 1860’s —1910: Establishment of Land Grant colleges for agriculture and .
engineering (Morrill Act) by Federal government (industrial revolution). High
school growth (1890); standardization of curriculum 1910; 400 teacher training
(normal) schools by 1900.

e 1910-1950’s: Establishment of vocational training schools; special education
curriculum; development of educational theories and research; national
accreditation standards; school year of 172 days with compulsory attendance
(1930); GI Bill for continuing education (1944); Vannevar Bush’s “The Endless
Frontier” emphasizing the critical importance of science to the U.S. economy and
National defense (NSF Report 1945)

e 1954 —today: Brown v. Board of Education; Cold War post-Sputnik focus on
Science and Mathematics; National Defense Education Act; Elementary and
Secondary Education Act (1965 — Title I) and amended to Improving America’s
Schools (1994), and to No Child Left Behind (2002); Teacher Corps; growth of
kindergarten enrollment; much research into child psychology and learning;
Department of Education (Cabinet level) established 1979; A Nation at Risk
(1980°s); National Science Education Standards (1996); Science for All
Americans/Benchmarks/Project 2061 (1990°s). State Standards of Learning

(1990°s). Physics First (2000); ubiquitous availability of knowledge on the World

Wide Web (2000); Global outsourcing (2000); Computational technology double
exponential growth (Moore’s Law)

e Today —2030: ?? Political, Economic, Social, Technology impacts ??
From this synopsis, we see that while education remains the responsibility of the states,

there has been increasing responsibility/authority taken on by the Federal Government,
particularly with and since the establishment of Land Grant colleges in 1862. Most

recently, two well-respected national organizations, the National Research Council of the

National Academies of Science and the American Association for the Advancement of




Science have developed documents that lay out potential national standards and
benchmarks for Science in the Nation’s schools K-12°,

In addition to these two national efforts, the past fifteen years has seen individual states
develop their own standards in a number of academic disciplines. Virginia began its
standards development under Governor Allen around 1994. The focus of these first
standards was school accountability. In an effort to assure accountability of all of
Virginia’s public schools with respect to some common course content, the Virginia
Standards of Learning (SOL) were created. These SOL are implemented as outcome
standards in that the assessments or tests associated with them identify whether the
material was learned by students (as opposed to simply faught by teachers).

To further clarify what the SOL are intended to be and what they are not intended to be,
we can look at two excerpts from the Introduction to Virginia’s Science SOL:

e “The Science Standards of Learning for Virginia’s Public Schools identify
academic content for essential components of science curriculum at different |
grade levels.” and;

e “The Standards of Learning are not intended to encompass the entire science
curriculum for a given grade level or course or to prescribe how the content
should be taught. Teachers are encouraged to go beyond the standards and select
instructional strategies and assessment methods appropriate for their students.”

While conceived as minimal accountability standards (a floor), the content of the SOL
soon became the course outline for many teachers. As fiscal pressure, particularly
through the No Child Left Behind (NCLB) Federal legislation, increased for students to
pass these state assessments, school administrators put more pressure on teachers to
assure that their students would indeed pass. This pressure along with the large breadth
of the SOL for some courses, has precluded many teachers from “go(ing) beyond the
standards”. :

The standards are revised every seven years as a part of the formal review process
approved by the State Board of Education — science comes up for its next revision in
2010. The output from these panels will serve to inform that review process.

So the job of Physics team and Chemistry team is to develop some consensus around the
essentials of citizen knowledge in (Physics)/(Chemistry) for the next 25 years. Thatis,
what is the essential Physics or Chemistry knowledge that citizens should have to
understand the world around them, to make decisions on political questions that more and
more involve understanding of science and technology, to triage and understand the
plethora of news and information that is available by the current World Wide Web and by
the next generation Internet. The task of the Engineering team is not too much different

- * National Science Education Standards (National Academy Press, 1996) and Project
2061: Science for All Americans and Benchmarks (American Association for the
Advancement of Science, 1990) — the latter two books are included in your package.



most appropriate for our students in the 21* century. As we will discuss when our team
meets, Engineering is not a part of the traditional curriculum for which there are SOL; it
has developed in the CTE (Career and Technical Education) wing of the Department of
Education. Thus we cannot look at an SOL content set for Engineering, but we will look
“at various programs that our teachers have created and some national programs that have

been created.

but will be a bit more broadly defined in terms of what Engineering Program would be .

In addition to the current Virginia Standards, the Physics and Chemistry teams will have
available to them sets of standards from other states that have been judged as “leaders” in
the development of quality standards®, the International Baccalaureate (IB) standards
which represent a consensus of representatives from more than 100 countries around the
world, and some “new” thinking (actually a decade old) by Leon Lederman on
sequencing and content of science courses.

We will also have for reference the National Science Education Standards, the Project

- 2061 Science for All Americans and Benchmarks, and the thinking of the American
Institute of Physics on an advanced high school Physics course - Improving Advanced
Study of Mathematics and Science in U.S. High Schools: Report of the Content Panel for
Physics (2002). What our team brings to the scene is unique — not claimed to be better or
worse just unique - from previous work in three ways:

1. We are a team of content-centric practitioners — not education specialists.

2. We have the current range of standards developed and implemented over the past
decade as benchmarks — we have the advantage of standing back and evaluating
what’s been created there.

3. We bring a range of perspective from university research through government
laboratory technology and development to industry development and applications.

Finally, a reminder that our panels are NOT defining advanced course content — that
work is being done nationally and it focuses on the top 10% of our students. Our focus is
on ALL students in laying out a safety net of science (physics/chemistry) content that the
remaining 90% of our students need to be economically and politically productive
citizens of Virginia in the 21 Century.

On behalf of all the children in the Commonwealth, I thank you for contributing to this
unique endeavor.

5 Paul R. Gross: The State of State SCIENCE Standards. Thomas B. Fordham Institute ‘
(2005). : _
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PREFACE

The economy is being transformed by many exciting new technologies emerging from research labs
worldwide - which must be introduced appropriately into learning experiences at various levels
throughout the education enterprise. Such a routine infusion of new knowledge will help excite young
people to learn about some technologies or perhaps their new applications that may not have existed
even just a few short years ago. Only by deliberate infusion strategies to keep pace with technological
changes will we be able to prepare coming generations of scientific and technologically savvy people
for the research labs and start-up companies fueling the knowledge economy.

Kentucky Science and Technology Corporation (KSTC), through the Kentucky Science and Engineering
Foundation' (KSEF), sponsored this survey of Kentucky science teachers in order to begin a journey
alongside our teachers to explore how best to bridge impertant connections between our schools and
the economy, particularly as they relate to keeping pace with critical and emerging technologies.
Every day KSTC deals with entrepreneurs, university faculty and educators as they carry out their
complementary roles in the knowledge economy. In doing so we began to sense an unintended
disconnect among these players, each committed to and deeply engaged in their own work.

We embarked upon this survey, with the assistance of Horizon Research International, to determine if
these perceptions were indeed reality - and, if so, to create solid footing on which to extend our work
with various groups to develop relevant strategies and processes to help bridge any knowledge gaps on
these technologies and others that are sure to emerge for years to come. No one sector or
organization can make the fundamental interconnections needed. It will take a crosscutting approach
to design dynamic strategies and on-going processes that will assist the information transfer --and age-
appropriate translations-- into our schools and learning environments.

This original research involved an on-line survey of Kentucky middle school and high school teachers of
science from a diverse, representative set of schools across the State. Our intent was to gauge current
levels of understanding of leading edge scientific terms and concepts in five broad categories being
targeted by the Commonwealth for investments in tech start-up companies and research efforts. The
purpose of the survey was to establish the: current levels of awareness, instruction and interest in
cutting edge technologies that are reshaping the science and engineering landscape.

The survey was conducted by Horizon Research International under the KSEF human resource
development program. Although primarily focused on building Kentucky’s world class research
capacities, KSEF’s complementary education goal is to create and help institute programs for human
resource development at schools that ultimately result in a workforce and innovative talent base for
creating and applying science and engineering technologies.

We offer these findings in the spirit of thoughtful conversation on the critical and often rapidly
changing interconnections between education and economic growth that are increasingly evident now
and will continue to emerge for the foreseeable future. We thank Horizon and the many teachers who
participated for their willingness to participate in this initial phase of project. It will take many more
people from various sectors and regions to engage in an ongoing conversation to strengthen the infusion
of critical technolagies into the learning enterprise - everyday! Planning is underway to begin
developing a cohesive response. We welcome all suggestions for next steps, new strategies and above
all your talent to help bring the excitement of discovery from the lab to young learners. -

Kentucky Science and Engineering Foundation
Kentucky Science and Technology Corporation

' The Kentucky Science and Engineering Foundation is supported by the Commonwealth of Kentucky under a
contract between the Council on Postsecondary Education and Kentucky Science and Technology Corporation.

© 2004 Kentucky Science and Technology Corporation Page 2



RESEARCH OVERVIEW AND IMPLICATIONS

In 2003, Kentucky Science and Technology Corporation retained Horizon Research
International to conduct an on-line survey among science teachers in public middle and high
schools across Kentucky. The study was designed to measure the awareness, familiarity, and
plans for curriculum integration of 25 scientific and technological concepts® that have been
identified as among the emerging areas of growth in the New Economy. In February 2004,
Horizon completed the survey.

ENVIRONMENTAL AND HUMAN HEALTH

BIOSCIENCES ENERGY TECHNOLOGIES AND DEVELOPMENT
Astrobiology - e —
Biomaterials Alternative Fuels Biodefense
Biotechnology Bioremediation Bioinformatics
Natural Products Fuel Cell Gene Therapy
Recombinant DNA Green Technology Genomics

A Proteomics

Stem Cells

INFORMATION TECHNOLOGY MATERIALS SCIENCE AND

AND COMMUNICATIONS

Artificial Intelligence

Algorithms Biopolymers
Data Mining Celestial Mining
E-business Nanotechnology
Intellectual Property Smart Materials
Quantum Computing

ADVANCED MANUFACTURING

These concepts were concentrated in five scientific and engineering focus areas targeted by
Kentucky which included: Biosciences, Human Health and Development, Environmental and
Energy Technologies, Information Technology and Communications, and Materials Science
and Advanced Manufacturing. Concept definitions as they were presented in the survey have
been included as an appendix to this report. o

2 Researchers, engineers, educators and business people participated in the selection of the sample of 25 scientific
- and engineering concepts.
© 2004 Kentucky Science and Technology Corporation Page 3



Overview of Findings

Responses gathered from 241 Kentucky teachers® highlighted current . N

ces . . . Concepts Being
realities regarding the penetration of these concepts in current Taught Most Often
curricula. Most notably, the results showed that only 53 percent of e
middle school teachers were currently teaching any of the concepts (t':;i“r“l')'e‘l‘lr):“'”
to their students. High school teachers, as might be expected, were Recommmfyl(um
further along, but there were still one in five who were not teaching EENIURIRE TG
any one of the concepts. As a whole, about three out of four science JESICUREZIE
teachers were teaching at least one of the 25 concepts.
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Traction Analysis

Although a discreet series of questions were asked in the survey to gauge awareness and
levels of understanding, the response to two specific questions surfaced as the best indicators
of not only the current environment, but also where potential may exist for next-step
strategies. Those two measures were:

e  Which concepts are you currently teaching?
e  Which concepts are you interested in learning more about?
To explore the relationship of these two measures, a quadrant analysis was created (see

Table A). The quadrants were defined by plotting the results of two key measures on
independent axes.

. TABLE A
For example, if a concept was currently
being taught by an above average Highest Levels Of
percentage of teachers and an above plassreom
average percentage of teachers were also pu—
interested in learning more about the
concept, then the concept would be "
plotted at point “A” in the upper right e A _
quadrant of Table A. Lowest Levels | )| Highest Levels
. Of | tin || 1| Ofinterestin
Learning More Learning More

Lowest Levels Of
Classroom
Interaction

3 The random sample of science teacher respondents was representative of middle and high schools, urban and rural
geographic locations, large and small student enrollments, and economic conditions evidenced by percent of
students receiving free and reduced lunches.
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By then evaluating each concept in terms of classroom penetration and interest, three
distinct categories emerged for classifying the concepts (see Table B).

TABLE B
Highest Levels Of
Classroom Interaction
Human Health And = T '
Development
“Traction” Concepts
Environmental And B
Energy Technologies Alternative Fuels
Information Technology Gene Therapy
And Communications E ratir sl Products
And Racombingn DA
Advanced Manufacturing I - StemCelis
Fuel Call
) Biowchnniony :
Lowest Levels Of Green Technology Highest Levels
| || Ofinterestin
Genomics Astrobiotogy Learning More
intellectual Properly Slomaterisls
Algorithms Biodefense
Bioremediation Biopolymers
Bioinformatics polym:
Data Mining - Nanotechnology
Quantum Computing Artificial intelligence
Proteomics Smart Materials
E-business Celestial Mining
“Tough selr CO@ “High Potentlal” c@
Lowest Levels Of
Classroom Interaction
- — ——

The categories are explained in further detail on the following pages for consnderatlon in
developing possible next step strategies.

When asked about their preference for receiving more information about these emerging
concepts and new technologles, the teachers acknowledged that their most preferred method
would be “using a Website.” “Written materials available by matl” was the second most
preferred channel for information distribution.

Teachers read and reference a wid'e variety of publications. As such, it will be important to
disseminate the new information using much broader strategies and not focus exclusively on

~ any one or two particular vehicles.
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“Traction” Concepts:

Higher Interest/Several

Currently Teaching

Alternative Fuels
Gene Therapy
Natural Products
Recombinant DNA
Stem Cells
Fuel Cells
Biotechnology
Green Technology

These concepts, relatively speaking, have the highest level of
current classroom integration. Teachers are also more
interested in learning about these concepts. Apparently
these topics are catching on with some teachers and have, in
some way, made their way into the classroom already. As a
result, teachers are interested in furthering their knowledge
base around these concepts so they can continue to expand
and integrate their applications in the classroom. These
concepts present the best opportunity for immediate success
since some teachers have already made the curriculum
connection and others have observed or know of their
success. As such, teachers have embraced these topics more

than others and have demonstrated an interest in taking them to another level.

“High Potential” Concepts:

Higher Interest/Few
Currently Teaching

Astrobiology
Biomaterials
Biodefense
Biopolymers
Nanotechnology
Artificial Intelligence
Smart Materials
Celestial Mining

“Tough Sell” Concepts:

Low Interest/Few
Currently Teaching

Genomics
Intellectual Property
Algorithms

Bioremediation
Bioinformatics
Data Mining
Quantum Computing
Proteomics
E-business
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This category is comprised of concepts that are of some
interest, but are not being integrated into the classroom.
Teachers are likely to see the immediate value in these
concepts and therefore integrate them into their curriculum.
However, they do not know enough about the concept
specifics to be comfortable in doing so. As a result, they are
interested in learning more - probably in the hopes of
compiling enough information to help prepare them for
teaching the ideas to their students.

These concepts are not currently being taught by teachers
and do not engender notable levels of interest for future .
investigation. Teachers probably find it difficult to see how
these concepts fit into their current curriculum. They may
see the concepts as important but have not made the
“connection” that is necessary for classroom integration.
These concepts will be the most challenging for teachers and

- will likely take significant levels of education and

demonstrated applications before an attempt will be made to
bring the ideas to their students. '
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Conclusions and Implications

These 25 concepts were met with very mixed reviews. The survey results indicate “pockets”
of concepts that offer opportunities to address the findings in a variety of ways when
communicating with the larger body of science educators.

The easiest to integrate into a broader audience will be the “Traction” concepts. Teachers
already are infusing them into the classroom and eager for more information. More teachers
are likely to be familiar with these concepts; many will understand their basic fundamentals
and some will already be teaching the concept. That said, it will be helpful to provide
educators with materials and information on howto expand their classroom integration. By
providing actionable materials, even lesson plans, Kentucky teachers may more quickly
embrace new information and take further action. For those educators who are already
discussing the concepts with their students, the materials will provide deeper and richer
alternatives for expanding on what they already recognize as important educational
fundamentals. ’

For those who are not currently teaching the concept but might like to do so, these materials
would provide them with a medium for integrating the information into their curriculums.

“High Potential” concepts will require a more informative approach. These concepts are
relatively familiar to educators, well enough to see their value from an educational
standpoint. However, their knowledge is . '

not deep enough yet to engender : Adoption Model
classroom integration. It will be —_—
important to communicate the advanced
specifics of these concepts to teachers
and help them acquire new knowledge.
At this level, it will be important to
provide teachers access to the breadth
and depth of information they might i
need for grade-appropriate integration. . - Provide Training/
This could be in the form of text books, High Potentia @ hssistance
white papers, training
programs/professional development
and/or web sites, etc. Providing them
an informational oasis will allow them to “Tough Sell” @ [entify Applications/
increase their own familiarity level first. Show Relevance

. - Encourage/Facilitate
Implementation

“Tough Sell” concepté are likely to meet
the most resistance because of the lack of awareness and thus will be difficult for teachers to

integrate into the classroom until grade appropriate applications can be made more readily
accessible. At present, science teachers have yet to identify with these concepts. .

For many teachers, just the term itself might be foreign. In this case an extensive array of
materials that identify applications in the modern world and their immediate relevance might
prove useful. Only after this is accomplished will a critical mass of teachers become
receptive to application materials. This will no doubt be the most challenging of the three

approaches.
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EXECUTIVE SUMMARY OF FINDINGS

In 2003, Horizon Research International was retained by the Kentucky Science and Technology
Corporation to conduct an on-line survey among science teachers in public middle and high
schools across Kentucky. The study was designed to measure the awareness, familiarity, and
plans for curriculum integration of 25 scientific and technological concepts that have been
identified as areas of growth in the Kentucky’s “New Economy.”

General Summary

The data from 241 interviews displayed results that were as varied as the concepts
themselves.

e General name awareness of the concepts ranged from 99% for
the more publicly covered concepts such as Stem Cells to
just 5% for lesser known areas like Proteomics.

e Seventy-nine (79) percent of these teachers were familiar
with the concept of Alternative Fuels while only 2% had that
same familiarity with Proteomics

o There were large disparities between these concepts even
when it came to classroom integration. Almost half of the
surveyed teachers (42%) were currently teaching some aspect
of Alternative Fuels. On the other hand, only 1% of these
middle and high school teachers were covering any of the
principles of Proteomics in their classrooms. '

Even with the wide range of attitudes and behaviors surrounding these concepts, more than
two out of every three teachers (69%) were currently teaching at least one of the concepts to
their students. However, only about two out of five (41%) were teaching three or more of

these concepts.

Consistently noted throughout this data is a significant difference between high school and
middle school teachers. Across all the key measures, high school teachers recorded
consistently higher ratings than their counterparts. However, this was to be expected given
the more advanced nature of high school curriculum compared to that taught in the middle

grades.

This gap was the largest when comparing current classroom integration. Where fbur out of
every five high school teachers were currently teaching one or more of these concepts, just
over half (53 percent) of middle school teachers were following that same behavior.

Summary By Discipline

While there was wide disparity between these concepts, there were clearly some
“disciplines” that, as a whole, were more recognized and integrated than others.
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e _“Environmental and Energy Technologies” and “Biosciences”
were clearly the most popular among the five disciplines.
Nearly every teacher had heard of at least one of the
concepts associated with these areas and almost half (47
percent and 46 percent respectively) were currently teaching
one or more of the associated concepts in their classroom.

e “Materials and Advanced Manufacturing” and “Information
Technology and Communications” were on the opposite end
of the integration spectrum. While most teachers had heard
of at least some of the concepts, less than one out of five
were currently teaching any of them.

e Interestingly, almost half of the teachers (45 percent)
understood at least one of the “Information Technology and
Communications” concepts well enough to teach, yet only 17
percent were currently taking advantage of their knowledge
by integrating it into their curriculum.

¢ “Human Health and Development” was the most varied of
the disciplines. This was likely due to the range of concepts
it represents. Every teacher had heard of at least one of the
discipline’s six concepts and two out of three (64 percent)
were comfortable enough to integrate one of them in their
curriculum. However, only one out of three was currently
imparting that knowledge to their students.

Summary Of Concept Awareness

. As expected, the more publicized concepts were those with the greatest awareness while the
lesser known and more technical concepts fell to the bottom in terms of awareness. This was
true of both high school and middle school teachers.

Summary of Concept Familiarity

Familiarity with the concépts mirrored the awareness data. Concepts with the highest levels
of awareness were also the most familiar among these teachers.

Also consistent with the awareness findings, high school teachers had significantly higher
levels of familiarity with most of these concepts than did middle school teachers.

Summary of Curriculum Integration

Following the established pattern, the concepts with the most familiarity were also those that
were understood well enough to be integrated into classroom study.
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These same top concepts were also the ones most likely to actually make the transition into
the classroom. However, in most cases, only about half of the teachers who were
comfortable with the concept were actually teaching it to their students.

Again, the high school teachers were more likely to be currently teaching these concepts than
were middle school instructors.

Of further note, consistent across all of these concepts, there existed a gap between comfort
and actual integration. This base of teachers felt comfortable enough to integrate the
concept’s teachings and felt the concepts were grade appropriate, however, they were not
integrating them.

RESEARCH BACKGROUND AND METHODOLOGY

Background And Objectives

Horizon Research International was retained by the Kentucky Science And Technology
Corporation (KSTC) to measure awareness and knowledge among middle and high school
teachers regarding specific concepts related to five areas of new and emerging technologies.

- o Biosciences
e Human health and development
e Environmental and energy technologies
¢ Information technology and communications

e Materials science and advanced manufacturing

The objectives of the study were clearly focused on determining:
e Awareness levels for each concept
o Familiarity, or lack there of, with each concept

e Comfort level with integrating the concepts into the
classroom

e Current or future plans for teaching these concepts to
students

¢ Interest in learning more

| e Profile of teachers by grade level taught and experience

A total of 25 concepts, selected through an extensive survey of recommendations from
scientists, engineers, educators, entrepreneurs and other businesspeople, were tested across
these five scientific areas.
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Questionnaire Design

A questionnaire was developed by Horizon Research International with consultation from
‘representatives at the Kentucky Science and Technology Corporation.

The final questionnaire was then programmed for Internet-based administration and was
hosted on Horizon Research International’s secured Internet server.

Sample Design

Several steps were taken to ensure that the interviews completed would be representative of
Kentucky’s middle and high school teachers as a whole.

A “multi-staged” probability sampling process was used to sort 462 middle and high schools in
Kentucky on the criteria below so that schools from all regions, economic situations, and of
all sizes would be included in the proper proportion.

e Region (Eastern Kentucky, Western Kentucky, and Central)
e Percent of students receiving free lunch
e Number of enrolled students

Letters were sent to 120 randomly selected schools. These letters were followed with a
phone call from trained interviewers at Horizon Research International. The contact person
at the school was asked to provide their email address. However, after a lower than
expected response rate, contact was eventually attempted with all 462 middle and high
schools.

Horizon Research International then emailed each school contact requesting the email
addresses of all science teachers. Those contacts not responding to the initial email request
were sent at least two reminder emails requesting the information again. Contacts from 121
schools provided email addresses for their science teachers - a total of 602 teachers. A
complete sample disposition has been included in the full report.

A total of 241 teachers eventually completed the survey. In order to ensure these 241
teachers were representative of all middle and high schools in Kentucky, the data was
weighted to the actual proportion of the criteria initially used to stratify the sample - (region,
total enrollment, and percent of students on free and reduced lunch).

A sophisticated data tabulation software was then used to tabulate the data and analyze the
results. ' :
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SUMMARY TABLES (TOTAL RESULTS)

Percent Of Teachers Aware Of Concept

|109‘/o|

Stem Cells (99%) —————

Alternative Fuels (89%) ———

Biaechnolopy (83%) —\{.

Fuel Cell (78%) TN

Biodefense (70%) —————

E-husiiess (62%) ————
fannpierinh (58%) — N\

%ug m%?}ix??iﬁ_iﬁ’ (B1%) =\

Green Technology (42%) ———\

Cosnium Cemputing (28%) = \J

Bioremediation (24%) —"\J

Bioinformatics (12%) ——————

" Gene Therapy (93%)
| artificial tutelligenre (88%)

| — Nutwral Products (79%)
/ Hevamsbinant HNA (T7%)

|~ Algorithms (68%)

|~ Nanotechnology (60%)

Ve Genomics (54%)

Biopolymers (50%)

— Smart Materials (41%)
| —— intelliectual Property (36%)

|~~~ Celestial Mining (27%)
| Daia Mining (22%)

|~ Proteomics (5%)

I‘o"/u l
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Biosciences

Human Health And

Development

Environmental And
Energy Technologies

Information Technology
And Communications

Materials Science And
Advanced Manufacturing

Base = (241)
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Percent Of Teachers Familiar With Concept*

l 160% | Biosciences

Human Heaith And B
Development

Environmental And
B

Energy Technologies
termative Fucls (79% Information Technology
Alternative Fuels (79%) N, —— stem Celts (18%) And Co_mmunications

Gene Therapy (74%) — N\ A MaterialasnSc:‘efnce And -
dvanced Manufacturing

L Artificial intelligence (64%)

fpturad Product (61%) ———
Bintechnuiog, Revembinunt DNA (58%
Fuel Cell (57%) ———— B e

Biodefense (43%) ——_\/ Fehusiness (42%)

Abgurithys (34%) Nanotechnology (33%)
HBismaieriai (32%) —

Genomics 30%) — Green Technology (31%)
% Astrelaiony (27%)
L injullectual Property, Biopolymers (24%)

Smart Materials (26%) ————

Bioremediation (14%) N Cuantun Computing, Data Mising, Celestial Mining (13%)

Bioinformatics (6%) — N

- Proteomics (2%)
| 0% |

* Summary of “extremely/very/somewhat familiar” with concept.

Base = (241)
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Percent Of Teachers That Understand Concept

I 100% l

Alternative Fuels (70%) ———

Stem Cells (47%) ——————_

BN A (2%) N\
s (40%) TN\

Green Technology (24%) RE——
fnteblectual Proporty (19%) =N\

Biomaperish (15%) 7N
Smart Materials (12%) = ~\J

Celestia! Mining (8%) —\
Bioinformatics (4%) ———

Biosciences

Human Health And

Development

Environmental And
Energy Technologies

Information Technology
And Communications

Materials Science And
Advanced Manufacturing

L Fuel Cell, “aturat Prodnots (41%)

L Artificis! Intellipenee (27%)

| Biodefense (23%)

| — Astrubriolagy, E-business (20%)
e Nanotechnology (18%)

L Algoritiuns, Biopolymers (16%)
Genomics (14%)

|~ Bioremediation (11%)

|~ Datz Mining (6%)
| Quantum Computing 3%)

Proteomics (1%) — N\

|o%|.'
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Percent Of Teachers Currently Teaching Concept

I 100% I Biosciences |

‘Human Health And BE
Development

Environmental And B
Energy Technologies

Information Technology
And Communications

Materials Science And )
Advanced Manufacturing

Alternative Fuels (42%) ————

/———,‘\mzzmi Praguciy, Ko embinant Yy (25%)
| ———————Fuel Cell (21%)

Gene Therapy (26%) ————
Stem Cells (24%) —\

Hiatechnoiogy (18%) =

|~ Green Technology (13%)

{635 (9%) | —————Genomics (8%)
Algorithiss, Biodefense, Biopolymers, intuilectual \ /—Arsiﬁﬁat fnieltizence (6%)

Property, Nanotechnology (7%) [ Bioremediation, Smart Materials (5%)
/———Celestial Mining 3%) i

Bioinformatics, ata Mining 2%) ™ |~ E-~Business, Proteomics, Quantum Camputing (1%)

Sstynhiniogy, i

Base = (241)
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Percent Of Teachers Who Want To Learn More About Concept

!lﬂo%l

Biosciences

Human Health And )
Development

Environmental And B
Energy Technologies

Information Technology
And Communications

Materials Science And -
Advanced Manufacturing

50%
Alternative Fuels (48%) ————] 5 . .
|~ Fuel Cell (47%)

Gene Therapy (429
ene Therapy (2%) ————{ _______ Stem Cells 41%)

Saprabishiy (39%)——\ Celestial Mining, * ol Pestuets GT%
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| — Smart Materials (35%)
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| ———— Biopolym A

Biomaicsiis, Nanotechnology (30%) ————— Recombinant DA (28%)
j . ‘ pany R
Genomics (27%) ” ) o °
N/ Bioremediation (26%)
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© 2004 Kentucky Science and Technology Corporation Page 16



,/‘\.

PREFERRED METHODS OF CONTACT FOR
INFORMATION ON EMERGING CONCEPTS AND

NEW TECHNOLOGIES
TOP RESPONSES*
Written Materials %
Ava'i::bnle I:;GM:iI
- (o]

A Specisl
Conference Or
Seminar
In-service

Programs At
My School

0% 20% 40% 60% 80% 100%

Base = (229)
‘Willing To Receive

Information That Way
But Not Most Preferred

E Most Preferred Method

“*Among these who wonid be interested in learning more about at least one of the concepts.

INTERNET USAGE FOR ADDITIONAL
INFORMATION ABOUT SUBJECTS BEING
TAUGHT

Two To Three

Times A Week
39%

Once A Day
10%

Once A Week

Several Times 18%

A Day
12%

Never
1% Less Than Once

A Week
20%

Base = (241)
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RESPONDENT PROFILE

SCIENCE SUBJECTS TAUGHT - TOP
RESPONSES

Summary Of “Yes”

Chemistry ) 60 ",,
Biology
Physics

Geology
Astronomy

Geography

Integrated Science/
eneral Science
Computer
Technology -l

Earth Science

Anatomy

Engineering

0% 10% 20% 30% 40% S0% 60% 70% 80% 90% 100%

Base = (241)

RESPONDENT PROFILE J

Total -
(%)
GENDER
Male 31
Female 69
GRADE(S) TAUGHT
Sixth 14
Seventh 19
Eighth 17
Ninth 37
Tenth 40
Eleventh 44
i Twelfth 43
YEARS TEACHING
Less Than A Year 4
One To Three Years 10
Three To Five Years 11
Five To Ten Years 23
Ten Years Or More 51
Mean = . [10.0}
YEARS TEACHING SCIENCE-
BASED CURRICULUM
 Less Than A Year 8
One To Three Years ) 10
Three To Five Years 16
Five To Ten Years 23
Ten Years Or More 43
Mean = [9.1 Years}
AVERAGE RANGE OF STUDENTS
PER CLASS DURING NORMAL DAY
Minimum 20 Students
Maximum 29 Students
Base= (241)
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TEACHER SURVEY CONCEPT DEFINITIONS
Biosciences (5)

Astrobiology; Biomaterials; Biotechnology; Natural Products; Recombinant DNA

Human Health & Development (6)

Biodefense; Bioinformatics; Gene Therapy; Genomics; Proteomics; Stem Cells

Environmental & Energy Technologies (4
Alternative Fuels; Bioremediation; Fuel Cell; Green Technology

Information Technology & Communications (6)

Algorithms; Artificial Intelligence; Data Mining; E-Business; Intellectual Property;
Quantum Computing

Materials Science & Advanced Manufacturing (4)

Biopolymers; Celestial Mining; Nanotechnology; Smart Materials

CONCEPT DEFINITIONS

Algorithms: A finite set of step-by-step instructions for problem-solving or computational procedures,
especially ones that can be implemented by a computer.

Alternative Fuels: Study of alternative ways to produce energy for both stationary (e.g., power plant) and
non-stationary (e.g., automobiles & aircraft) applications. Alternate fuel sources include wind and solar
power and hydrogenated biofuels, such as fuel cells. Ethanol can be produced from grains, agricultural
wastes and excess crops. The alternatives are promoted for pollution reduction properties and/or to
reduce U.S. dependence on the imported oil.

Artificial Intelligence: Computers and hardware that can make intelligent decisions based on sensory
feedback. -

Astrobiology: The scientific study of life in the universe - its origin, evolution, distribution, and future. This
multidisciplinary field brings together the physical and biological sciences to address some of the most
fundamental questions of the natural world: How do living systems emerge? How do habitable worlds
form and how do they evolve? Does life exist on worlds other than Earth? How could terrestrial life
potentially survive and adapt beyond our home planet?

Biodefense: Knowledge and understanding gained through genomics and proteomics leveraged to
protect humans and animals against the intentional use of pathogens (bioterrorism) by detecting,
identifying and assessing pathogens.

Bioinformatics: Use of computers in biology-related sciences to organize, interpret, and predict
biological structure and function. Biocinformatics is usually applied in the context of analyzing DNA
sequence data. o

Biomaterials: Synthetic or natural materials that can replace or augment tissues, organs or body
functions.

Biopolymers: Polymeric material produced from or by biological sources, for example, biodegradable
plastics, that are synthesized by living organisms. :
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Bioremediation: The process by which living organisms act to degrade or transform hazardous organic
contaminants.

. Biotechnology: The use of micro-organisms, live plant or animal cells or their parts to create new
products or to carry out biological processes aimed at genetic improvement for the benefit of people.

Celestial Mining: The search for, excavation and processing of essential elements and materials on
extra-terrestrial bodies (planets, asteroids, etc.).

Data Mining: The process of extracting and refining useful knowledge from large databases.

E-Business: The process of doing business with trading partners electronically. This includes
electronically processing business transactions, integrating business processes, transferring payments,
and delivering services.

Fuel Cell: A device for generating electrical energy directly from chemical energy. It differs from a battery
in that the chemicals are not stored in the cell. Rather, they are fed into it as power is needed. In most
fuel cells, hydrogen is combined with oxygen

Gene Therapy: Introducing a normal, functional copy of a gene into a cell for the purpose of correcting
defective, disease causing genes.

Genomics: The study of an organism'’s full complement of genes to enable understanding of the genes
and their expression using powerful computer technologies.

Green Technology: The ability to do an industrial process with less environmental damage.

Intellectual Property: An invention that provides rights for use to an individual, group of inventors, or to

an organization to exclude imitations from the market for a limited time. :

Nanotechnology: Technology that allows development and use of materials or structures that have a
size of less than 200 nanometers. Production of devices on this small of a scale saves space and
resources, resulting in improved efficiency and processing speed.

Natural Products: Chemical compounds, naturally produced in plants or by microbial species that are
harvested for use in health care and drug development.

Proteomics: The study of the totality of proteins in an organism. Proteins are the building blocks of
genes and studying their form and function with the aid of supercomputers complements the scientific
advances being made by the mapping of Genomes. ' '

Quantum Computing: A fundamentally new mode of information processing (still in development) that
can be performed only by harnessing physical phenomena unique to quantum mechanics (especially
quantum interference), with performance, potentially, billions of times faster than today’s most powerful

supercomputer. -

Recombinant DNA: DNA that has been altered by joining genetic material from two different sources to
study the expression of a gene.

Smart Materials: Materials that have imbedded sensors and actuators so that they can sense and react
to their environment. '

Stem Cells: Cells that, given proper growth conditions, can proliferate with aimost unlimited potential,
maintaining a pool of growing and dividing cells that have the ability to differentiate into a number of
different cell types with specific biological functions.
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ABOUT BENCHMARKS

The terms and circumstances of human existence can be expected to change radically
during the next human life span. Science, mathematics, and technology will be at the center
of that change--causing it, shaping it, responding to it. Therefore, they will be essential to
the education of today’s children for tomorrow’s world.

What should the substance and character of such education be?

The purpose of this report is to propose an answer to that question.

That was how Science for All Americans (SFAA), the first Project 2061 publication, identified itself.
Now, four years later, those words serve equally well to introduce Benchmarks for Science Literacy, a
companion report. SFAA answers the question of what constitutes adult science literacy, recommending
what all students should know and be able to do in science, mathematics, and technology by the time
they graduate from high school. Benchmarks specifies how students should progress toward science
literacy, recommending what they should know and be able to do by the time they reach certain grade
levels. Together, the two publications can help guide reform in science, mathematics, and technology

education.

About Project 2061

Project 2061°s benchmarks are statements of what all students should know or be able to do in science,
mathematics, and technology by the end of grades 2, 5, 8, and 12. The grade demarcations suggest
reasonable checkpoints for estimating student progress toward the science literacy goals outlined in
SFAA. 1t is important to view the benchmarks in the context of the following Project 2061 premises

. concerning curriculum reform:

e Project 2061 promotes literacy in science, mathematics, and technology in order to help people
live interesting, responsible, and productive lives. In a culture increasingly pervaded by science,
mathematics, and technology, science literacy requires understandings and habits of mind that
enable citizens to grasp what those enterprises are up to, to make some sense of how the natural
and designed worlds work, to think critically and independently, to recognize and weigh
alternative explanations of events and design trade-offs, and to deal sensibly with problems that
involve evidence, numbers, patterns, logical arguments, and uncertainties.

e Curriculum reform should be shaped by our vision of the lasting knowledge and skills we want
students to acquire by the time they become adults. This ought to include both a common core of
learning--the focus of Project 2061--and learning that addresses the particular needs and interests

of individual students.

¢ If we want students to learn science, mathematics, and technology well, we must radically reduce
the sheer amount of material now being covered. The overstuffed curriculum places a premium on
the ability to commit terms, algorithms, and generalizations to short-term memory and impedes
the sncqmcmnn nfnnriercmndmo
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e Goals should be stated so as to reveal the intended character and sophistication of learning to be
sought. Although goals for knowing and doing can be described separately, they should be learned
together in many different contexts so that they can be used together in life outside of school.

e The common core of learning in science, mathematics, and technology should center on science
literacy, not on an understanding of each of the separate disciplines. Moreover, the core studies
should include connections among science, mathematics, and technology and between those areas
and the arts and humanities and the vocational subjects.

o Common goals do not require uniform curricula, teaching methods, and materials. Project 2061 is
developing tools to enable teachers to design learning experiences for students that take into
account state and district requirements, student backgrounds and interests, teacher preferences,
and the local environment.

o Reform must be comprehensive and long-term, if it is to be significant and lasting. It must center
on all children, all grades, and all subjects. In addition, it must deal interactively with all aspects
of the system--curriculum, teacher education, the organization of instruction, assessment,
materials and technology, policy, and more. All of which takes time.

Characterizing Benchmarks

Benchmarks for Science Literacy is consistent with the above premises, but is sufficiently different in
content, purpose, and style from other reform reports to require some clarification.

o Benchmarks is a report from a cross-section of practicing educators. In 1989, six school-
district teams were formed in different parts of the nation to rethink the K-12 curriculum and
outline alternative ways of achieving the literacy goals of SFAA. Each team, backed by
consultants and Project 2061 staff, was made up of 25 teachers and administrators and cut across
grade levels and subjects. Working together over four summers and three academic years, the
teams developed a common set of benchmarks. Drafts of Benchmarks were critiqued in detail by
hundreds of elementary-, middle-, and high-school teachers, as well as by administrators,
scientists, mathematicians, engineers, historians, and experts on learning and curriculum design.
Chapter 13: The Origin of Benchmarks, describes the process in greater detail.

e Benchmarks is different from a curriculum, a curriculum framework, a curriculum design,
or a plan for a curriculum. It is a tool to be used by educators in designing a curriculum that
makes sense to them and meets the standards for science literacy recommended in SFAA.
Moreover, Benchmarks does not advocate any particular curriculum design. Far from pressing for
one way of organizing instruction, Project 2061 pursues a reform strategy that will lead eventually
to greater curriculum diversity than is common today.

e Benchmarks is a compendium of specific science literacy goals that can be organized
however one chooses. As in most reference works, chapter order is unrelated to the relative
importance of the benchmarks. Chapter 1 does not set the tone for all those that follow, nor does
Chapter 12 culminate all that came before. Indeed, Project 2061 expects that benchmarks from the
latter will appear in combination with those from various other chapters in most curriculum units
that address science literacy goals. A version of Benchmarks on a computer disk will enable users
to assemble benchmarks from various chapters into cogent sets.
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e Benchmarks specifies thresholds rather than average or advanced performance. It describes
levels of understanding and ability that all students are expected to reach on the way to becoming
science-literate. A well-designed curriculum will provide students with the help and
encouragement they need to meet those standards.

e Benchmarks concentrates on the common core of learning that contributes to the science
literacy of all students. It does not spell out all of the science, mathematics, and technology goals
that belong in the K-12 curriculum. Most students have interests, abilities, and ambitions that
extend beyond the core studies, and some have learning difficulties that must be taken into

account.

e Benchmarks avoids technical language used for its own sake. The number of technical terms
that most adults must understand is relatively small. Accordingly, the 12th-grade benchmarks use
only those technical terms that ought to be in the vocabulary of science-literate people. The
language in the benchmarks for earlier grades is intended to signal the nature and sophistication of
understandings to be sought. The Project 2061 analysis of these and other issues is summarized in
Chapter 14: Issues and Language.

o Benchmarks sheds only partial light on how to achieve the goals it recommends. Deliberately.
The means for realizing the ends listed in Benchmarks will be discussed in other Project 2061
materials. Although Benchmarks includes some commentary on aspects of instruction, that
commentary is to clarify the meaning and intent of the benchmarks, not to present a systematic
and detailed program of instruction.

e Benchmarks is informed by research. Research on students’ understanding and learning bears
significantly on the selection and grade placement of the benchmarks. Project 2061 surveyed the
relevant research literature in the English language (and some in other languages) in search of
solid findings on which to base benchmark decisions. The findings are discussed in Chapter 15:
The Research Base.

e Benchmarks is a developing product. It will undergo periodic updates as more research on
learning becomes available and as users of Benchmarks report their experiences. One of the
important responsibilities of the Project 2061 school-district sites is to suggest revisions of
Benchmarks based on their analysis of ongoing research and user recommendations.

‘e Benchmarks is but one of a family of tools being designed by Project 2061. To help educators
bring about fundamental, lasting reform, Benchmarks and SFAA will be joined by other products.
Designs for Science Literacy will describe Project 2061 models and curriculum blocks and will
outline principles for configuring Project 2061 curricula. Resources for Science Literacy will be a
continually updated database of outstanding learning and teaching materials suitable for curricula
based on Project 2061 principles. Blueprints for Reform will recommend changes in the education
'system needed to make innovative K-12 curriculum reforms possible. A computerized curriculum-
design and resource system is being developed to incorporate all of the Project 2061 products and
link them interactively to each other and to educational resources. For more on this, see Chapter
16: Beyond Benchmarks.

e Benchmarks is a companion for SFAA, not a substitute. SFAA presents a vision of science
literacy goals for all students to reach by the time they finish the 12th grade, and Benchmarks
maps out the territory that students will have to traverse to get there. SFA4 emphasizes cogency
and connectedness. Benchmarks emphasizes analysis of the SFAA story into components and their
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sequence. In grades 9-12, where building coherence and connections becomes the main task, no
list of components would be adequate to represent science literacy. (Indeed, not all of the detailed
ideas in SFAA are represented in Benchmarks.) At the 9-12 level, therefore, reference to SFAA is
more than ever necessary for a complete picture of science literacy, which the 9-12 Benchmarks
only, approximate. So, when working with Benchmarks, be sure to have a copy of SFAA at hand.

1

Using Benchmarks

Benchmarks was prepared as a tool to be used, along with SFA4, by everyone engaged in state or local
efforts to transform learning in science, mathematics, and technology. The following suggestions for
using Benchmarks came from Project 2061 team members, consultants, and staff, and from individuals
who have seen prepublication draft versions of Benchmarks:

Study groups of teachers, administrators, school board members, parents, interested citizens, and,

- whenever possible, scientists, engineers, and mathematicians can use Benchmarks to explore the

concept of science literacy in relation to instruction in the early elementary, upper elementary,
middle-, and high-school grades.

Cross-grade, cross-subject committees of teachers and curriculum specialists can use Benchmarks
to gauge how well a K-12 curriculum or curriculum framework (state or local) addresses
education for science literacy. Such an analysis can also lead to suggestions for making immediate
and long-term curriculum and course improvement.

Developers of instructional materials can use Benchmarks to guide the creation of materials to
support the work of teachers who are trying to foster science literacy for all students. Similarly,
test writers can use Benchmarks to develop grade-level materials and techniques for assessing
student progress toward science literacy.

Other reform efforts may find Benchmarks useful in supporting their work, just as Project 2061
has relied on so many of them for ideas and information. The federal programs that drew heavily
on SFAA, such as the Statewide Systemic Initiatives (National Science Foundation), the |
Eisenhower Science and Mathematics Initiative (Department of Education), and the National
Assessment of Educational Progress, have indicated that they intend also to use Benchmarks.

Universities and colleges that prepare elementary- and secondary-school teachers can use
Benchmarks to supplement SFAA. Whereas SFAA explores the concept of science literacy in
general, Benchmarks raises issues closer to the realities of curriculum and instruction.

Researchers can use Benchmarks to identify important topics for investigation. Such topics might
include studies on the grade-level placement of benchmarks, the relationship between benchmarks
and their precursors, effective ways to group benchmarks into instructional units, how to assess
student progress toward science literacy, and how to evaluate learning materials and techniques
used in support of the benchmarks.

Copyright © 1993 by American Association for the Advancement of Science
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3. THE NATURE OF TECHNOLOGY ' esea

A. Technology and Science
Kindergarten through Grade 2
Grades 3 through 5
Grades 6 through 8
Grades 9 through 12
B. Design and Systems
Kindergarten through Grade 2
Grades 3 through 5
Grades 6 through 8
Grades 9 through 12
C. Issues in Technology
Kindergarten through Grade 2
Grades 3 through 5 '
Grades 6 through 8
Grades 9 through 12
|
As long as there have been people, there has been technology. Indeed, the
techniques of shaping tools are taken as the chief evidence of the beginning of
“human culture. On the whole, technology has been a powerful force in the
development of civilization, all the more so as its link with science has been
forged. Technology-like language, ritual, values, commerce, and the arts-is an
intrinsic part of a cultural system and it both shapes and reflects the system's
values. In today's world, technology is a complex social enterprise that includes
not only research, design, and crafts but also finance, manufacturing,
management, labor, marketing, and maintenance.

In the broadest sense, technology extends our abilities to change the world: to
cut, shape, or put together materials; to move things from one place to another;
to reach farther with our hands, voices, and senses. We use technology to try to
change the world to suit us befter. The changes may relate to survival needs
such as food, shelter, or defense, or they may relate to human aspirations such
as knowledge, art, or control. But the results of changing the world are often
complicated and unpredictable. They can include unexpected benefits,
unexpected costs, and unexpected risks-any of which may fall on different social
groups at different times. Anticipating the effects of technology is therefore as
important as advancing its capabilities.

Science for All Americans

In the United States, unlike in most developed countries in the world, technology as a subject
has largely been ignored in the schools. It is not tied to graduation requirements, has no fixed
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place in elementary education, is absent altogether in the college preparatory curriculum, and
does not constitute part of the content in science courses at any level.

" However, that situation is now changing. There is growing awareness that technology works in
everyday life to shape the character of civilization. Design projects are becoming more evident
in the elementary grades, and the transformation of industrial arts and other subjects into
technology education is gaining momentum. And the Science-Technology-Society (STS)
emphasis in the curriculum is gaining adherents.

The task ahead is fo build technology education into the curriculum, as well as use technology
to promote learning, so that all students become well informed about the nature, powers, and
limitations of technology. As a human enterprise, technology has its own history and identity,
quite apart from those of science and mathematics. In history, it preceded science and only
gradually has come to draw on science-knowledge of how the natural world works-to help in
controlling what happens in the world. In modern times, te‘chnology has become increasingly
characterized by the interdependent relationships it has with science and mathematics. The
benchmarks that follow suggest how students should develop their understanding of these

relationships.

This chapter presents recommendations on what knowledge about the nature of technology is
required for scientific literacy and emphasizes ways of thinking about technology that can
contribute to using it wisely. Chapter 8: The Designed World presents principles relevant to
some of the key technologies of today's world. Chapter 10: Historical Perspectives, includes a
discussion of the Industrial Revolution. Chapter 12: Habits of Mind includes some skills

relevant to participating in a technological world.

A. Technology and Science

Technology is an overworked term. It once meant knowing how to do things-the practical arts
or the study of the practical arts. But it has also come to mean innovations such as pencils,
television, aspirin, microscopes, etc., that people use for specific purposes, and it refers to
human activities such as agriculture or manufacturing and even to processes such as animal
breeding or voting or war that change certain aspects of the world. Further, technology
sometimes refers to the industrial and military institutions dedicated to producmg and using
inventions and know-how. In any of these senses, technology has economic, social, ethical,
and aesthetic ramifications that depend on where it is used and on people s attitudes toward its

use.

Sorting out these issues is likely to occur over many years as students engage in design and
technology activities. First, they must use different tools to do different things in science and to
solve practical problems. Through design and technology projects, students can engage in
problem-solving related to a wide range of real-world contexts. By undertaking design projects,
students can encounter technology issues even though they cannot define technology. They
should have their attention called to the use of tools and instruments in science and the use of
practical knowledge to solve problems before the underlying concepts are understood.

Kindergarten through Grade 2
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Young children are veteran technology users by the time they enter school. They ride in
automobiles, use household utilities, operate wagons and bikes, use garden tools, help with
the cooking, operate the television set, and so on. Children are also natural explorers and
inventors, and they like to make things. School should give students many opportunities to
examine the properties of materials, to use tools, and to design and build things. Activities
should focus on problems and needs in and around the school that interest the children and
that can be addressed feasibly and safely.

The task in these grades is to begin to channel the students' inventive energy and to increase
their purposeful use of tools and-in the process-broaden their understanding of what
constitutes a tool (a container, paper and pencil, camera, magnifier, etc.). Design and
technology activities can be used to introduce students to measurement tools and techniques
in a natural and meaningful manner. For example, five-year-olds have little trouble in designing
and making things for their teddy bears built to an appropriate scale. Measurements should
deal with magnitudes that are comprehensible to children of this age, which excludes, for
example, the circumference of the earth or the diameter of a microbe.

By the end of the 2nd grade, students should know that

» Tools are used to do things better or more easily and to do some things that
could not otherwise be done at all. In technology, tools are used to observe,
measure, and make things.

« When trying to build something or to get something to work better, it usually 4
helps to follow directions if there are any or to ask someone who has done it
before for suggestions.

 Grades 3 through &

These years should build on the previous ones by increasing the soph:stlcatlon of the design
projects that students undertake. This approach entails students' increasing their repertoire of
tools and techniques and improving their skills in measurement, calculation, and
communication. Activities calling on the use of instruments such as microscopes, telescopes,
cameras, and sound recorders to make observations and measurements are especially
important for reinforcing the importance of the dependence of science on technology. Just as
important, students should develop skill and confidence in using ordinary tools for personal,
everyday purposes.

Students should begin now to write about technology, particularly about how technology helps
people. Most of the complexities of the social consequences of the use of technology can wait,
but students should begin to consider alternative ways of doing something and compare the
advantages and disadvantages.

By the end of the 5th grade, students should know that

» Throughout all of history, people everywhere have invented and used tools. Most
tools of today are different from those of the past but many are modifications of
' very ancient tools.
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« Technology enables scientists and others to observe things that are too small or
too far away to be seen without them and to study the motion of objects that are

moving very rapidly or are hardly movmg at all

. Measurmg instruments can be used to gather accurate information for making
scientific comparisons of objects and events and for designing and constructing

thmgs that will work properly.

. Techna?ogy extends the abthty of people to change the world: to cut, shape, or
put together materials; to move things from one place to another; and to reach
farther with their hands, voices, senses, and minds. The changes may be for
survival needs such as food, shelter, and defense, for communication and
transportation, or to gain knowledge and express ideas.

Grades 6 ihroagh 84

Students can now develop a broader view of technology and how it is both like and unlike
science. They do not easily distinguish between science and technology, seeing both as trying
to get things (including experiments) fo happen the way one wants them fo. There is no need
to insist on definitions, but students' attention can be drawn to when they are clearly trying to
find something out, clearly trying to make something happen, or doing some of each.

Furthermore, as students begin to think about their own possible occupations, they should be
introduced to the range of careers that involve technology and science, including engineering,
architecture, and industrial design. Through projects, readings, field trips, and interviews,
students can begin to develop a sense of the great variety of occupations related to technology

and to science, and what preparation they require.

By the end of the 8th grade, students should know that

 In earlier times, the accumulated information and techniques of each generation
of workers were taught on the job directly to the next generation of workers. -
Today, the knowledge base for technology can be found as well in libraries of
print and electronic resources and is often taught in the classroom

e T echnology is essential to science for such purposes as access to outer space
and other remote locations, sample collection and treatment, measurement, data
collection and storage, computatlon and communication of mformatlon .

. Engmeers, architects, and others who engage in desngn and technology use
scientific knowledge to solve practical problems. But they usually have to take
human values and limitations into account as well.

Grades 9 through 12

In addition to participating in major design projects to deepen their understanding of
technology, students now should be helped to develop a richer sense of the relatlonshnps
linking technology and science. That can come from reflection on the project experiences and
from a study of the history of science and technology. Certain episodes in the history of
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science illustrate the importance of technology to science and the difficulty of clearly
separating science and technology. The Industrial Revolution is espec:ally important in this

regard.

By the end of the 12th grade, students should know that

« Technological problems often create a demand for new scientific knowiedge, and
new technologies make it possible for scientists to extend their research in new
ways or to undertake entirely new lines of research. The very availability of new
technoiogy itself often sparks scientific advances.

. Mamematics, creativity, logic and originality are all needed to improve
tech'n‘otog'y

. ‘Technahagy usually affects society more directly than science because it solves
practical problems and serves human needs (and may create new problems and
needs). In contrast, science affects society mainly by stimulating and satlsfymg
people’s curiosity and occaslonally by enlarging or challenging their views of

"~ what the world is like.

B. Design and Systems 5

Engineering is the professional field most closely, or at least most deliberately, associated with
technology. Engineers solve problems by applying scientific principles to practical ends. They
design instruments, machines, structures, and systems to accomplish specified ends, and
must do so while taking into account limitations |mposed by time, money, law, morality,
insufficient information, and more. In short, engineering has Iargely to do with the design of
technological systems

Perhaps the best way to become famlhar with the nature of engineering and design is to do
some. By participating in such activities, students should learn how to analyze situations and
gather relevant information, define problems, generate and evaluate creative ideas, develop
their ideas into tangible solutions, and assess and improve their solutions. To become good
problem solvers, students need to develop drawing and modeling skills, along with the ability to
record their analyses suggestions and results in clear language

Gradually, as students particapate in more sophxstxcated pro;ects they will encounter

~ constraints and the need for making trade-offs. The concept of trade-off in technology-and
more broadly in all social systems-is so important that teachers should put it into as many

problem-solvmg contexts as possible. Students should be explicit in their own proposals about

what is being traded off for what. They should learn to expect the same of others who propose

technical, economic, or political solutions to problems.

Feedback should be another main concept learned in the study of technological systems.
Students are likely to encounter it often in biology, physiology, politics, games, conversation,
and even when operating tools and machines. Students should also learn that technologies
always have side effects and that all technological systems can fail. These ideas can be
introduced in simple form early and gradually become more prominent in the upper grades.
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Just as with trade-off and feedback, these new concepts should be encountered in a variety of
contexts. Daily newspapers provide an inexhaustible supply of examples to analyze.

Kindergarten through Grade 2 L

Children should design and make things with simple tools and a variety of materials. They
should identify a need or opportunity of interest to them, and then plan, design, make,
evaluate, and modify the design with appropriate help. They might need help identifying
problems that are both interesting to them and within their capabilities. After they gain
experience working through one problem, they may find their next design project easier and
feel more confident about trying it.

One design consideration to be introduced right away is constraints. Safety, time, cost, school

_pohcy, space, availability of materials, and other realities restrict student projects. Teachers

can point out that adults also face constraints when they des:gn things, and that the real
challenge, for adults or children, is to devise solutions that give good results in spite of the
restrictions. In the early grades children may be inclined to go with their first design notion with
little patience for testmg or revision. Where possible, they should be encouraged to improve
their ideas, but it is more important that they develop confidence in their ability to think up and
carry out design projects. When their projects are complete, students can tell what they like

about one another's designs.

By the end of the 2nd grade, students should know that

o People may not be able to actually make or do everything that they can design.

Grades 3 through §

Students should become increasingly comfortable with developing designs and analyzing the
product: "Does it work?" "Could | make it work better?" "Could | have used better materials?"
The more experience students accrue, the less direct guidance they need. They should realize
early that cooperative efforts and individual initiative are valuable in spotting and ironing out
design glitches. They should begin to enjoy challenges that require them to clarify a problem,
generate criteria for an acceptable solution, suggest possible solutions, try one out, and then
make adjustments or start over with a newly proposed solution.

As students undertake more extensive design projects, emphasis should be placed on the
notion that there usually is not one best design for a product or process, but a variety of
alternatives and possibilities. One way to accomplish this goal is to have several groups design
and execute solutions to the same problem and then discuss the advantages and
disadvantages of each solution. Ideally, the problems should be "real” and engaging for the

students.

By the end of the 5th grade, students should know that

e Thereis no pérfect design. Designs that are best in one respect (safety or ease of
use, for example) may be inferior in other ways (cost or appearance). Usually
some features must be sacrificed to get others. How such trade-offs are received
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depends upon which features are emphasized and which are down-played.

« Even a good design may fail. Sometimes steps can be taken ahead of time to
reduce the likelihood of failure, but it cannot be entirely eliminated.

o The solution to one problem may create other problems.

sy

Grades 6 through 8

An idea to be developed in the middie grades is that complex systems require control
mechanisms. The common thermaostat for controlling room temperature is known to most
students and can serve as a model for all control mechanisms. But students should explore
how controls work in various kinds of systems-machines, athletic contests, politics, the human
body, learning, etc. At some point, students should try to invent control mechanisms, which
need not be mechanical or electrical, that they can actually put into operation.

The concept of side effects can be raised at this time, perhaps by using actual case studies of
technologies (antibiotics, automobiles, spray cans, etc.) that turned out to have unexpected
side effects. Students should also meet more interesting and challenging constraints as they
work on design projects. Also, students should become familiar with many actual examples of
how overdesign and redundancy are used to deal with uncertainty.

By the end of the 8th grade, students should know that

» Design usually requires taking constraints into account. Some constraints, such
as gravity or the properties of the materials to be used, are unavoidable. Other
constraints, including economic, political, social, ethical, and aesthetic ones,
limit choices. .

» All technologies have effects other than those intended by the design, some of
which may have been predictable and some not. In either case, these side effects
may turn out to be unacceptable to some of the population and therefore lead to
conflict between groups.

o Almost all control systems have inputs, outputs, and feedback. The essence of
control is comparing information about what is happening to what people want to
happen and then makmg appropnate adjustments. This procedure requires
sensing informatlon, processing it, and making changes. In almost all modern
machines, mlcroprocessors serve as centers of performance control.

o Systems fail because they have faulty or poorly matched parts, are used in ways
that exceed what was intended by the design, or were poorly designed to begin
with. The most common ways to prevent failure are pretesting parts and
procedures, overdesign, and redundancy.

" Chapter
Grades 9 through 12  Contents -

| Adequate time should be spent fleshing out the concepts of resources (tools, materials,

energy, information, people, capital, time), systems, control, and impacts introduced in earlier
grades. Students should also move to higher levels of critical and creative thinking through
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progressively more demanding design and technology work. They need practice as individuals
and as members of a group in developing and defining ideas using drawings and models.

New concepts to be introduced in high school include risk analysis and technology
assessment. Students should become aware that designed systems are subject to failure but
that the risk of failure can be reduced by a variety of means: overdesign, redundancy, fail-safe
designs, more research ahead of time, more controls, etc. They should also come to recognize
that these precautions add costs that may become prohibitive, so that few designs are ideal.

- Because no number of precautions can reduce the risk of system failure to zero, comparing

the estimated risks of a proposed technology to its alternatives is often necessary. The choice,
usually, is not between a high-risk option and a risk-free one, but comes down to making a
trade-off among actions, all of which involve some risk.

Students should realize that analyzing risk entails looking at probabilities of events and at how
bad the events would be if they were to happen. Through surveys and interviews, students can
learn that comparing risks is difficult because people vary greatly in their perception of risk,
which tends to be influenced by such matters as whether the risk is gradual or instantaneous
(global warming versus plane crashes), how much control people think they have over the risk
(cigarette smoking versus being struck by lightning), and how the risk is expressed (the
number of people affected versus the proportion affected).

\

By the end of the 12th grade, students should know that

o In designing a device or process, thought should be given to how it will be
~ manufactured, operated, maintained, replaced, and disposed of and who will sell,
- operate, and take care of it. The costs associated with these functions may
introduce yet more constraints on the design.

o The value of any given technology may be different for different groups of people
and at different points in time.

o Compléx»systems have layers of controls. Some controls operate particular parts
of the system and some control other controls. Even fully automatic systems
require human control at some point.

« Risk analysis is used to minimize the likelihood of unwanted side effects of a
new technology. The public perception of risk may depend, however on
psychologlcal factors as well as scientific ones. _

« The more parts and connectsons a system has, the more ways it can go wrong.
Complex systems usually have components to detect, back up, bypass, or
compensate for minor failures.

« To reduce the chance of system failure, performance testing is often conducted
using small-scale models, computer simulations, analogous systems, or just the
parts of the system thought to be least reliable.

C. Issues in Technology
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More and more, citizens are called on to decide which technologies to develop, which to use,
“and how to use them. Part of being prepared for that responsibility is knowing about how
technology works, including its alternatives, benefits, risks, and limitations. The long-term
interests of society are best served when key issues concerning proposals to introduce or.
curtail technology are addressed before final decisions are made. Students should learn how
to ask important questions about the immediate and long-range impacts that technological
innovations and the elimination of existing technologies are likely to have. But intelligent adults
disagree about wise use of technology. Schooling should help students learn-how to think
critically about technology issues, not what fo think about them. Teachers can help students
acquire informed attitudes on the various technologies and their social, cultural, economic, and
ecological consequences. When teachers do express their personal views (to demonstrate that
adults can have well-informed opinions), they should also acknowledge alternative views and
fairly state the evidence, logic, and values that lead other people to have those views.

Understanding the potential impact of technology may be critical to civilization. Technology is
not innately good, bad, or neutral. Typically, its effects are complex, hard to estimate
accurately, and likely to have different values for different people at different times. lts effects
depend upon human decisions about development and use. Human experience with
technology, including the invention of processes and tools, shows that people have some
control over their destiny. They can tackle problems by searching for better ways to do things,
inventing solutions and taking risks.

Case studies of actual technologies provide an excellent way for students to discuss risk.
There is a vast array of topics: the Aswan High Dam, the contraceptive pill, steam engines,
pesticides, public-opinion polling, penicillin, standardized parts, refrigeration, nuclear power,
fluoridated water, and hundreds more. Teachers and students can assemble case-study
material or use commercially developed case studies. Good design projects and case studies
can help students to develop insight into experience.

Kindergarten through Grade 2

Design projects give students interesting opportunities to solve problems, use tools well,
measure things carefully, make reasonable estimations, calculate accurately, and
communicate clearly. And projects also let students ponder the effects their inventions might
have. For example, if a group of the children in a class decides to build a large shallow tank to
create an ocean habitat, the whole class should discuss what happens if the tank leaks,
whether this project interferes with other projects or classroom activities, whether there are
other ways to learn about ocean habitats, and so forth. More generally, young children can
begin to learn about the effects that people have on their surroundmgs

Students at this level are old enough to see that solving some problems may lead to other
problems, but the social impact matters should not be pressed too hard now. That might
overemphasize constraints and take much of the fun out of doing simple projects by requiring
too much analysis.

By the end of the 2nd grade, students should know that

o People, alone or in groups, are always inventing new ways to solve problems and
get work done. The tools and ways of doing things that people have invented
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affect all aspects of life.

« When a group of people wants to build something or try something new, they
should try to figure out ahead of time how it might affect other people.

Grades 3 through § ©

Students can become interested in comparing present technology with that of earlier times, as
well as the technology in their everyday lives with that of other places in the world. They can
imagine what life would be like without certain technology, as well as what new technology the
future might hold. Reading about other civilizations or earlier times than their own will illustrate
the central role that different technologies play. Students may get involved in current
campaigns related to technology-saving energy, recycling materials, reducing litter, and the
like. Waste disposal may be a particularly comprehensible and helpful topic in directing their
attention to the side effects of technology.

By the end of the 5th grade, students should know that -

.» Technology has been part of life on the earth since the advent of the human
species. Like language, ritual, commerce, and the arts, technology is an intrinsic
- part of human culture, and it both shapes society and is shaped by it. The
technology available to people greatly influences what their lives are like.

 Any invention is likely to lead to other inventions. Once an invention exists,
people are likely to think up ways of using it that were never imagined at first.

e Transportation, communications, nutrition, sanitation, health care, entertainment,
and other technologies give large numbers of people today the goods and
services that once were luxuries enjoyed only by the wealthy. These benefits are
not equally available to everyone.

« Scientific laws, engineering principles, properties of materials, and construction
techniques must be taken into account in designing engineering solutions to
problems. Other factors, such as cost, safety, appearance, environmental impact,
and what will happen if the solution fails also must be considered.

« Technologies often have drawbacks as well as benefits. A technology that helps
some people or organisms may hurt others-either deliberately (as weapons can)
or inadvertently (as pesticides can). When harm occurs or seems likely, choices
have to be made or new solutions found. |

» Because of their ability to invent tools and processes, people have an enormous
effect on the lives of other living things.

Grades 6 through 8 Contents
To enrich their understanding of how technology has shaped how people live now, students
should examine what life was like under different technological circumstances in the past. They
should become aware that significant changes occurred in the lives of people when technology
provided more and better food, control of sewage, heat and light for homes, and rapid
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transportation. Studying the past should engender respect for the inventions and constructions
of earlier civilizations and cultures. ‘

Both historical and literary approaches ought to be used to imagine what the future will bring

" and to reflect on people’'s somewhat limited ability to predict the future. Science fiction and
novels set in future times suggest changes in human life that might occur because of yet
uninvented technology. Stories selected for this purpose should raise many different issues
regarding the impact of technology, and students should probe beneath the plot to analyze
those issues. Student groups can formulate and compare their own scenarios for some future
time-say, when they are adults.

'By the end of the 8th grade, students should know that

e The human ability to shape the future comes from a capacity fbr generating
knowledge and developing new technologies-and for communicating ideas to
others. . ’

o Technology cannot always provide successful solutions for problems or fulfill
every lthuman .need. ’

« Throughout history, people have carried out impressive technological feats,
some of which would be hard to duplicate today even with modern tools. The
purposes served by these achievements have sometimes been practical,
sometimes ceremonial.

o Technology has strongly influenced the course of history and continues to do
so. It is largely responsible for the great revolutions in agriculture,
manufacturing, sanitation and medicine, warfare, transportation, information
processing, and communications that have radically changed how people live.

« New technologies increase some risks and decrease others. Some of the same
technologies that have improved the length and quality of life for many people
have also brought new risks. o

« Rarely are technology issues simple and one-sided. Relevant facts alone, even
when known and available, usually do not settle matters entirely in favor of one
side or another. That is because the contending groups may have different
values and priorities. They may stand to gain or lose in different degrees, or may
make very different predictions about what the future consequences of the
proposed action will be. : i e

« Societies influence what aspects of technology are developed and how these are

used. People control technology (as well as science) and are responsible for its
effects. '

Grades 9 through 12

As suggested earlier, the real-world work of students as supplemented by case studies
probably provides the most effective way to examine issues related to how society responds to

the promise or threat of technological change-whether by adopting new technologies or
curtailing the use of existing ones. What must be avoided by teachers is turning the case

I WA W e
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studies into occasions for promoting a particular point of view. People tend to hold very strong
opinions on.the use of technologies, and not only of nuclear reactors and genetic engineering.
The teacher's job is not to provide students with the "right" answers about technology but to
see to it that students know what questions to ask.

Students can also add detail to their awareness of the effects of the human presence on life.
For instance, they should be able to cite several examples of how the introduction of foreign
species has changed an ecosystem. Out of this should come an awareness that people can
make some decisions about what life on earth will survive and a sense of responsibility about
exercising power. Students also should learn that people cannot shape every aspect of life to
their own liking.

For example, most Americans recognize that technology has provided new goods and
services, but not that industrialization of agriculture, by eliminating the need for children to
work in the fields, made it possible for them to attend school, thereby increasing the general
educational level of the population. These kinds of social impacts should be studied as well as
those that affect human health and the environment.

By the end of the 12th grade, students should know that

» Social and economic forces strongly influence which technologies will be
developed and used. Which will prevail is affected by many factors, such as
personal values, consumer acceptance, patent laws, the availability of risk
capital, the federal budget, local and national regulations, media attention,
economic competition, and tax incentives.

« Technological knowledge is not always as freely shared as scientific knowledge
unrelated to technology. Some scientists and engineers are comfortable working
in situations in which some secrecy is required, but others prefer not to do so. It
is generally regarded as a matter of individual choice and ethics, not one of
professional ethics. :

» In deciding on proposals to introduce new technologies or to curtail existing
ones, some key questions arise concerning alternatives, risks, costs, and
benefits. What alternative ways are there to achieve the same ends, and how do
the alternatives compare to the plan being put forward? Who benefits and who
suffers? What are the financial and social costs, do they change over time, and
who bears them? What are the risks associated with using (or not using) the new
technology, how serious are they, and who is in jeopardy? What human, material,
and energy resources will be needed to build, install, operate, maintain, and '
replace the new technology, and where will they come from? How will the new
technology and its waste products be disposed of and at what costs?

« The human species has a major impact on other species in many ways: reducing
the amount of the earth’s surface available to those other species, interfering
with their food sources, changing the temperature and chemical composition of
their habitats, introducing foreign species into their ecosystems, and altering
organisms directly through selective breeding and genetic engineering.

« Human inventiveness has brought new risks as well as improvements to human
existence. '
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8. THE DESIGNED WORLD

A. Agriculfure
Kindergarten through Grade 2
Grades 3 through 5
Grades 6 through 8
9 h

Kmdergarten through Grade 2
Grades 3 through 5
Grades 6 through 8
Grades 9 through 12
C. Energy Sources and Use
Kindergarten through Grade 2
Grades 3 through 5
Grades 6 through 8
Grades 9 through 12

D. Communication
Kindergarten through Grade 2

Grades 3 through 5

Grades 6 through 8
ides
E.
Grades 6 through 8
~ Grades 9 through_ 12
F. Health’

5,3 through 5
Gra‘ ies 6 through 8
Grades 9 through 12

The World we live in has been shaped in many important ways by human action.
We have created technological options to prevent, eliminate, or lessen threats to
- life and the environment and to fulfill social needs. We have dammed rivers and
. cleared forests, made new materials and machines, covered vast areas with
cities and highways, and decided-sometimes willy-nilly-the fate of many other

living things.

In a sense, then, many parts of our world are designed-shaped and controlled,
largely through the use of technology-in light of what we take our interests to be.
We have brought the earth to a point where our future well-being will depend
heavily on how we develop and use and restrict technology. In turn, that will

http://www.proiect2061.org/publications/bsl/online/ch8/ch8.htm ‘ 3/14/2007



BOL Ch. 8--The Designed World Page 2 of 19

depend heavily on how well we understand the workings of technology and the
social, cultural, economic, and ecological systems within which we live.

Science for All Americans

Here the focus is on particular technological systems, such as agriculture and manufacturing,
and the benchmarks indicate what particular engineering, scientific, social, and historical
understandings students should gain. In the companion Chapter 3: The Nature of Technology,
the benchmarks deal with general pnncrples of technology and engineering, with the
relationships between technology and science, and with the effects of technology on society.

The sections in this chapter are not intended to cover all major areas of technology. Other
areas-such as the technology of warfare, transportation, or architecture- might also have been
included. The areas covered here should supply an ample sampling of major ideas to serve as
a basis for understanding various key technologies of today-and those that will come
tomorrow. For many of the ideas in this chapter, students will need a background
understandmg of the physical setting and the living environment, for which benchmarks are
given in Chapter 4: The Physical Setting and Chapter 5: The Living Environment.

The content should not be taught solely in the technology curriculum. The responsibility needs
to be shared by science, mathematics, social studies, and history. Some of the instruction can
be didactic but much of it should be done through student projects. Technology projects should
be part of the curriculum from the earliest grades, gradually becoming longer and more
complex. Most projects should be done by small student groups with teachers acting as
advisers. Classroom visits by people involved in technology-related fields-such as architecture,
transportation, and textiles-may help to acquaint students with occupational opportunities in

technology.

A. Agriculture ;ﬁ

A majority of people never see food or fiber before those products get to retail stores, and
primary-school children may have only vague ideas about where their foods and fabrics come
from. So the first steps in teaching children about agriculture are to acquaint them with basics:
what grows where, what is required to grow and harvest it, how it gets to the stores, and how
modem-day U.S. agriculture compares with agriculture in other places and other times. Such
comparisons prepare students to consider how agriculture can be improved, what resources
are needed, and the consequences for society and the environment.

For most students, media resources about agncultural production in the United States and
elsewhere may have to supplement firsthand expenences Projects to trace locally available
food and fiber back to their origins are helpful in providing at least some personal experience.
As students become better able to handle complexity, they can undertake projects that require
planting, fertilizing, selecting desirable features, and adjusting the amount of light, water, and

warmth.

Projects for older students can involve the preservation of food and fiber, requirements for
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good nutrition, comparing energy efficiency of different products, and long-term changes in
water, soil, and forest resources. They should expand their sense of what agriculture is to
include the planting and harvesting of materials for use as fibers and fuel and for building
shelters. When students are able to grasp the interdependent elements of the agricultural
system, including fuel, roads, communications, weather, and prices, they may assess what
disasters do to an agricultural system and possible ways of recovering or even reducing their
likelihood. ‘

Kindergarten through Grade 2

The basic experiences for primary-school children include seeing plants grow from seeds they
have planted, eating the edible portions of the mature plants, and noticing what plants and
other things animals eat. Comparisons can be made to see what happens if some plants don't
get water or light, but carefully controlled experiments should be delayed until later, when
students will know better how to conduct scientific investigations. Some of the earliest stories
to be read to and by small children can tell about life on the farm and what happens to food
between the farm and the store. :

By the end of fhe 2nd grade, students should know that

« Most food comes from farms either directly as crops or as the animals that eat
the crops. To grow well, plants need enough warmth, light, and water. Crops also
must be protected from weeds and pests that can harm them.

« Part of a crop may be lost to pests or spoilage.
e A crop that is fine when harvested may spoil before it gets to consumers.

e Machines improve what péo‘ple get from crops by helping in planting and
harvesting, in keeping food fresh by packaging and cooling, and in moving it
long distances from where it is grown to where people live.

Grades 3 through 5

Students should enhance their earlier experiences by following plants through the production
of new seeds and offspring. They can design experiments to see the effects of water, light, and
fertilizer, although their experiments should involve only one variable at a time.

They should study what crops are found in different environments, including oceans, and trace
the paths that various foods and fibers take as they move from growers to consumers.
Storage, transportation, preservation, processing, and packaging should be considered. Where
- possible, students should visit markets, farms, grain elevators, and processing plants and
examine trucks, trains, cargo planes, and as many other parts of the "technological food chain"

as possible.

To appreciate the rigors of agriculture, students should learn about life in earlier times and the
great effort that went into planting, nurturing, harvesting, and using crops. It is important that
they know some of the hazards that food encounters from the time it is a seed until it reaches
the kitchen. Food preservation and sanitation can be explored in early grades, but explanation
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of spoilage as the result of microorganisms should wait until 6th through 8th grades.

By the end of the 5th grade, students should know that:

ant varieties and animal breeds have more desirable characteristics than
ut some may be more difficult or costly to grow. The kinds of crops that
w in an area depend on the climate and soil. Irrigation and fertilizers can
3ps grow in places where there is too little water or the soil is poor.
« The damage to crops caused by rodents, weeds, and insects can be reduced by
using poisons, but their use may harm other plants or animals as well, and pests
tend to develop resistance to poisons. o

. Héati g, salting, smoking, drying, cooling, and airtight packaging are ways to

n the spoiling of food by microscopic organisms. These methods make
e for food to be stored for long intervals before being used.

« Modern technology has increased the efficiency of agriculture so that fewer
people are needed to work on farms than ever before. }
"« Places too cold or dry to grow certain crops can obtain food from places with
more suitable climates. Much of the food eaten by Americans comes from other
parts of the country and other places in the world.

Grades € through 8

in middle school, students can examine how changes in climate, fashion, or ecosystems affect
agriculture. The news media, even in the cities, often report how well particular crops are doing
in response to weather, pestilence, market demand, federal policies, and the like. Students'
discussions of such current events can lead them to raise technological, scientific, economic,
and political questions for further study.

Students should continue to be engaged in gardening and experimentation. As an addition to
traditional seeds-in-soil activities, hydroponics is an inexpensive and relatively rapid way to
help students understand modern agriculture because it allows them to monitor and control
many of the variables that contribute to plant growth and development. Students at this level
also study geography and the early history of the human species, including the transformation
from hunting and gathering to farming. This agricultural revolution provides a dramatic instance

of social change made possible by technological advances and, conversely, of technological
advance promoted by social change. ' . » N

By the end of the 8th grade, students should know that

« Early in human history, there was an agricultural revolution in which people
changed from hunting and gathering to farming. This allowed changes in the
division of labor between men and women and between children and aduits, and
the development of new patterns of government.

« People control the characteristics of plants and animals they raise by selective
breeding and by preserving varieties of seeds (old and new) to use if growing
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conditions change.

« In agriculture, as in all technologies, there are always trade-offs to be made.
Getting food from many different places makes people less dependent on
weather in any one piace, yet mare dependen on transportatlon and

nul lizing in one crop may risk

st populat:ons w;pe out that

replemshed by rotatmg the right crops

. Many peaple work to brmg foad f;ber, and fuel to US markets. With lmproved
technology, only a small fractfon of workers in the United States actually plant
and harvest the products that people use. Most workers are engaged in
processing, packagmg, transportmg, and seﬂlng what is produced.

Grades 9 thféﬁgh 12

Students' understandmg of agncultural technology can ;ncreasmgly draw upon their
understanding of underlying science concerning the interaction of living things with their
environments in ecosystems, the inheritance of traits, mutations, and natural selection. Their
growing familiarity with systems concepts should be exploxted in agricultural contexts to study
the interactions among production, preservation, transportation, communications, government
regulations, subsidies, and world markets. Social side-effects and tradeoffs of agricultural
strategies shou!d be discussed in both local and world contexts

By the end of the 12th grade, students should know that

e New varieties of farm plants and animals have‘ been engineered by manipulating
their genetlc mstruct;ons to produce new characteristics.

« Government sometimes intervenes in matchmg agrlcultural supply to demand in
“an attempt to ensure a stable, high-quality, and inexpensive food supply.
Regulations are often also designed to protect farmers from abrupt changes in
'farmmg conditions and from compet:tlon by farmers in other countnes

. Agncultura! technology requires tradeoffs between increased productnon and
environmental harm and between efficient production and social values. In the
past century, agricultural technology led to a huge shift of populatton from farms
to cities and a great change in how people: llve and work

B. Materials and Manufacturing

Most children like to make things. Over the school years, students should study and
manipulate (shape, cut, drill, pound, bake, soak, radiate, join, grind, etc.) many different kinds
of materials, from mud, clay, and paper to chemical reagents, alloys, and plastics. In doing so,

they learn about the physical and chemical properties of materials as well as about
manufacturing. In their hu!lrhnn activities, students should progress from using slrnnln tools

P Ty P e e

(scissors, paste, string, ruIers) to standard hand tools and cookmg utensils to sensmve
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measuring instruments and power tools.

Students should also move from designing and making simple objects to designing,
assembling, and operating a manufacturing system. The importance of planning, coordination,
and control should become as evident as the importance of selecting the most appropriate
materials and processes. Also evident will be the need for financing, sales, and follow-up
(including mamtenance repair, and handling complaints).

Historical, social, cultural, and scientific perspectives, involving readings and films to focus -
class discussion and student papers, can help to fill in the picture of materials and
manufacturing as essential components of human society.

" Kindergarten through Grade 2 |

Young children should have many experiences in working with different kinds of materials,
identifying and composing their propert:es and figuring out their suitability for different
purposes. (The Three Little Pigs is a familiar introduction to the world of materials for very
young children.). It is not too early for children to begin to wonder what happens to something
after it has been thrown away. They can monitor the amount of waste that people produce or
take part in community recycling projects.

By the end of the 2nd grade, students should know that:

o Some kinds of materials are better than others for making any particular thing.
Materials that are better in some ways (such as stronger or cheaper) may be
worse in other ways (heavier or harder to cut).

o Several steps are usually involved in making things.

. Tools are used to help make things, and some things cannot be made at all
without tools. Each kind of tool has a special purpose.

o Some materials can be used over again.

Grades 3 through 5

‘Many interesting activities enable children to expenence how:people process materials.
Cooking can help young people develop concepts about the effects of combining various
ingredients and treating mixtures to change their properties. Weaving cloth and straw, shaping
metal and plastic, cutting wood, and stampmg leather can help students discover the ,

_properties of various materials and experience how people transform materials into useful
objects.

Teachers can channel students' inclination to make things into assembly activities that benefit
from teamwork and go beyond producing a single product. Students can develop and use a
series of simple workstations to make sandwiches or fold paper into objects. Students should
consider how {o improve product unlformlty quantity, and quality and reduce the costs of
manufacturing products
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By the end of the 5th grade, students should know that:

« Naturally occurring materials such as wood, clay, cotton, and animal skins may
be processed or combined with other materials to change their properties.

« Through science and technology, a wide variety of materials that do not appear
in nature at all have become available, ranging from steel to nylon to liquid

crystals.

« Discarded products contribute to the problem of waste disposal. Sometimes it is
possible to use the materials in them to make new products, but materials differ
widely in the ease with which they can be recycled. ‘

« Through mass production, the time required to make a product and its cost can
be greatly reduced. Although many things are still made by hand in some parts
of the world, almost everything in the most technologically developed countries
is now :ﬁi‘bduced using automatic machines. Even automatic machines require
human supervision.

Grades 6 through 8

Recycling activities take on added value when students learn about a material's origins and
history. Students at this level can frace the production cycle of common materials such as
paper, lumber, rubber, steel, aluminum, glass, petroleum, and plastics. Their investigation
should begin with the natural formation of raw materials and examine the techniques employed
to gather these raw materials, process them into workable materials, transform them into
industrial and consumer products, and dispose of the products when they are no longer useful.
Students should identify points in the production and disposal cycle where used materials can
‘be collected, sorted, and reprocessed into usable materials. Once students have a sense of
the whole cycle, they can understand how recycling can conserve energy and natural
resources. Students can reflect on the influences that their own consumption choices can have
on what products are made and how they are packaged. (Later, they can find out that
sometimes recycling may use more energy and other resources than it saves.)

It is appropriate in the middle grades for students to undertake one or more manufacturing
initiatives of some magnitude and complexity. At this level, students should address the
challenges of conducting efficiency studies, designing production tooling, engineering a
production facility, maintaining quality-control standards, and marketing their final product. The
emphasis at this level should be on efficiency by maximizing production while minimizing
losses (for example, of time, material, energy, and effort).

By the end of the 8th grade, students should know that

o The choice of matérials for a job depends on their properties and on how they
interact with other materials. Similarly, the usefulness of some manufactured
parts of an object depends on how well they fit together with the other parts.

» Manufacturing usually involves a series of steps, such as desighing a produbt,
obtaining and preparing raw materials, processing the materials mechanically or

chemically, and assembling, testing, inspecting, and packaging. The sequence of
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these steps is also often important.

« Modern technology reduces manufacturing costs, produces more uniform
products, and creates new synthetic materials that can help reduce the depletion
of some natural resources. .

« Automation, including the use of robots, has changed the nature of work in most
fields, including manufacturing. As a result, high-skill, high-knowledge jobs in
engineering, computer programming, quality control, supervision, and
maintenance are replacing many routine, manual-labor jobs. Workers therefore
need better learning skills and flexibility to take on new and rapidly changing
jobs.

Grades 9 through 12 %

The study and design of materials involves several disciplines and issues. An effort should be
made to explore how scientific knowledge fuels technological advances and how technology
creates new scientific knowledge. Chemistry, physics, biology, and geology provide many clear
examples of this interactive relationship between science and technology. As students
understand better how atoms are configured in molecules and crystals (and less-well-defined

arrangements), they can begin to see the connections to large-scale properties of materials.
This-understanding leads naturally to laboratory tests that measure a material's physical
properties (such as tensile strength, hardness, and absorbency). Such tests can be included in
problems that require students to select and process materials to give the optimum
compromise between properties available and properties needed. Students should see some
automated production process firsthand, if possible, or at least they should see some media

presentations of several automated processes.

To develop an understanding of how modern manufacturing works, students need to study and
experience the role of automation in freeing people from tasks that are typically "dull, dirty, or
dangerous.” Students should have opportunities to manipulate and program automated
devices such as tabletop robots. Students generally have a lot of misconceptions and negative
attitudes about industrial robots, often based on television and movie depictions of robots.
Without concrete experience, they tend to think robots are'intelligent and evil machines that
take jobs away from people. After a little experience playing with an industrial robot, they often

report that robots are very stupid machines that are dependent on people for all the brain work
and can perform only the very simplest tasks. ' '

By the end of the 12th grade, students should know that

» Manufacturing processes have been changed by improved tools and techniques
based on more thorough scientific understanding, increases in the forces that
can be applied and the temperatures that can be reached, and the availability of
electronic controls that make operations occur more rapidly and consistently.

« Waste management includes considerations of quantity, safety, degradability,
and cost. It requires social and technological innovations, because waste-
disposal problems are political and economic as well as technical.

« Scientific research identifies new materials and new uses of known materials.
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» Increased knowledge of the molecular structure of materials helps in the design
and synthesis of new materials for special purposes.

C. Energy Sources and Use

Here the focus is on what practical knowledge students should have about energy, for which
benchmarks are presented in Chapter 4: The Physical Setting and Chapter 5: The Living
Environment. Students will use the term energy long before they have much of an idea of what
energy is. In the elementary grades, students can snmply associate energy with getting things
done and with heat. Students should have experience in using a variety of energy-transformmg
devices and considering what their inputs and outputs are. Understanding of the science and
technology of energy can grow together and lead to a better grasp of this elusive term. It also
can lead to understandings needed to inform decisions about energy use.

Kindergarten through Grade 2

Young children tend to associate the term energy with moving around a lot. They are likely to
know sources of energy by what they are used for-electricity gives people lights or cooks their
food, the sun melts snow or makes some calculators work, and moving air makes a pinwheel
turn and helps some boats move. But young children probably don't see heat and light as
forms of energy and need not be asked to. The emphasis should be on familiarizing them with
a wide variety of phenomena that result from moving water, wind, burning fuel, or connecting
to batteries and wall sockets.

By the end of the 2nd grade, students should know that

« People can save money by turning off machines when they are not using them.

o People burn fuels such as wood, oil, coal, or natural gas, or use electricity to
cook their food and warm their houses.

o

Grades 3 through 5 °

The emphasis here is on energy sources. Students should have many opportunities to observe
and talk about what the sun's energy is used for. They can see moving water as an energy

- source for "running" mills but its conversion to electricity should probably wait until they have
some familiarity with the relation between electricity and magnetism.

Students may be intrigued with the story of fossil fuels, particularly if it is linked to the era of the
dinosaurs. Some students may wonder why the plants that died so long ago didn't just turn into
soil the way the plants in their garden do; wondering like this should be encouraged. Just
realizing that fossil fuels formed under very special condmons can help students to apprec:ate
that these fuels are not easily replaced.

For the more nncll\/ observed sotuirces of energy, students can start to consider in o] uts and

ame W W

~outputs; what it takes for something to work and what all the effects are.

httn:/www nroiect2061 are/nublications/bsl/online/chR/ch® htm ‘ 3/14/2007



BOL Ch. 8--The Designed World Page 10 of 19

By the end of the 5th grade, students should know that

 Moving air and water can be used to run machines.

o The sun :s the main source of energy for people and they use it in various ways.
The energy in fossil fuels such as oil and coal comes from the sun indirectly,
because the fuels come from plants that grew long ago.

e Some energy sources cost less than others and some cause less pollution than
others : :

. People try to conserve energy in order to slow down the depletion of energy
resources and/or to save money.

Grades 8 ttzmug%‘e B

The emphasis here is on energy transformation. Students at thts level usually respond
enthusiastically to design chaltenges in which teams of students are called upon to create
energy-conversion systems using readily available mechanical, electrical, and electronic
devices. Ingenuity, simplicity, and complexity can all be rewarded but only for those teams that
-also can describe correctly the science of what is happenlng as energy goes through its

, transformatuon(s) in their machines.

At this level, students enjoy making and testing simple energy-conversion devices such as
tabletop wind generators and model solar collectors. During the testing process, students can
monitor the energy-conversuon process by making input versus output comparisons. The data
they gather can msplre hypotheses that subsequently msplre modxficatrons These

or addmg reﬂector pane!s to a solar collector to mcrease the amount of rad:ant energy entering
the device. Such modifications can result in a higher output voltage in the case of the wind
generator or a greater temperature gain in the case of the solar collector.

Such tmkermg experiences typically create a genume desire and readiness on the part of
students to understand the laws of nature that can help them explain why their devices behave
the way they do. Alternative and appropriate energy-utlhzatlon systems are typically easy to
understand because they are relatively simple. Because of the simplicity of such systems,
almost all students can experience some degree of success in: deS|gmng, building, and testing
amodel alternatnve—energy dewce .

By the end of the Sth grade students shculd know that

. Energy can change from one form to another, although in the process some
energy is always converted to heat. Some systems transform energy with less
loss of heat than others.

o Different ways of obtaining, transforming, and dlstrlbutmg energy have different
environmental consequences.

o In many instances, manufacturing and other technological activities are
performed at a site close to an energy source. Some forms of energy are
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transported easily, others are not.
o Electncal energy can be produced froma ‘variety of energy sources and can be

dlstnbute energy quickly and convemently to distant Iocatlons

. .Energy from the sun (and the wmd -and water energy d.enved from it) is available
indefinitely. Because the flow of energy is weak and variable, very large
collection systems are needed. Other sources don't renew or renew only slowly.

« Different parts of the world have different amounts and kinds of energy
resources to use and use them for different purposes.

Grades 9 through 12

Students can campare industrial and nonindustrial societies by their standards of hvmg and
energy consumption. They can examine the consequences of the world's dependence on
fossil fuels, explore a wide range of alternative energy resources and technologies, and
consider tradeoffs in each. They might evaluate such matters as the use of hlgh-quahty energy
resources such as natural gas for such applications as heating homes. They can even propose
policies for conserving and managing energy resources.

By the end of the 12th grade, students should know that

o A central factor in technological change has been how hot a fire could be made.
The discovery of new fuels, the design of better ovens and furnaces, and the
forced delivery of air or pure oxygen have progressively increased the available
temperature. Lasers are a new tool for focusing radiation energy with great
intensity and control. .

o At present all fuels have advantages and disadvantages so that society must
consider the tradeoffs among them.

. Nuclear reactions release energy without the combustion products of burning
fuels, but the radioactivity of fuels and by-products poses other risks, which may
last for thousands of years.

. Industrsahzatlon brings an increased demand for and use of energy Such usage
contributes to the high standard of living in the mdustnaﬂy developmg nations
but also leads to more rapid depletlon of the earth's energy resources an_d to
env:ronmental risks assoclated with the use of fossil and nuclear fuels.

o Decisions to slow the depletion of energy sources through efficient technology
can be made at many levels, from personal to national, and they always involve
tradeoffs of economic costs and social values.

D. Communication

Communication is ihe transfer of information and some means of ensuring that what is sent is
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also received. Technology increases the ways in which information can be communicated, the
speed of transmission, and the total volume that can be handled at any one time. The spread
of communication technologies brings social change, affects people's attitudes toward others,
and influences behavior.

Nearly everyone is interested in audio and television systems, radar, and communications
satellites, yet they need also to realize that earlier communication technologies, such as writing
and moveable type, revolutionized civilization. And before that, the development of spoken
language, coupled with mobility, was an important step forward in communication technology.

People are a part of every communications system, in both its design and operation. Many
students see the communications industry as important for entertainment and job prospects.
Students can move from being users of various communication devices to understanding
general communications principles and appreciating opportunities and problems that come
with these technologies. |

Kindergarten through Grade 2 |

Even before children master the alphabet, they know that various shapes, symbols, and colors
have special meanings in society (for example, red means danger, a red octagon means stop,
green means go, arrows show direction, a circle with a slash means no). Young children are
fascinated by various forms of giving messages, including sign language, road signs, recycling
symbols, and company logos, and they should have opportunities to invent forms of their own.
Their symbols can be used in classroom routines, illustrating the need to have common
meanings for signs, symbols, and gestures. They should learn that writing things down and
drawing pictures can help them tell their ideas to others accurately. (Second-graders need not
be burdened yet with "communicating information®-they can tell and hear and send and get
messages.). Students can discuss what the best ways are to convey different kinds of
messages-not to decide on right answers, of course, but to start thinking about advantages
and disadvantages.

By the end of the 2nd grade, students should know that

« Information can be sent and received in many different ways. Some allow
answering back and some do not. Each way has advantages and disadvantages.

« Devices can be used to send and receive messages quickly and clearly.

s —

Grades 3 through 5

Students can start to study the internal workings of major communications systems, including
‘those of the past. For example, they can study how the parts of the world are connected by
telephone lines (many of which can be traced from a building to telephone poles and from
telephone poles to the local switching office). Students can learn how telephone numbers are.
codes for activating switches and how these switches make a series of connections that link

one location to another.

Students at this level delight in using secret codes. Their own experiences and stories about

the use of codes can lead to reflections about the requirements for code use. By trying to
] J J
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break secret codes made by classmates, students can develop skills in finding patterns and
using logic. Also, students are generally eager to use a variety of communication devices.
They should gain experience using computers, audiotapes, and videotapes-as well as writing
and drawing implements-to communicate information to classmates and students elsewhere.

By the end of the 5th grade, students should know that

« People have always tried to communicate with one another. Signed and spoken
language was one of the first inventions. Early forms of recording messages
used markings on materials such as wood or stone.

. Commumcation involves coding and decoding information. In any language,
both the sender and the receiver have to know the same code, which means that
secret codes can be used to keep communication private.

e 'People have invented devices, such as paper and ink, engraved plastic disks,
and magnetic tapes, for recording information. These devices enable great
amounts of information to be stored and retrieved-and be sent to one or many
other people or places.

« Communication technologies make it possible to send and receive information
more and more reliably, quickly, and cheaply over long distances.

Grades 6 through 8 1 .

At this level, students can understand communication systems as a series of black boxes
linked together to connect people in one location with people in another location. They can
recognize that each black box in the chain accepts an input signal, processes that signal, and
produces and sends a new signal. Consequently, a microphone is a black box that converts
sound into electricity, an amplifier is a black box that uses a weak signal and produces a
stronger signal, and a speaker converts electricity into sound. Building on their experiences
with electricity, students can understand how these devices need to be connected together
with wire to work. Students need to experiment with simple devices such as microphones,
speakers, and amplifiers before they can think about more sophisticated devices such as video
cameras, cathode-ray tubes, stereo systems, and satellites.

By the end of the 8th grade, students should know thva't

. Errors can occur in coding, transmitting, or decoding information, and some
means of checking for accuracy is needed. Repeating the message is a
frequently used method.

« Information can be carried by many media, including sound, light, and objects. In
this century, the ability to code information as electric currents in wires,
electromagnetic waves in space, and light in glass fibers has made
communication millions of times faster than is possible by mail or sound.

Grades 9 through 12
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Students need to experience firsthand how technology helps people communicate more
information to more people in less time, with greater accuracy, and fewer misunderstandings.
They can begin to understand how some common communication devices transform patterns
of sound or light into pattems of electncsty and transmit electrical patterns across a variety of
linkages and how receivers process incoming signals and convert patterns of electricity back
into patterns of sound and light.

By the end of the 12th grade, students should know that

¢ Almost ahy information can be transformed into electrical signals. A weak
electrical signal can be used to shape a stronger one, which can control other
s;gnals of light, sound, mechamcal devices, or radio waves.

e The quaﬁty of communication is determined by the strength of the signal in

) the noise that tends to obscure it. Communication errors can be

y boosting and focusmg signals, shielding the 5|gna| from internal and
»exter,na oise, and repeating information, but all of these increase costs. Digital
coding of information (using only 1's and 0's) makes possible more reliable
transmtssmn of information.

e As techno!ogles that provide privacy in communication improve, so do those for
mvadmg privacy.

E. Information Processing '«

Technology has played an important role in collecting, storing, retrieving, and dealing with
information as well as in transmitting it. Through experience and discussion, students should
learn that wrltmg on paper, making drawings, taking pictures with a camera, talking into a tape
recorder, and entering letters and numbers into a computer are all ways of capturing and
saving information. The invention of writing, moveable type, tables of data, diagrams,
mathematical formulas, and filing systems have all increased the amount of information that
people can handle. Large amounts of information are needed to operate modern societies, and
generatmg, processing, and transferring information are among the most common occupations
in modern countries. Students should all become comfortable using computers to manipulate
information and have some idea of the processes involved. They should also explore the social
consequences of increased access to information and of the fact that some people or groups
have greater. access than others. '

 Kindergarten through Grade 2 |

Children are often required to keep folders, notebooks, journals, and/or portfolios to organize
and store their work so it can be reviewed at a later date-the essence of an information storage
and retrieval system. The children can help design and use simple strategies for storing and
retrieving information that is recorded in the form of words and pictures on physical media (for
example, audio and video cassette tapes, paper, and photographs). Using things such as
personal folders, pockets mounted on the wall, and plastic file boxes located in workstations,
students can learn that things need to have piaces where they can be siored-and if they are
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stored well, they are easier to find later. Things containing the same type of information can be
assigned a special color or name that make it easier to store them correctly and find them
later. These experiences can provide students with the foundation they will need to address
more sophisticated information-management problems in the future.

By the end of the 2nd grade, students should know that .

e There are different ways to store things so they can be easily found later.

o Letters and numbers can be used to put things in a useful order.

Grades 3 %i‘smug%; 5

Children should have the opportunity to use and rnvestrgate a range of information-handling
devices such as electronic mail, audio and video recorders, and reference books. They should
gather, organize, and present mformatron in several ways, using reference books paper files,

and oomputers

Students are now beginning to encounter challenging information-processing problems in their
school work. These problems have one or more appropriate procedures (software) for
processing data, and these procedures often can be performed more efficiently with the aid of
‘technology (hardware). Students should be encouraged to identify the data presented in the
problem, develop a procedure for processing the data, implement the procedure with the aid of
technology, and evaluate the reasonableness of their results. As students encounter more
sophisticated problems with more complicated data sets, the procedures and tools that they
use should also become more sophisticated. Eventually, students should be gathering data,
processing information, and presenting the results of their data-analysis activities.

By the end of the 5th grade, students should know that

« Computers are controlled partly by how they are wired and partly by special

- instructions called programs that are entered into a computer’s memory. Some
programs stay permanently in the machine but most are coded on disks and
transferred mto and out of the computer to suit the user. '

. Computers can be programmed to store, retneve, and perform operatrons on
information. These operations include mathematical calculations, word
processing, dragram drawmg, and the mode”lmg of complex events

. Mlstakes can occur when people enter programs or data into a computer.
Computers themselves can make errors in information processing because of
defects in their hardware or software.

Grades B through 8

Students should use simple electronic devices for sensing, making logical decisions, counting,
and storing information. It is important to put programming in perspective. Only a tiny
percentage of computer users need to know how to program computers. However, working out
a simple program of only a few steps can help students see the importance of logical thinking
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and increase their understanding of how a computer works. Programming a computer also
helps students realize that all the capabilities that computers have come from human
intelligence.

By the end of the 8th grade, students should know that

« Most computers use digital codes containing only two symbols, 0 and 1, to
perform all operations. Continuous signals must be transformed into dlgltal
codes before they can be processed by a computer.

« What use can be made of a large collection of information depends upon how it
is organized. One of the values of computers is that they are able, on command,
to reorganize information in a variety of ways, thereby enabimg people to make
more and better uses of the collectron

. Computer control of mechamcai systems can be much quicker than human
control In situations where events happen faster than people can react, there is
little choice but to rely on computers. Most complex systems still require human
oversight, however, to make certain kinds of judgments about the readiness of
the parts of the system (including the computers) and the system as a whole to

operate proper!y, to react to unexpected failures, and to evaluate how well the

system is serving its intended purposes

e An mcreasmg number of people work at jobs that involve processing or
distributing information. Because computers can do these tasks faster and more
rellably, they have become standard tools both in the workplace and at home.

Grades 9 through 12 °

Students should use information devices to collect and analyze data from expenments to

simulate a variety of biological and physical phenomena, to access and organize information

from databases, and to use programmable systems to control electric and mechanical devices.
They should also have expenence using computer models. This level is a good time to think
about organisms as systems in which information is shared in genes in a code that can be
interpreted by biochemical processes.

By the end of the 12th grade, students should ‘know that

. COmputer modelmg explores the loglcal consequences of a set of instructions

~ and a set of data. The instructions and data input of a computer model try to
represent the real world so the computer can show what would actually happen.
In this way, computers assist people in making decisions by simulating the
consequences of different possible decisions.

+ Redundancy can reduce errors in storing or processing information but
~ increases costs.

o Miniaturization of information-processing hardware can increase processing
~ speed and portability, reduce energy use, and lower cost. Miniaturization is made
. possibie through higher-purity materiais and more precise fabrication
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technology.

F. Health Technology

Good health practices should be taught for their own sake and to provide students with an
understanding of the relationship between health technology and the health of the population.
Learning starts with the health of each student and the means of protecting it, then gradually
moves to explanations of how the body works, what causes diseases, how they are
transmitted, and how the body protects itself from disease. Along the way, students learn
about the role of technology in health maintenance.

ltis lmportant not to exaggerate the lmportance 'of glamorous technologies such as dialysis
machines, life-support systems, and organ-transplant surgery, because ordinary public health
measures have contributed more to improving the human condition and life span. Students
should learn of the advances in health and human life expectancy that have resulted from
inaculations, modern waste-disposal systems, sanitary food handling, refrigeration, antibiotics,
medical imaging, and other technologies now considered commonplace. Individuals and
society continue to deal with difficult issues in making decisions about the use of modern
medical technologies. Some of these issues are technical, some are ethical. Some of the
issues, such as the worldwide population explosion, are consequences of the success of

technology.

—
Kindergarten through Grade 2 |

Young children know that germs can make them sick, even though they may not know exactly
what germs are. Of course, good health habits should be taught and encouraged: knowing
when it's important to wash their.hands, being careful about what goes into their mouths, not
sneezing and coughing on others, and avmdmg contact with someone who is contagiously
sick. Children also know that shots and oral vaccines can help prevent certain diseases and
that, if they do get sick, medicines can sometimes help them get better. This knowledge can be
built upon to help students realize that science and technology contribute to good health.

By the end of the 2nd grade, students should know that

» Vaccinations and other scientific treatments protect people from getting certain
diseases, and different kinds of medicines may help those who do become sick

to recover.

Grades 3 through 5

Students can collect information on their own health with simple devices, such as a watch, a
thermometer, and a stethoscope, and they can begin to get a sense of how such information
varies. Students can even undertake projects such as designing aids for the disabled. If
children visit a hospital, they can see examples of how computers and monitoring instruments

~ are important in various aspects of health care.
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By the end of the 5th grade, students should know that

o There are normal ranges for body measurements-including temperature, heart
rate, and what is in the blood and urine-that help to tell when people are well.
Tools, such as thermometers and x-ray machines, provide us clues about what is
happening inside the body.

e Technology has made it possibie to repair and som‘etimes replace some body
parts.

Grades 6 through 8

Teachers can capitalize on students' interest in their changing bodies by having them monitor
and assess their basic vital signs and other health-related characteristics. Using simple tools
such as electronic blood-pressure devices, digital thermometers, stethoscopes, biofeedback
monitors, and cardiovascular-fitness software, students can monitor their own health. The data
they gather can be analyzed to show how heaithy people are different.

The history of medicine and public health contains numerous accounts likely to fascinate many
middle-school students. Students usually know about the marvels of modern treatments but
not preventions such as sewer systems. Because the health of populations depends more on
public health measures than on treatment, an effort should be made to interest students in
prevention, vaccination, and other public health measures.

By the end of the 8th grade, students should know that

« Sanitation measures such as the use of sewers, landfills, quarantines, and safe
food handling are important in controlling the spread of organisms that cause
disease. Improving sanitation to prevent disease has contributed more to saving
human life than any advance in medical treatment.

 The ability to measure the level of substances in body fluids has made it possible
for physicians to make comparisons with normal levels, make very sophisticated
diagnoses, and monitor the effects of the treatments they prescribe.

« Itis becoming increasingly possible to manufacture chemical substances such
as insulin and hormones that are normally found in the body. They can be used
by individuals whose own bodies cannot produce the amounts required for good
health. : ‘ :

Grades 9 through 12

Students can understand some of the science that underlies the technology, such as genetics
and molecular chemistry, which make possible genetic engineering and chemical synthesis of
drugs, or radioactivity and the behavior of waves in materials, which make possible various
imaging techniques. Students can routinely use information technology to store, retrieve, and
analyze physiological and health information. They should also examine and discuss issues of
'life support and access to affordable health care. .
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Collection of data on their own vital signs can include response to exercise and schedule
changes and be done carefully and often enough to show bodily cycles in temperature and
heart rate as well as individual differences in findings that can be compared for a large group.

By the end of the 12th grade, students should know that

s Owing to the large amount of information that computers can process, they are
playing an increasingly larger role in medicine. They are used to analyze data
and to keep track of diagnostic information about individuals and statistical
information on the distribution and spread of various maladies in populations.

o+ Almost all body substances and functions have daily or longer cycles. These
cycles often need to be taken into account in interpreting normal ranges for body
‘measurements, detecting disease, and planning treatment of iliness. Computers

_a:d in detectmg, analyzing, and momtormg these cycles.

o Knowtedge of genetics is opemng whole new fields of health care. In diagnosis,
mapping of genetic instructions in cells makes it possible to detect defective
genes that may lead to poor health. In treatment, substances from genetlcally
engmeered organisms may reduce the cost and side effects of replacing missing

body chemicals.

. ln’obu)ai:ions use weakened germs (or parts of them) to stimulate the body's
immune system to react. This reaction prepares the body to fight subsequent
invasions by actual germs of that type. Some inoculations last for life.

. Kn‘bwlédge of molecular structure and interactions aids in synthesizing new
drugs and predicting their effects.

e The dmgnosrs and treatment of mental disorders are improving but not as rapidly
as for physical health. Techniques for detecting and diagnosing these disorders
include observation of behavior, in-depth interviews, and measurements of body
chemistry. Treatments range from discussing problems to affecting the brain
directly with chemicals, electric shock, or surgery.

. BibféchnolOgy has contributed to health improvement in many ways, but its cost
and application have led to a variety of controversial social and ethical issues.

Copyright © 1993 by American Association for the Advancement of Science
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National Science Education
Standards: An Overview

In a world filled with the products
of scientific inquiry, scientific liter-
‘acy has become a necessity for
everyone. Everyone needs to use
scientific information to make
choices that arise every day.
Everyone needs to be able to engage intelligently in public discourse and
debate about important issues that involve science and technology. And -
‘everyone deserves to share in the excitement and personal fulfiliment that
can come from understanding and learning about the natural world. &
‘Sc1ent1ﬁc literacy also is of increasing 1mportance in the workplace. More
and more jobs demand advanced skills, requiring that people be able to
léarn, reason, think creatively, make decisions, and solve problems. An
understanding of science and the processes of science contributes in an
essential way to these skills. Other countries are investing heavily to create

scientifically and technically literate work forces. To keep pace in global

OVERVIEW
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markets, the United States needs to have an
equally capable citizenry.

The National Science Education Standards
present a vision of a scientifically literate
populace. They outline what students need
to know, understand, and be able to do to
be scientifically literate at different grade
levels. They describe an educational system
in which all students demonstrate high lev-
els of performance, in which teachers are
empowered to make the decisions essential
for effective learning, in which interlocking
communities of teachers and students are |
focused on learning science, and in which
supportive educational programs and sys-
tems nurture achjevement. The Standards
point toward a future that is challenging but
attainable—which is why they are written in
the present tense.

The intent of the Standards can be
expressed in a single phrase: Science stan-
dards for all students. The phrase embodies
both excellence and equity. The Standards
apply to all students, regardless of age, gen-
der, cultural or ethnic background, disabili-
ties, aspirations, or interest and motivation
in science. Different students will achieve
understanding in different ways, and differ-
ent students will achieve different degrees of
depth and breadth of understanding
depending on interest, ability, and context.
But all students can develop the knowledge
and skills described in the Standards, even as
some students go well beyond these levels.

By emphasizing both excellence and equi-
ty, the Standards also highlight the need to
give students the opportunity to learn sci-
ence. Students cannot achieve high levels of
performance without access to skilled pro-
fessional teachers, adequate classroom time,

a rich array of learning materials, accommo-
dating work spaces, and the resources of the
communities surrounding their schools.
Responsibility for providing this support
falls on all those involved with the science
education system. _
Implementing the Standards will require
major changes in much of this country’s sci-

ence education. The Standards rest on the

premise’ that science is an active process.
Learning science is something that students
do, not something that is done to them.
“Hands-on” activities, while essential, are
not enough. Students must have “minds-on”
experiences as well.

The Standards call for more than “science
as process,” in which students learn such
skills as observing, inferring, and experi-
menting. Inquiry is central to science learn-
ing. When engaging in inquiry, students
describe objects and events, ask questions,
construct éxplanations, test those explana-
tions against current scientific knowledge,
and communicate their ideas to others.
They identify their assumptions, use critical
and logical thinking, and consider alterna-
tive explanations. In this way, students
actively develop their understanding of sci-
ence by combining scientific knowledge
with reasoning and thinking skills.

The importance of inquiry does not
imply that all teachers should pursue a sin-
gle approach to teaching science. Just as

" inquiry has many different facets, so teach-
ers need to use many different strategies to

develop the understandings and abilities
described in the Standards.

Nor should the Standards be seen as
requiring a specific curriculum. A curricu-
lum is the way content is organized and pre-
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sented in the classtoom. The content
embodied in the Standards can be organized
and presented with many different emphases
and perspectives in many different curricula.
Instead, the Standards provide criteria that
people at the local, state, and national levels
can use to judge whether particular actions
will serve the vision of a scientifically literate
society. They bring coordination, consistency,
and coherence to the improvement of science
education. If people take risks in the name of
improving science education, they know they
 willbe supported by policies and procedures
throughout the system. By moving the prac-
tices of extraordinary teachers and adminis-
trators to the forefront of science education,
the Standards take science education beyond
- the constraints of the present and toward a
shared vision of the future.

Hundreds of people cooperated in devel-
oping the Standards, including teachers,
school administrators, parents, curriculum
developers, college faculty and administra-
tors, scientists, engineers, and government
officials. These individuals drew heavily
upon earlier reform efforts, research into
teaching and learning, accounts of exem-
plary practice, and their own personal expe-
rience and insights. In turn, thousands of
people reviewed various drafts of the stan-
dards. That open, iterative process produced

" a broad consensus about the elements of
science education needed to permit all stu-
dents to achieve excellence.

Continuing dialogues between those who
set and implement standards at the national,
state, and local levels will ensure that the
Standards evolve to meet the needs of stu-
dents, educators, and society at large. The
National Science Education Standards should

OVERVIEW

be seen as a dynamic understanding that is
always open to review and revision.

Organization of
the Standards

After an introductory chapter and a chap-
ter giving broad principles and definitions
of terms, the National Science Education
Standards are presented in six chapters:
= Standards for science teaching
(Chapter 3).

= Standards for professional develop-
ment for teachers of science
(Chapter 4).

= Standards for assessment in science

education (Chapter 5).
= Standards for science content

(Chapter 6).
= Standards for science education pro-

grams (Chapter 7).
= Standards for science education

systems (Chapter 8).

For the vision of science education
described in the Standards to be attained,
the standards contained in all six chapters
need to be implemented. But the Standards
document has been designed so that differ-
ent people can read the standards in differ-
ent ways. Teachers, for example, might want
to read the teaching, content, and program
standards before turning to the professional
development, assessment, and systems stan-
dards. Policy makers might want to read the
system and program standards first, while
faculty of higher education might want to
read the professional development and
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teaching standards first, before turning to
the remaining standards.

Science Teaching
Standards

The science teaching standards describe
what teachers of science at all grade levels
should know and be able to do. They are
divided into six areas:

"= The planning of inquiry-based sci-

ence programs.

= The actions taken to guide and facili-

_ tate student learning.

= The assessments made of teaching
and student learning.

= The development of environments
that enable students to learn science.

= The creation of communities of sci-
ence learners. /

= The planning and development of
the school science program.

Effective teaching is at the heart of science
education, which is why the science teaching
standards are presented first. Good teachers of
science create environments in which they and
their students work together as active learners.
They have continually expanding theoretical
and practical knowledge about science, learn-
ing, and science teaching. They use assessments
of students and of their own teaching to plan
and conduct their teaching. They build strong,
sustained relationships with students that are vi
grounded in their knowledge of students’ simi-
larities and differences. And they are active as
members of science-learning communities.

In each of these areas, teachers need sup-
port from the rest of the educational system

if they are to achieve the objectives embod-
ied in the Standards. Schools, districts, local
communities, and states need to provide
teachers with the necessary resources—
including time, appropriate numbers of stu-
dents per teacher, materials, and schedules.
For teachers to design and implement new
ways of teaching and learning science; the
practices, policies, and overall culture of
most schools must change. Such reforms
cannot be accomplished on a piecemeal or
ad hoc basis.

Considerations of equity are critical in
the science teaching standards. All students
are capable of full participation and of mak-
ing meaningful contributions in science
classes. The diversity of students’ needs,
experiences, and backgrounds requires that
teachers and schools support varied, high-
quality opportunities for all students to

learn science.

Professional
Development
Standards

The professional development standards
present a vision for the development of pro-

fessional knowledge and skill among teach-

ers. They focus on four areas:

= The learning of science content
through inquiry.

= The integration of knowledge about
science with knowledge about learn-
ing, pedagogy, and students.

= The development of the understand-
ing and ability for lifelong learning.

OVERVIEW
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= The coherence and integratio'n of
professional development programs.

As envisioned by the standards, teachers
partake in development experiences appro-
priate to their status as professionals. Begin-
ning with preservice experiences and con-
tinuing as an integral part of teachers’ pro-
fessional practice, teachers have opportuni-
ties to work with master educators and
reflect on teaching practice. They learn how
students with diverse interests, abilities, and
experiences make sense of scientific ideas
and what a teacher does to support and
guide all students. They study and engage in.
research on science teaching and learning,
regularly sharing with colleagues what they
have learned. They become students of the
discipline of teaching.

Reforming science education requires
substantive changes in how science is taught,
which requires equally substantive change in
professional development practices at all lev-
els. Prospective and practicing teachers need
opportunities to become both sources of
their own growth and supporters of the
growth of others. They should be p’rojvided

"with opportunities to develop theoretical
and practical understanding and ability, not
just technical proficiencies. Professional
development activities need to be clearly and
appropriately connected to teachers’ work in
the context of the school. In this way, teach-
ers gain the knowledge, understanding, and
ability to implement the Standards.

OVERVIEW

Assessment
Standards

The assessment standards provide criteria
against which to judge the quality of assess-
ment practices. They cover five areas:
= The consistency of assessments

with the decisions they are designed

to inform.
= The assessment of both achievement

‘and opportunity to learn science.
= The match between the technical

quality of the data collected and the
consequences of the actions taken
on the basis of those data.
= The fairness of assessment practices.
= The soundness of inferences made
from assessments about student
achievement and opportunity to learn.

In the vision described by the Standards,
assessments are the primary feedback mech-
anism in the science education system. They
provide students with feedback on how well
they are meeting expectations, teachers with
feedback on how well their students are
learning, school districts with feedback on
the effectiveness of their teachers and pro-
grams, and policy makers with feedback on

how well policies are working. This feedback

in turn stimulates changes in policy, guides
the professional development of teachers,
and encourages students to improve their
understanding of science. ‘
Ideas about assessments have undergone
important changes in recent years. In the
new view, assessment and learning are two
sides of the same coin. Assessments provide
an operational definition of standards, in
that they define in measurable terms what

w



National Science Education Standards (1996) . .
http://www.nap.edu/openbook/0309053269/html/6.htmi, copyright 1996, 2000 The National Academy of Sciences, all rights reserved

teachers should teach and students should
learn. When students engage in assessments,
they should learn from those assessments.
Furthermore, assessments have become
more sophisticated and varied as they have
focused on higher-order skills. Rather than
simply checking whether students have mem-
orized certain items of information, new
assessments probe for students understand-
ing, reasoning, and use of that knowledge—
the skills that are developed through inquiry.
A particular challenge to teachers is to com-
municate to parents and policy makers the
advantages of new assessment methods.
Assessments can be done in. many differ-
ent ways. Besides conventional paper and
pencil tests, assessments might include per-
formances, portfolios, interviews, investiga-
tive reports, or written essays. They need to
be developmentally appropriate, set in con-
texts familiar to.students, and as free from
bias as possible. At the district, state, and
national levels, assessments need to involve
teachers in their design and administration,
have well-thought-out goals, and reach rep-
resentative groups to avoid sampling bias.
Assessments also need to measure the
opportunity of students to learn science.
Such assessments might measure teachers’
professional knowledge, the time available
to teach science, and the resources available
to students. Although difficult, such evalua-
tions are a critical part of the Standards.

Science Content
Standards

The science content standards outline
what students should know, understand,
and be able 1o do in the natural sciences
over the course of K-12 education. They are
divided into eight categories:
= Unifying concepts and processes
in science.

= Science as inquiry.

= Physical science.

= Life science.

= Earth and space science.

= Science and technology.

= Science in personal and
social perspective,

= History and nature of science.

The first category is presented for all
grade levels, because the understandings
and abilities associated with these concepts
need to be éleveloped throughout a student’s
educational experiences. The other seven
categories are clustered for grade levels
K-4, 5-8, and 9-12.

Each content standard states that as a
result of activities provided for all students
in those grade levels, the content of the stan-
dard is to be understood or certain abilities
are to be developed. The standards refer to
broad areas of content, such as objects in the
sky, the interdependence of organisms, or
the nature of scientific knowledge. Following
each standard is a discussion of how stu-
dents can learn that material, but these dis-
cussions are illustrative, not proscriptive.
Similarly, the discussion of each standard
concludes with a guide to the fundamental

.
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ideas that underlie that standard, but these
ideas are designed to be illustrative of the
standard, not part of the standard itself.
Because each content standard subsumes

the knowledge and skills of other standards,
they are designed to be used as a whole.

_Although material can be added to the con-
tent standards, using only a subset of the
standards will leave gaps in the scientific lit-
eracy expected of students.

Science Education
Program Standards

The science education program standards
describe the conditions necessary for quality
school science programs. They focus on six

areas:

The consistency of the science pro-
grém with the other standards and
across grade levels.

The inclusion of all content standards
in a variety of curricula that are
developmentally appropriate, inter-
esting, relevant to student’s lives,
organized around inquiry, and con-
nected with other school subjects.
The coordination of the science pro-
gram with mathematics education.
The provision of appropriate and suf-
ficient resources to ali students.

The provision of equitable opportu-
nities for all students to learn the
standards.

The development of communities
that encourage, support, and

sustain teachers.
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Program standards deal with issues at the
school and district level that relate to oppor-
tunities for students to learn and opportuni-
ties for teachers to teach science. The first
three standards address individuals and
groups responsible for the design, develop-
ment, selection, and adaptation of science
programs—including teachers, curriculum
directors, administrators, publishers, and
school committees. The last three standards
describe the conditions necessary if science
programs are to provide appropriate oppor-
tunities for all students to learn science.

Each school and district must translate
the National Science Education Standards
into a program that reflects local contexts
and policies. The program standards discuss
the planning and actions needed to provide
comprehensive and coordinated experiences
for all students across all grade levels. This
can be done in many ways, because the
Standards do not dictate the order, organiza-
tion, or framework for science programs.

Science Education
System Standards

The science education system standards
consist of criteria for judging the perfor-
mance of the overall science education sys-
tem. They consider seven areas:
= The cong rdency of policies that
~ influence science education with

the teaching, professional develop-

ment, assessment, content, and
program standards.

= The coordination of science education
policies within and across agencies,

institutions, and organizations.

= The continuity of science education
policies over time.

= The provision of resources to support
science education policies.

= The equity embodied in science
education policies.

= The possible unanticipated effects of
policies on science education.

= The responsibility of individuals to
achieve the new vision of science
education portrayed in the standards.

Schools are part of hierarchical systems
that include school districts, state school
systems, and the national education system.
Schools also are part of communities that
contain organizations that influence science
education, including colleges and universi-
ties, nature centers, parks and museums,
businesses, laboratories, community organi-
zations, and various media.

Although the school is the central institu-
tion for pﬁblic education, all parts of the
extended system have a responsibility for
improving science literacy. For example,
functions generaﬂy decided at the state (but
sometimes at the local) level include the
content of the school science curriculum,
the characteristics of the science program,
the nature of science teaching, and assess-
ment practices. These policies need to be
consistent with the vision of science educa-
tion described in the Standards for the

- vision as a whole to be realized.

Today, different parts of the education
system often work at cross purposes, result-
ing in waste and conflict. Only when most
individuals:and organizations share a com-
mon visjon can we expect true excellence in
science education to be achieved.
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Toward the
Future

Implementing the National Science
Education Standards is a large and significant
process that will extend over many years. But
through the combined and continued sup-
port of all Americans, it can be achieved.
Change will occur locally, and differences in
individuals, schools, and communities will
produce different pathways to reform, differ-
ent rates of progress, and different final
emphases. Nevertheless, with the common
vision of the Standards, we can expect delib--
erate movement over time, leading to reform

that is pervasive and permanent.

No one group can implement the
Standards. The challenge extends to every-
one within the education system, including

teachers, administrators, science teacher
educators, curriculum designers, assessment
specialists, local school boards, state depart-
ments of education, and the federal govern-
ment. It also extends to all those outside the
system who have an influence on science
education, including students, parents, sci-

* entists, engineers, businesspeople, taxpayers,

legislators, and other public officials. All of
these individuals have unique and comple-
mentary roles to play in improving the edu-
cation that we provide to our children.
Efforts to achieve the vision of science
education set forth in the Standards will be
time-consuming, expensive, and sometimes

uncomfortable. They also will be exhilarat-
ing and deeply rewarding. Above all, the

great potential benefit to students requires

that we act now. There is no more impor-
tant task before us as a nation.

0
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PHYSICAL SCIENCE, LIFE SCIENCE,
AND EARTH AND SPACE SCIENCE
STANDARDS

The standards for physical science, life sci-
ence, and earth and space science describe
the subject matter of science using three
widely accepted divisions of the domain of
science. Science subject matter focuses on
the science facts, concepts, principles, theo-
ries, and models that are important for all
students to know, understand, and use.
Tables 6.2, 6.3, and 6.4 are the standards for
physical science, life science, and earth and
space science, respectively.

TABLE 6.2.

SCIENCE AND TECHNOLOGY
STANDARDS

The science and technology standards in
Table 6.5 establish connections between the
natural and designed worlds and provide stu-
dents with opportunities to develop
decision-making abilities. They are not stan-
dards for technology education; rather, these
standards emphasize abilities associated with
the process of design and fundamental
understandings about the enterprise of sci-
ence and its various linkages with technology.

As a complement to the abilities devel-
oped in the science as inquiry standards,

PHYSICAL SCIENCE STANDARDS

6.3. LIFE SCIENCE STANDARDS
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these standards call for students to develop
 abilities to identify and state a problem,
design a solution—including a cost and
risk-and-benefit analysis—implement a
solution, and evaluate the solution.

Science as inquiry is parallel to technolo-
gy as design. Both standards emphasize stu-
dent development of abilities and under-
standing. Connections to other domains,
such as mathematics, are clarified in
Chapter 7, Program Standards.

SCIENCE IN PERSONAL AND SOCIAL
PERSPECTIVES STANDARDS

An important purpose of science educa-
tion is to give students a means to under-
stand and act on personal and social issues.
The science in personal and social perspec-

tives standards help students develop

* decision-making skills. Understandings

associated with the concepts in Table 6.6
give students a foundation on which to
base decisions they will face as citizens.

HISTORY AND NATURE OF SCIENCE
STANDARDS

In learning science, students need to
understand that science reflects’its history
and is an ongoing, changing enterprise. The
standards for the history and nature of sci-
ence recommend the use of history in school
science programs to clarify different aspects
of scientific inquiry, the human aspects of
science, and the role that science has played
in the development of various cultures. Table
6.7 provides an overview of this standard.

TABLE 6.4. EARTH AND SPACE SCIENCE STANDARDS

TABLE 6.5. SCIENCE

3
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Science and
Technology

CONTENT STANDARD E:

As a result of activities in grades
K-4, all students should develop
‘= Abilities of technological design

= Understanding about science

and technology

= Abilities to distinguish between
natural objects and objects made
by humans

DEVELOPING STUDENT ABILITIES
AND UNDERSTANDING

The science and technology standards
connect students to the designed world,
offer them experience in making models of
useful things, and introduce them to laws of
nature through their understanding of how

* technological objects and systems work.

This standard emphasizes developing the
ability to design a solutjon to a problem and
understanding the relatiOnship of science
and technology and the way people are
involved in both. This standard helps estab-
lish design as the technological parallel to
inquiry in science. Like the science as inquiry
standard, this standard begins the under-
standing of the design process, as well as the
ability to solve simple design problems.

Children in grades K-4 understand and
can carry out design activities earlier than
tHey can inquiry activities, but they cannot
easily tell the difference between the two,
nor is it important whether they can. In
grades K-4, children should have a variety of
educational experiences that involve science
and technology, sometimes in the same
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activity and other times separately. When
the activities are informal and open, such as
building a balance and comparing the
weight of objects on i, it is difficult to sepa-
rate inquiry from technological design. At
other times, the distinction might be clear
to adults but:not to children.

Children’s abilities in technological prob-
lem solving can be developed by firsthand
experience in tackling tasks with a techno-
logical purpose. They also can study techno-
logical products and systems in their
world—zippers, coat hooks, can openers,
bridges, and automobiles. Children can
éngage in projects that are appropriately
challenging for their developmental level—
ones in which they must design a way to
fasten, move, or communicate. They can
study existing products to determine func-
tion and try to identify problems solved,
materials used, and how well a product does
what it is supposed to do. An old technolog-
ical device, such as an apple peeler, can be
used as a mystery object for students to
investigate and figure out what it does, how
it helps people, and what problems it might
solve and cause. Such activities provide
excellent opportunities to direct attention to
specific technology—the tools and instru-
ments used in science.

Suitable tasks for children at this age
should have clearly defined purposes and be

~ related with the other content standards.

Tasks should be conducted within immedi-
ately familiar contexts of the home and
school. They should be straightforward;
there should be only one or two well-
defined ways to solve the problem, and there
should be a single, well-defined criterion for
success. Any construction of objects should
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Weather Instruments

Titles in this example emphasize some impor-
tant components of the assessment process.
Superficially, this assessment task is a simple
matching rask, but the teacher’s professional
judgment is still key. For example, is the term
“wind gauge” most appropriate or should the
more technical term “anemometer” be used?
The teacher needs to decide if the use of either
term places some students at a disadvantage.
Teacher planning includes collecting pictures .
of weather instruments and ensuring that all
students have equal opportunity to study
them. A teacher who uses this assessment task
recognizes that all assessments have strengths
and weaknesses; this task is appropriate for
one purpose, and other modes of assessment
are appropriate for other purposes. This
assessment task presupposes that students
have developed some understanding of weath-
er, technology, changing patterns in the envi-
ronment, and the roles science and technology
have in society. The reacher examines the pat-
terns in the responses to evaluate the individ-
ual student responses.

[This example highlights some elements of
Teaching Standards A, C, and D; Assessment
Standards A, B, and D; and K-4 Content
Standards D, E, and F.]

SCIENCE CONTENT: The K-4 content
standard for earth science is supported by
the fundamental concept that weather can
be described in measurable quantities.

ASSESSMENT ACTIVITY: Students match

. pictures of instruments used to measure

weather conditions with the condition the
instrument measures.

ASSESSMENT TYPE: Individual, short-
answer responses 10 matching item format.

DATA: Students’ responses.

The National Academy of Sciences, all rights reserved

ASSESSMENT PURPOSE: When used in
conjunction with other data, this assessment
activity provides information to be used in
assigning a grade.

CONTEXT: This assessment activity is
appropriate at the end of a unit on the
weather in grades 3 or 4.

ASSESSMENT EXERCISE:

Match pictures of the following weather
instruments with the weather condition
they measure:

1. Thermometers of various types, includ-
ing liquid-expansion thermometers,
metal-expansion thermometers and digi-
tal-electronic thermometers—used to
measure temperature.

. Barometers of various tvpes, including
aneroid and mercury types—used to
measure air pressure. ’

3. Weather vanes—used to measure wind

direction.

4. Wind gauges of various sorts—instru-

ments to measure windspeed or velocity.

5. Hygrometers of various sorts—to mea-

[}

sure moisture in the air.
6. Rain gauges of various sorts—used to
measure depth of precipitation.

EVALUATING STUDENT PERFORMANCE:

EXEMPLARY PERFORMANCE: Student matches
all instruments with their use.

AVERAGE PERFORMANCE: Student matches
familiar forms of measuring instruments
with their uses. A student might mistakenly
say that the thermometer measures heat or
might not understand the concepts of air
pressure or humidity. Students at this age
cannot be expected to develop sophisticated
understanding of the concepts of air pres-
sure, humidity, heat, temperature, speed, or
velocity.

CONTENT STANDARD: K-4

0
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require developmentally appropriate manip-
ulative skills used in elementary school and
should not require time-consuming prepa-
ration and assembly.

Over the course of grades K-4, student
investigations and design probléms should
incorporate more than one material and
several contexts in science and technology.
A suitable collection of tasks might include
making a device to shade eyes from the sun,
making yogurt and discussing how it is
made, comparing two types of string to see
which is best for lifting different objects,
exploring how small potted plants can be
made to grow as quickly as possible, design-
ing a simple system to hold two objects
together, testing the strength of different
materials, using simple tools, testing differ-
ent designs, and constructing a simple
structure. It is important also to include
design problems that require application of
ideas, use of communications, and imple-
mentation of procedures—for instance,
improving hall traffic at lunch and cleaning
the classroom after scientific investigations.

Experiences should be complemented by
study of familiar and Siﬁaple objects through
which students can develop observation and
analysis skills. By comparing one or two
obvious properties, such as cost and
strength of two types of adhesive tape, for
example, students can develop the abilities
to judge a product’s worth against its ability
to solve a problem. During the K-4 years, an
appropriate balance of products could come
from the categories of clothing, food, and
common domestic and school hardware.

A sequence of five stages—stating the
problem, designing an approach, imple-
menting a solution, evaluating the solution,
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and communicating the problem, design,
and solution—provides a framework for
planning and for specifying learning out-
comes. However, not every activity will
involve all of those stages, nor must any par-
ticular sequence of stages be followed. For
example, some activities might begin by
identifying a need and progressing through
the stages; other activities might involve
only evaluating existing products.

GUIDE TO THE CONTENT STANDARD

Fundamental abilities and concepts
that underlie this standard include

ABILITIES OF TECHNOLOGICAL
DESIGN

IDENTIFY A SIMPLE PROBLEM. In
problem identification, children should
develop the ability to explain a problem in
their own words and identify a specific task
and solution related to the problem.

PROPOSE A SOLUTION. Students should
make proposals to build something or get
something to work better; they should be
able to describe and communicate their
ideas. Students should recognize that
designing a solution might have constraints,
such as cost, materials, time, space, or safety.

IMPLEMENTING PROPOSED SOLUTIONS.

Children should develop abilities to work
individually and collaboratively and to use
suitable tools, techniques, and quantitative
measurements when appropriate. Students
should demonstrate the ability to balance sim-
ple Constraints in problem solving. -

EVALUATE A PRODUCT OR DESIGN.
Students should evaluate their own results
or solutions to problems, as well as those of

See Content
Standard A
(gradesK-4)
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other children, by considering how well a
product or design met the challenge to solve
a problem. When possible, students should
use measurements and include constraints

and other criteria in their evaluations. They

should modify designs based on the results
of evaluations.

COMMUNICATE A PROBLEM, DESIGN,
AND SOLUTION. Student abilities should
include oral, written, and pictorial commu-
nication of the design process and product.
The communication might be show and tell,
group discussions, short written reports, or
pictures, depending on the students’ abilities
and the design project.

UNDERSTANDING ABOUT SCIENCE

AND TECHNOLOGY

= People have always had questions about
their world. Science is one way of
answering questions and explaining the
natural world.

= People have always had problems and »
invented tools and techniques (ways of
doing something) to solve problems.
Trying to determine the effects of solutions
helps people avoid some new problems.

= Scientists and engineers often work in
teams with different individuals doing
different things that contribute to the
results. This understanding focuses pri-
marily on teams working together and
secondarily, on the combination of scien-

tist and engineer teams.

= ‘Women and men of all ages, back-

grounds, and groups engage in a variety
of scientific and technological work.

= Tools help scientists make better observa-
tions, measurements, and equipment for
investigations. They help scientists see,

measure, and do things that they could
not otherwise see, measure, and do.

ABILITIES TO DISTINGUISH

BETWEEN NATURAL OBJECTS AND

OBJECTS MADE BY HUMANS

= Some objects occur in nature; others
have been designed and made by people
to solve human problems and enhance
the quality of life.

- Objects can be categorized into two
groups, natural and designed.

Science in Personal
and Social
Perspectives

CONTENT STANDARD F:
As a result of activities in grades
K-4, all students should develop
understanding of
= Personal health
= Characteristics and changes
in populations
= Types of resources
= Changes in environments
= Science and technology in
local challenges

DEVELOPING STUDENT
UNDERSTANDING

Students in elementary school should have
a variety of experiences that provide initial
understandings for various science-related
personal and societal challenges. Central
ideas related to health, populations,
resources, and environments provide the
foundations for students’ eventual under-
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= Gravity is the force that keeps planets in
orbit around the sun and governs the rest
of the motion in the solar system. Gravity
alone holds us to the earth’s surface and
explains the phenomena of the tides.

= The sun is the major source of energy for
phenomena on the earth’s surface, such
as growth of plants, winds, ocean cur-
rents, and the water cycle. Seasons result
from variations in the amount of the
sun’s energy hitting the surface, due to
the tilt of the earth’s rotation on its axis
and the length of the day.

Science and
Technology

CONTENT STANDARD E:
As a result of activities in grades
5-8, all students should develop
= Abilities of technological design
= Understandings about science

and technology ‘

DEVELOPING STUDENT ABILITIES
AND UNDERSTANDING

Students in grades 5-8 can begin to dif-
ferentiate between science and technology,
although the distinction is not easy to make

early in this level. One basis for understand-

ing the similarities, differences, and relation-
ships between science and technology
should be experiences with design and
problem solving in which students can fur-
ther develop some of the abilities intro-
duced in grades K-4. The understanding of
technology can be developed by tasks in
which students have to design something

and also by studying technological products
and systems.
In the middle-school years, students’

~ work with scientific investigations can be

complemented by activities in which the
purpose is to meet a human need, solve a

In the middle-school years, students’
work with scientific investigations can
be complemented by activities that are
meant to meet a human need, solve a
human problem, or develop a product. ..

human problem, or develop a product
rather than to explore ideas about the nat-
ural world. The tasks chosen should involve
the use of science concepts already familiar
to students or should motivate them to
learn new concepts needed to use or under-
stand the technology. Students should also,
through the experience of trying to meet a
peed in the best possible way, begin to
appreciate that technological design and
problem solving involve many other factors
besides the scientific issues.

Suitable design tasks for students at these
grades should be well-defined, so that the
purposes of the tasks are not confusing.
Tasks should be based on contexts that are
immediately familiar in the homes, school,
and immediate community of the students.
The activities should be straightforward
with only a few well-defined ways to solve

" the problems involved. The criteria for suc-

cess and the constraints for design should
be limited. Only one or two science ideas
should be involved in any particular task.
Any construction involved should be readily

-
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The Egg Drop

This rich ecample mcludesboth adescrqmon of
reaching.and an assessiment task. Mr. S hasstu-

dattsmgagemaﬁllldeszgnamvny desigrﬁng

from breaking when dropped. The tec}mology

. activity was preceded by a.stience upit onforce
and motion so thatswdemswa'eabletowe
"ﬂwwuudasmdmgofsammmedmgn

pmcesaHehascareﬁdchonszderedcammeraally
prepamdverszonsoﬁ?usactmzybutmodiﬁed

" the meeds of the studems.. Bl hasconsideved .
" safety of the students. Thé use of the videotape of

fbrmastudmts not orzly prowdes a Iocal cemmct

n@tﬁanng&ewmd%emmtbewm -
br&kaaé&enewsemestemhe m&emsﬁaé,
foeuse&onﬁzesunﬂammand&xfferences

' betiveen: saenceznd tedmologv;m thebegxm

ningiof theSecond semester hie stidents had
conipleted activities:and éngaged in discuss’ .
sions untit they.demonstrated 4n adéquate- -
undeérstanding of force, motion, gravity.and.
acceleration. Now. it- was time fo Bring:the' - -
knowdedge of science principlésto:a. design. -
problem. The problem was to design a con-
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tainer that could be.dropped from the se¢ond
floor balcony without breaking the egg. -
Some variation oﬁtﬁéeggdfoy activity
was found in just about every middle school
science book that Mr: S:had ever seén.But
over the years-he had come to-kiow what -
worked and:what didn’t; whereto anticipate
the students world have:difficulties; and:just
how to phrase:questions-and ¢hallenges the
studerits.could resporid to-without bemg
overwhelmed: He hdd developed some -
aspects.of: the unit that were special to him
and to the studems in'Bélle Ve Middle
School. He knew when he introduced the
idea thazatiastonesmdentwouldhaveam

shape,mmemi, and bpstinction oﬁﬁzese';ﬁ:‘:a.:
iterrss. Finally hzwoui&ﬁd}thcswdm the .
constraints: tearns would be miadevip: yof &zree
studcntseach‘ shaterials would: beinmted 0.
the Ssuff’ available on'the work table; tearps
would have to-show him a sketch:before.they.
began building their contaifier; they would . -
haveto:conduct atleast two trials with their

container-:onewitha plastic egg'and ofie -
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thzdassonemmg‘{hegrouphadieamed tohavempu}achswmeamtheameu ’
fromthe video and discussion.. - .. .- tookfortheeggto drop-The studémts would
Wednesdayworaldbeanmtense dayas stu- - want 16 determine where the egg should be. -
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argued, had plans approved, collected materials, - always heated arguments about whether thie
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starting line was from the arm of the dropper
or from some point on the container. They

. would need someone 1o call “Drop!”

Wednesday would be the day of the egg
drop. Thursday, the class would begin by meet-
ing in their small groups to discuss what
worked, what didn’t, why, and what they would
do differently if they were to do the egg drop
design experiment again. Then they would dis-
cuss these same ideas as 2 whole class.

Friday, the students would fill the board
with characteristics of good design proce-
dures. Then they would write and sketch in
their notebooks these characteristics and
what each had learned from the egg drop
activity. He knew from experience that the
egg drop would be an engaging activity.

The “header titles” emphasize some impor-
tant components of the assessment process.

SCIENCE CONTENT: The Content
Standards for Science and Technology for
students in Grades 5-8 call for them to
understand and be able to solve a problem
by using design principles. These include the
ability to design a product; evaluate techno-
logical products; and communicate the
process of technological design.

ASSESSMENT ACTIVITY: Following the egg

drop activity, students each prepare a report on

one thing they propose in order to improve
their team’s container and how they would test

‘the effectiveness of their improvement.

ASSESSMENT TYPE: Individual. embed-
ded in teaching. '

ASSESSMENT PURPOSE: The teacher will
use the information to assess student under-
standing of the process of design and for
assigning a grade.

6
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DATA: A report, written, sketched, or both,
in which students describe an improvement
to the container, the anticipated gains and
losses from the improvement, and how they
would propose to test the new container.

CONTEXT: The egg drop activity allows
students the opportunity to bring scientific
principles and creativity to 2 problem, while

. developing the skills of technology and hav-

ing a good time. However, the excitement of
the activity can overshadow the intended
outcome of developing understanding and
abilities of technological design. This assess-
ment activity provides the opportunity for
students to reflect on what they’have experi-
enced and articulate what they have come to
understand. The activity comes after the
design of an original container, the testing of
that container, a class discussion on what
worked and why, what didn’t work and why,
what they would do differently next time,
and an opportunity to make notes in a per-
sonal journal for science class.

EVALUATING STUDENT PERFORMANCE:
Student progress in understanding and doing
design can be evaluated by comparing the
student responses in the reports with the list
generéted by previous classes. The astute
teacher will have made sure that the list
included constraints such as cost, time, mate-
rials, and trade-offs. Criteria for a quality -
report might also include how well the stu-
dent has differentiated between the design
and its evaluation. The teacher might also
consider the clarity of expression, as well as
alternate ways used to present the informa-
ton, such as drawings.

CONTENT STANDARDS: 5-8
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accomplished by the students and should
not involve lengthy learning of new physical
skills or time-consuming preparation and
assembly operations.

During the middle-school years, the
design tasks should cover a range of needs,
materials, and aspects of science. Suitable
experiences could include making electrical
circuits for a warning device, designing a
meal to meet nutritional criteria, choosing a
material to combine strength with insula-
tion, selecting plants for an area of a school,
or designing a system to move dishes in a
restaurant or in a production line.

Such work should be complemented by
the study of technology in the students’
everyday world. This could be achieved by
investigating simple, familiar objects through
which students can develop powers of obser-
vation and analysis—for example, by com-
paring the various characteristics of compet-
ing consumer products, including cost, con-
venience, durability, and suitability for dif-
ferent modes of use. Regardless of the prod-
uct used, students need to understand the
science behind it. There should be a balance
over the years, with the products studied
coming from the areas of clothing, food,
structures, and simple mechanical and elec-
trical devices. The inclusion of some non-
product-oriented problems is important to
help students understand that technological
solutions include the design of systems and
can involve communication, ideas, and rules.

The principles of design for grades 5-8
do not change from grades K-4. But the
complexity of the problems addressed
and the extended ways the principles are
applied do change.

6 CONTENT STANDARDS:

ional Academy of Sciences, all rights reserved

* GUIDE TO THE CONTENT STANDARD

-1}

Fundamental abilities and concepts
that underlie this standard include

ABILITIES OF TECHNOLOGICAL
DESIGN

IDENTIFY APPROPRIATE PROBLEMS
FOR TECHNOLOGICAL DESIGN. Students
should develop their abilities by identifying
a specified need, considering its various
aspects, and talking to different potential
users or beneficiaries. They should appreci-
ate that for some needs, the cultural back-
grounds and beliefs of different groups can
affect the criteria for a suitable product.

DESIGN A SOLUTION OR PRODUCT.
Students should make and compare differ-
ent proposals in the light of the criteria they
have selected. They must consider con-
straints—such as cost, time, trade-offs, and
materials needed—and communicate ideas
with drawings and simple models.

IMPLEMENT A PROPOSED DESIGN.
Students should organize materials and
other resources, plan their work, make good
use of group collaboration where appropri-
ate, choose suitable tools and techniques,
and work with appropriate measurement
methods to ensure adequate accuracy.

EVALUATE COMPLETED TECHNOLOGICAL
DESIGNS OR PRODUCTS. Students should

use criteria relevant to the original purpose

or need, consider a variety of factors that
might affect acceptability and suitability for
intended users or beneficiaries, and develop
measures of quality with respect to such
criteria and factors; they should also suggest

See Content
Standard A
(grades 5-8)
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StandardsA,F, &G
(grades 5-8)
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improvements and, for their own products,
try proposed modifications.

COMMUNICATE THE PROCESS OF
TECHNOLOGICAL DESIGN. Students
should review and describe any completed
piece of work and identify the stages of
problem identification, solution design,
implementation, and evaluation.

UNDERSTANDINGS ABOUT SCIENCE

.AND TECHNOLOGY

= Scientifi¢ inquiry and technological
design have similarities and differences.
Scientists propose explanations for ques-
tions about the natural world, and engi-
neers propose solutions relating to
human problems, needs, and aspirations.
Technological solutions are temporary;
technologies exist within nature and so
they cannot contravene physical or bio-
logical principles; technological solu-
tions have side effects; and technologies
cost, carry risks, and provide benefits.

= Many different people in different cul-
tures have made and continue to make
contributions to science and technology.

=" Science and technology are reciprocal.
Science helps drive technology, as it
addresses qﬁestions that demand more
sophisticated instruments and provides
principles for better instrumentation
and technique. Technology is essential
to science, because it provides instru-
ments and techniques that enable obser-
vations of objects and phenomena that
are otherwise unobservable due to fac-
tors such as quantity, distance, location,
size, and speed. Technology also pro-
vides tools for investigations, inquiry,
and analysis. '

The National Academy of Sciences, all rights reserved

Perfectly designed solutions do not exist.
All technological solutions have trade-
offs, such as safety, cost, efficiency, and
appearance. Engineers often build in
back-up systems to provide safety. Risk
is part of living in a highly technological
world. Reducing risk often results in new
technology.

Technological designs have constraints.
Some constraints are unavoidable, for
example, properties of materials, or
effects of weather and friction; other
constraints limit choices in the design,
for example, environmental protection,
human safety, and aesthetics.
Technological solutions have intended
benefits and unintended consequences.
Some consequences can be predicted,
others cannot.

Science in Personal
and Social
Perspectives

CONTENT STANDARD F:
As a result of activities in grades
5-8, all students should develop

‘understanding of

Personal health

Populations, resources, and
environments

Natural hazards

Risks and benefits

Science and technology in society

CONTENT STANDARDS: 5-8
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See Content
Standard A
(grades 9-12)

the earth system. We can observe some
changes such as earthquakes and vol-
canic eruptions on a human time scale,
but many processes such as mountain
building and plate movements take place
over hundreds of millions of years.
Evidence for one-celled forms of life—
the bacteria—extends back more than
3.5 billion years. The evolution of life
caused dramatic changes in the compo-
sition of the earth’s atmosphere, which
did not originally contain oxygen.

THE ORIGIN AND EVOLUTION OF
THE UNIVERSE

The origin of the universe remains one
of the greatest questions in science. The
“big bing” theory places the origin
between 10 and 20 billion years ago,
when the universe began in a hot dense
state; according to this theory, the uni-
verse has been expanding ever since.
Early in the history of the universe, mat-
ter, primarily the light atoms hydrogen
and helium, clumped together by gravi-
tational attraction to form countless tril-
lions of stars. Billions of galaxies, each of
which is a gravitationally Bour;d cluster
of billions of stars, now form most of
the visible mass in the universe.

Stars produce energy from nuclear reac-
tions, primarily the fusion of hydrogen
to form helium. These and other.
processes in stars have led to the forma-
tion of 4ll the other elements.

-]}

Science and
Technology

CONTENT STANDARD E:
As a result of activities in grades
9-12, all students should develop
= Abilities of technological design
= Understandings about science

and technology

DEVELOPING STUDENT ABILITIES

AND UNDERSTANDING

This standard has two equally important
parts—developing students’ abilities of tech-
nological design and developing students’
understanding about science and technolo-
gy. Although these are science education
standards, the relationship between science
and technology is so close that any presenta-
tion of science without developing an
understanding of technology would portray
an inaccurate picture of science.

In the course of solving any problem
where students try to meet certain criteria
within constraints, they will find that the
ideas and methods of science that they know,
or can learn, can be powerful aids. Students
also find that they need to call on other
sources of knowledge and skill, such as cost,
risk, and benefit analysis, and aspects of criti
cal thinking and creativity. Learning experi-
ences associated with this standard should
include examples of tecfmological achieve-
ment in which science has played a part and
examples where technological advances con-
tributed directly to scientific progress.

Students can understand and use the
design model outlined in this standard.
Students respond positively to the concrete,
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practical, outcome orientation of design
problems before they are able to engage in
the abstract, theoretical nature of many sci-
entific inquiries. In general, high school stu-
dents do not distinguish between the roles
of science and technology. Helping them do
so is implied by this standard. This lack of
distinction between science and technology

is further confused by students’ positive per-

ceptions of science, as when they associate it
with medical research and use the common
phrase “scientific progress.” However, their
association of technology is often with envi-
ronmental problems and another common
phrase, “technological problems.” With
regard to the connection between science
and technology, students as well as many
adults and teachers of science indicate a
belief that science influences technology.
This belief is captured by the common and
only partially accurate definition “technolo-
gy is applied science.” Few students under-
stand that technology influences science.
Unraveling these misconceptions of science
and technology and developing accurate
concepts of the role, place, limits, possibili-
ties and relationships of science and tech-
nology is the challenge of this standard.
The choice of design tasks and related
learning activities is an important and diffi-
cult part of addressing this standard. In
choosing technological learning activities,
teachers of science will have to bear in mind
some important issues. For example, whether
to involve students in a full or partial design
problem; or whether to engage them in
meeting a need through technology or in
studying the technological work of others.
Another issue is how to select a task that
brings out the various ways in which science

6 CONTENT STANDARDS: ¥

12

and technology interact, providing a basis for
reflection on the nature of technology while
learning the science concepts involved.

In grades 9-12, design tasks should
explore a range of contexts including both
those immediately familiar in the homes,
school, and community of the students and
those from wider regional, national, or glob-
al contexts. The tasks should promote dif-
ferent ways to tackle the problems so that
different design solutions can be imple-
mented by different students. Successful
completion of design problems requires that
the students meet criteria while addressing
conflicting constraints. Where constructions
are involved, these might draw on technical
skills and understahdings developed within
the science program, technical and craft
skills developed in other school work, or
require developing new skills.

Over the high school years, the tasks
should cover a range of needs, of materials,
and of different aspects of science. For
example, a suitable design problem could
include assembling electronic components
to control a sequence of operations or ana-
lyzing the features of different athletic shoes
to see the criteria and constraints imposed
by the sport, human anatomy, and materi-
als. Some tasks should involve science ideas
drawn from more than one field of science.
These can be complex, for example, a
machine that incorporates both mechanical
and electrical control systems.

Although some experiences in science

" and technology will emiphasize solving

problems and meeting needs by focusing on
products, experience also should include
problems about system design, cost, risk,
benefit, and very importantly, tradeoffs.
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Because this study of technology occurs
within science courses, the number of these
activities must be limited. Details specified
in this standard are criteria to ensure quali-
ty and balance in a small number of tasks
and are not meant to require a large num-
ber of such activities. Many abilities and
understandings of this standard can be
developed as part of activities designed for
other content standards.

GUIDE TO THE CONTENT STANDARD

Fundamental abilities and concepts
that underlie this standard include

ABILITIES OF TECHNOLOGICAL
DESIGN

IDENTIFY A PROBLEM OR DESIGN AN
OPPORTUNITY. Students should be able to
identify new problems or needs and to change
and improve current technological designs.

PROPOSE DESIGNS AND CHOOSE
BETWEEN ALTERNATIVE SOLUTIONS,
Students should demonstrate thoughtful plan-
ning for a piece of technology or technique.
Students should be introduced to the roles of
models and simulations in these processes.

IMPLEMENT A PROPOSED SOLUTION.
A variety of skills can be needed in propos-
ing a solution depending on the type of
technology that is involved. The constriic-
tion of artifacts can require the skills of cut-
ting, shaping, treating, and joining common
materials—such as wood, metal, plastics,
and textiles. Solutions can also be imple-
mented using computer software.

EVALUATE THE SOLUTION AND ITS
CONSEQUENCES. Students should test any
solution against the needs and criteria it was

-]}

designed to meet. At this stage, new criteria
not originally considered may be reviewed.

COMMUNICATE THE PROBLEM,
PROCESS, AND SOLUTION. Students
should present their results to students, teach-
ers, and others in a variety of ways, such as
orally, in writing, and in other forms—includ-
ing models, diagrams, and demonstrations.

UNDERSTANDINGS ABOUT SCi-

ENCE AND TECHNOLOGY

= Scientists in different disciplines ask dif-
ferent questions, use different method; of
investigation, and accept different types
of evidence to support their explanations.
Many scientific investigations require the
contributions of individuals from differ-
ent disciplines, including engineering.
New disciplines of science, such as geo-
physics and biochemistry often emerge at
the interface of two older disciplines.

= Science often advances with the intro-
duction of new technologies. Solving
technological problems often results in
new scientific knowledge. New technolo-
gies often extend the current levels of sci-
entific understanding and introduce new
areas of research.

= Creativity, imagination, and a good
knowledge base are all required in the
work of science and engineering.

= Science and technology are pursued for
different purposes. Scientific inquiry is
driven by the desire to understand the
natural world, and technological design is
driven by the need to meet human needs
and solve human problems. Technology,
by its nature, has a more direct effect on
society than science because its purpose is
to solve human problems, help humans
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adapt, and fulfill human aspirations.
Technological solutions may create new
problems. Science, by its nature, answers
questions that may or may not directly
influence humans. Sometimes scientific
advances challenge people’s beliefs and
practical explanations concerning various

aspects of the world.

= Technological knowledge is often not made
public because of patents and the financial
potential of the idea or invention. Scientific
knowledge is made public through presen-
tations at professional meetings and publi-
cations in scientific journals.

Science in Personal
and Social
Perspectives

CONTENT STANDARD F:

As a result of activities in grades

9-12, all students should develop

understanding of

= Personal and community health -

= Population growth

= Natural resources

= Environmental quality

= Natural and human-induced hazards

= Science and technology in local,
national, and global challenges

DEVELOPING STUDENT
UNDERSTANDING

The organizing principles for this stan-
dard do not identify specifi¢ personal and
societal challenges, rather they form a set of
conceptual organizers, fundamental under-
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standings, and implied actions for most con-
temporary issues. The organizing principles
apply to local as well as global phenomena
and represent challenges that occur on scales
that vary from quite short—for example,
natural hazards—to very long—for example,
the potential result of global changes.

By grades 9-12, many students havea
fairly sound understanding of the overall -
functioning of some human systems, such

The organizing principles apply to
local as well as global phenomena.

as the digestive, respiratory, and circulatory
systems. They might not have a clear under-
standing of others, such as the human ner-
vous, endocrine, and immune systems.
Therefore, students may have difficulty with
specific mechanisms and processes related
to health issues.

Most high school students have a concept
of pbpulations of organisms, but they have a
poorly developed understanding of the rela-
tionships among populations within a com-
munity and connections between popula-
tions and other ideas such as competition
for resources. Few students understand and
apply the idea of interdependence when
considering interactions among popula-
tions, environments, and resources. If, for
example, students are asked about the size
of populations and why some populations

- would be larger, they often simply describe

rather than reason about interdependence
or energy flow. 4

Students may exhibit a general idea of
cycling matter in ecosystems, but they may
center on short chains of the cyclical process
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I am very pleased and honored to have this opportunity to speak to you today, about the effects of the
educational reform movement on science education in this country.

My name is Stan Metzenberg, and I'm an Assistant Professor of Biology at California State University
Northridge. The university is located in the San Fernando Valley, and draws its student population from
the greater Los Angeles area. We have a state mandate to accept the top third of graduating high school
seniors, but within that population of entering freshmen we find that two thirds are in need of immediate
remedial education in mathematics or English. I have the dubious distinction of being at a second-tier
institution that is taking in some of the worst-prepared students in California; a state that has nearly the
worst-prepared students in the United States; a nation that has nearly the worst-prepared students in the

world.

Despite the lack of college-preparedness of our typical freshman, California State University Northridge
is successful in providing students with an exceptional education. I am also a laboratory scientist, as
well as an educator, and my students and I conduct NIH-supported research in molecular parasitology.
Thanks to the largesse of the NIH and the NSF, many non-Ph.D.-granting institutions are similarly able
to bring undergraduate students into the laboratory to conduct basic research.

I became interested in K-12 education, in part because of the appalling lack of college-preparedness of
students graduating from the Los Angeles Unified School District. For the past six months, I have
served as a consultant to a California Commission developing academic content standards in science.
Dr. Glenn T. Seaborg is Chair of the Science Committee for the Academic Standards Commission, and
has a long and distinguished career as both a scientist and advocate for improving K-12 education.

While assisting the Commission in the preparation of the California Science Standards, I became
immersed in The National Science Education Standards, and the AAAS Benchmarks for Science
Literacy. These two documents are of extraordinary importance to your hearings today, as they serve as
the philosophical basis or cornerstone for the NSF Systemic Initiatives.

The message I bring to you today is that the NSF has chosen the wrong path in endorsing these
documents. They have set a standard of achievement for students that is shockingly low, and federal
funding is helping to create an entire generation of scientific illiterates. The often quoted adage Less is .
More brings little comfort. As any thinking person knows, and as the facts demonstrate, less is not more
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- it's less!

It is often said erroneously, that the AAAS Benchmarks and National Science Education Standards
represent the widespread consensus of scientists and educators as to what all high school graduates need,
to achieve reasonable literacy in science. In fact, there is not consensus. Although there are some well-
meaning scientists who stand behind these documents, the documents were primarily written by
education specialists rather than scientists, and the sentiment of most scientists has been one of
indifference rather than consensus. Given that only about a fifth of our research grant applications are
funded, there should be no surprise that scientists only grudgingly commit time to activities outside of
the lab.

In addition to this misleading use of the word consensus, it is also said with some frequency that the
National Science Education Standards and AAAS Benchmarks are based on scholarly research on how
students learn, and what is developmentally appropriate for all students to learn at a given age. In the
National Science Education Standards (p. 110) for example, it is stated that there exists an obligation to
develop content standards that appropriately represent the developmental and learning abilities of
students. The prevailing philosophy among education specialists is that a teacher does harm to students
by introducing material that is not developmentally appropriate. I have undertaken a study of the
literature cited in the AAAS Benchmarks to ask what is the research on learning abilities of students,
and is it applicable to our students?

~'What Fhave found is quite disturbing. The National Science Education Standards and AAAS
Benchmarks are based on the flimsiest excuse for research that I have ever encountered. Fewer than half
of the papers covering student learning in physical, earth, and life sciences are in peer-reviewed
publications. In fact quite a few of the references are to unpublished talks that were presented at
education meetings. This is certainly the lowest form of review, since you and I can't read what was said
or even know if the audience clapped politely after the speaker had finished. There are numerous
instances where the AAAS Benchmarks misstate the methodology or findings in a paper, claiming that
the study was performed on high school students for example, when the paper indicates it was
performed on college students.

Most of the peer-reviewed research was not done in the United States at all, but rather in countries such
as England, Australia, Germany, and Israel. The AAAS Benchmarks and National Science Education
Standards make a tremendous leap of faith in assuming that children in different countries have similar
learning stages. Many of the cited papers represent studies conducted on small numbers of students, on
the order of 30 to 100, who in many cases were not chosen randomly from an age cohort. It is often the
case that the very conclusions of the paper hinge on the responses of a dozen or fewer students, who had
not even received formal instruction in the material upon which they were being questioned. It is a
sobering thought that educational policy in the United States could be influenced by a few 7-year olds
growing up in another country, but this is in fact what has happened.

I will cite three specific example from the AAAS Benchmarks research base, reflecting either a poor
research methodology, a possible lack of scientific understanding on the part of the educational
researcher, or a significant anti-science bias. There are in total, only forty-three peer-reviewed papers

cited in the physical, earth and life sciences sections of the AAAS Benchmarks, and I have managed to
obtain and read about thirty-five of them. The three papers I will cite are fairly typical examples.

Childrens' understanding of inherited traits.

In discussing childrens' understanding of inherited traits, the following statements are presented in the
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‘two national standards documents:

...Students might hold some naive thoughts about inheritance, including the belief that traits
are inherited from only one parent... NSES p. 128 '

Some students believe that traits are inherited from only one of the parents...It may not be

. until the end of the 5th grade that some students can use arguments based on chance to
predict the outcome of inherited characteristics from observing those characteristics in the
parents AAAS Benchmarks p. 341

What is the research that would support such a statement? The cited paper by Kargbo et al. (Journal of
~ Biological Education 14:138-146) reports on the results of half-hour interviews with 32 Canadian

students, with ages ranging from 7 to 13. Twelve of the subjects were under the age of ten, and it's
astonishing that such a small group could serve as the basis for the aforementioned statement in the
AAAS Benchmarks, on the cognitive limitations of students before the end of 5th grade.

Students were asked the following question (Ibid. Table 4, p. 142): If a white male dog and a black
female dog have six puppies, what colour would the puppies be? First of all, geneticists know that this is
a question that is impossible to answer with the information provided. The students nonetheless gamely
answer, guessing that the puppies would be black or some combination of black and white. None of the
younger students guessed that the puppies would be all white, which may indicate that they thought the
black pigment in the mothers' coat would overcome in some way the absence of pigment in the father's
coat. It's a good guess.

The next question in the interview was Which one of the parent dogs do you think will give more colour
to the puppies? Most young students said the mother dog, remembering perhaps that the father dog was
white and had no color. The authors concluded from these interviews that it was clear ...that a large
number of the children thought the mother would contribute more to the genetic make-up of the
offspring than the father. (Ibid. p. 142). This is obviously not a fair conclusion, given the context: the
students were presented with a black mother dog and white father dog and asked which would contribute
more color.

This is an example of poor research design. I wish I could say it was unusual, but in fact this type of
error is present in nearly every cited paper. What is most harmful in this example is the statement in the
Benchmarks about what children cannot understand before the end of the 5th grade. Learning follows
from instruction, after all. The fact that children have misconceptions prior to instruction should not be
surprising, nor should it prevent us from attempting to teach them the concepts. The Benchmarks and
National Science Standards are full of unscholarly admonishments about what children cannot learn at
an early age. By thoughtlessly building national policy around research of this type, we have
tremendously underestimated our children's capacity to learn. '

Childrens' understanding of cooling objects.

My second example, on childrens' understanding of cooling objects, illustrates a case where the students
being interviewed appear to know more about the science than they are being given credit for. Kesidou
and Duit (Journal of research on science teaching 30:85-106) conducted interviews with 34 German
students in Grade 10, who had previously received four years of physics instruction. The students were
asked questions based on a scenario having to do with the cooling of a hot piece of metal. The authors
express concern at one point, that:
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Some students appeared to be unaware that every cooling process requires an interaction -
partner. It appears that they held the idea that bodies may cool spontaneously without other
(colder) bodies being involved. (Ibid. p. 97)

In reading the background of the German students, it's no wonder that they thought bodies could cool
spontaneously -- they learned about heat radiation in the 7th grade. As I'm sure you all know, hot objects
can become cooler by emitting infra-red radiation, and do not need to interact with other objects to do
so. This error is repeated in the AAAS Benchmarks, which state:

Middle- and high-school students do not always explain heat-exchange phenomena as
interactions. For example, students often think objects cool down or release heat
spontaneously - that is, without being in contact with a cooler object. (AAAS Benchmarks

p. 337)

* The paper by Kesidou and Duit has been favorably cited in a recent letter (see appendix) from Bruce
Alberts, President of the National Academy of Sciences. Dr. Alberts is an outstanding scientist, but he
may be unaware that this paper contains an egregious error. I am compelled to ask why, for all the
millions of dollars that have been spent, our students are being so poorly served by these national
standards documents? I wish I could say that this was the only example of a paper in which the authors -
make a mistake about the science. Unfortunately it is a common finding.

Childrens"‘"ﬁéi‘éeptions of the shape of the Earth.

My final example of citations in the AAAS Benchmarks is representative of a school of thought called
post-modernism, in which what is generally called scientific fact is taken to be merely a belief system. In
the first printing in 1992 of a National Research Council document discussing the intellectual
foundations of the National Science Standards, it was stated that the standards would reflect the
postmodernist view of science that questions the objectivity of observations and the truth of scientific
knowledge. The National Science Education Standards themselves, state a vision that there should be
less emphasis on knowing scientific facts and information, less emphasis on activities that demonstrate
and verify science content, and less emphasis on getting an answer (NSES p. 113).

In the cited paper, Vosniadou and Brewer (Cognitive psychology 24: 535-585) report the mental models
children hold of shape of the Earth. These authors conducted interviews on 60 students between the ages
of 6 and 11, and evaluated artwork they drew of the Earth situated in space. Their rubric for scoring
these childrens' drawings was complicated. If for example a child drew the Earth as a circle surrounded
by stars in space, that was taken to be a indication that the Earth was a sphere. If the stars appear on only
one side of the Earth, it was assumed that the student believed the Earth is flat. What is even more
appalhng than the research methodology, is the language used by the authors:

The purpose of the present study was to further investigate the nature of children's intuitive
knowledge about the shape of the earth and to understand how this knowledge changes as
children are exposed to the culturally accepted information that the earth is a sphere (Ibid.
p. 541)

The authors repeat this peculiar phrase the culturally accepted information that the earth is a sphere, or
something similar to it, a total of four times in the paper. It is not clear from these statements whether
the authors are themselves willing to commit to the proposition that the Earth is not flat. I would merely
ask: How is it possible that the AAAS, the National Academy of Sciences, and the National Science
Foundation have spent so many hundreds of millions of dollars to increase the influence of this type of
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thought in our schools?

The vision of the national standards documents is that scientific facts have little value, and children
should not learn them, and after all, cannot learn them. Depriving students of a content-rich education in
science will not give them standing in the global economy.

A California Commission has recently taken a different course, in developing content-rich academic
standards in science for the K-12 schools. A copy of these standards have been included with my written
testimony. Although many documents were consulted during the writing of these standards, including
the AAAS Benchmarks and National Science Education Standards, one of the primary considerations-
was the content knowledge expectations placed on students in other countries.

I have included in my written testimony, the 1997 Indian Certificate of Secondary Education
Examination. There are several reasons for assessing our own expectations of student achievement
against those of India. Their syllabus distinguishes the content knowledge that all secondary students are
‘to learn, which is indicated in italics, from the more advanced content knowledge expected of college-
bound science majors. Since much of the thrust of our own national science standards documents is to
define literacy for all students, this is an important distinction. ‘

It is clear from this syllabus that India expects significant content knowledge from all of its students. In
the 9th year of schooling (Class IX) for example, all students learn about friction and lubrication,
pressure in a liquid at rest, and the effect of pressure on the boiling point of a liquid (appendix p. 64).
They learn about the expansion of solids, liquids and gases, and paths of heat conduction, convection
and radiation (appendix p. 65). The A-level students learn much more still (see non-italicized text).

Despite the problems of grinding poverty and multiple languages, India is training students to such a
high level that they are rapidly becoming a world leader in the fields of information technology. We
have also seen evidence in the past few months that their nuclear physicists learned a few things in
school. As the late Albert Shanker, President of the American Federation of Teachers remarked (in
Making Standards Count: The case for student incentives. American Federation of Teachers, 1994):
...when you talk about world class standards, there is a world out there.

So what are the systemic initiatives doing to help prepare our students for the global economy? I've
copied three exercises from a 9th grade textbook (Issues, Evidence and You, LAB-AIDS, Inc.) being
promulgated in the LA schools by the LA Urban Systemic Initiative, and have included them with my
written testimony. The first activity in the book has students sipping samples of water from cups, with
the challenge to attempt to-reach a group consensus on which sample in the taste test might have come
from bottled water. An example taken from the middle of the book has students mixing hot and cold
water, and predicting the outcome (if you guessed warm water, then you must have studied in advance!).
The last activity in the book has students read a short passage about the history of Easter Island, and
answer questions such as What does this parable tell us about our own relationship to our environment?
Though these might be good exercises in the third or fourth grade, the content-knowledge expectations
are shockingly low for a student in high school. '

The educational reform movement in this country has caused us to lose our grounding and focus on what
is good practice in science education. In September of last year, the House Committee on Science heard
testimony from the President of the Technical Education Research Center on inquiry-based learning for
the 21st century. Among the exemplary curricula presented by this individual was an example called The
Pringle's Challenge, in which students create a mailing container that is both lightweight and strong, and
use that container to mail one Pringle's potato chip to a partner school without breaking the chip. When
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the package arrives, the receiving school determines whether the chip is intact, measures the weight and
volume of the package, and gives the package an overall score based on these three variables. Our poor
showing in the 12th grade TIMSS study should come as no surprise. While our students were mailing
potato chips to each other, students in other countries were hitting the science books and learning
something.

Stan Metzenberg, Ph.D.

Department of Biology

California State University Northridge
Northridge CA 91330-8303

Note: See also Follow-Up Questions for Dr. Stan Metzenberg
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A time traveler from the year 1899 would be continually amazed by our advanced
technology--our cars and airplanes, our skyscraper cities, our TV, radio, computers,
and communication abilities. Probably the traveler would be most shaken by our
science, from astronomy to zoology. The only place in which this visitor would be
comfortably at home is in most of our high schools.

Amazing things are really beginning to happen in the reform of high-school science
education, but one needs increased efforts to build momentum. In a previous column

(Physics Today, April 1995, page 11), I noted with mock amazement that students
were still taking biology (or earth science) in ninth grade, with 50% going on to a year
of chemistry and maybe 20% taking a third year, the dreaded physics, as juniors or
seniors.

Since then, a group centered at Fermilab's education section under Marjorie Bardeen
has held two intensive workshops, bringing together scientists and teachers with an
important sprinkling of Washington-based movers and shakers, who serve as an
informal advisory committee, which I chair. These include Bruce Alberts of the
National Academy of Sciences (NAS), Rodger Bybee of Biological Sciences
Curriculum Studies, George Nelson of Project 2061 of the American Association for
the Advancement of Science (AAAS), Shirley Malcom of AAAS, and Gerald Wheeler
of the National Science Teachers Association. Out of these workshops came an
outline or framework for a three-year science curriculum designed for all students, in
which the subject order is reversed: 9th grade, physics; 10th grade, chemistry; and 11th
grade, biology. We insisted that the standards propagated by NAS and AAAS required
a minimum of three years of science and that the order does matter. The recently

released National Research Council report, Physics ina NewEma,! puts it beautifully:
"Because all essential biological mechanisms ultimately depend on physical
interactions between molecules, physics lies at the heart of the most profound insights
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into biology."

Of course one can say the same about the need to master basic physics concepts to
understand such crucial topics as chemical structures, atomic binding, the gas laws, or
that battle flag of chemistry, the periodic table of the elements. And again, as any
reader of The Dauble Helix knows, a knowledge of a lot of chemistry is required to

begin a study of modern molecular-based biology:?
The rational order

We know of more than a hundred schools around the country, about 60% of them
private, that have switched the sequence to the rational order. Some have been
teaching "physics first" for more than ten years.

Since 1995, I have been thinking deeply about the huge task of writing a new
curriculum that would bind the three years into a coherent, core science curriculum
for all students. The fail-safe, default curricutum would start with conceptual physics,
using the math that was being taught in eigth and ninth grades. Starting with
phenomena in the real world around the student, the course would progress through
standard, important physics topics, emphasizing those that would be most helpful for
future applications to chemistry and biology. I believe the course must conclude with a
month on atoms, their structure, and how they bind to form molecules. Here is where
the physics year ends and chemistry begins. Repetition is encouraged; the boundaries
between the disciplines are lowered so that the transition is seamless.

Physics topics would be repeatedly used in chemistry so that students continue to
deepen their understanding through applications. The same thing would happen in the
transition from chemistry to biology. Chemistry (and physics) concepts are continually
reviewed, embellished, and used. Laboratory work must be inquiry dominated (the
opposite of cookbook labs) and designed to illuminate concepts. (See the article in this
issue by Ramon Lopez and Theodore Schultz, page 44.)

Since a new curriculum only gets done once in a hundred years or so, let's get it as
right as we can. Science majors will surely go on to advanced placement (AP) courses
and other elective science courses, so here we are mostly concerned with future
citizens. (This set includes a lot of scientists!)

Both science and nonscience students could, and I believe should, be required to take
a fourth year of science. I strongly recommend that the fourth year be devoted to
Earth science for its integration of disciplines, its intrinsic importance, and its daily
applicability. Other possibilities are astronomy, environmental science, computer and
computational science, and AP versions of physics, chemistry, and biology.

The three-year sequence must include a lot of process in addition to content. How
does science work? How did we discover some of these things? Why is science such a
universal culture? How do the traits of skepticism, curiosity, openness to new ideas,
and the joy of discovering the beauty of nature affect the process of science? Long
after all the formulas, Latin words, and theories are forgotten, the process will be
remembered. The goal of teachers using the new curriculum would be to produce
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high-school graduates who will be comfortable with a scientific way of thinking.

Mathematics must be brought in to this curriculum revolution early because math
phobia is a near fatal disease unless the student is inoculated at a young age. Math
phobia contributes strongly to the separation of entering ninth graders into the classes
of "ready" and "not ready." Seamlessness is essential so that middle-school (and
younger) students are prepared, by attitude as well as skills, for the new high-school

* experience. Obviously, the kindergarten through eighth-grade teachers must be
included in our long-term revolution.

Another feature of our 21st-century school is teacher conferences. Not annually but
weekly. The math and science teachers must work together in collegial professional
development so that the connections of the disciplines are emphasized and the
coherent elements emerge. Imagine if the math and physics teachers can design the
strategy of the week so that Monday's math is used in Tuesday’s physics! I give this
activity a costly five hours per week (it's only money). Here are other profound
connections: How does history influence science, physics influence philosophy,
chemistry influence architecture, neuroscience influence linguistics, music, and
mathematics? We must eventually include the teachers of social studies and
humanities. I'm not sure what to do with economics.

If we want this reform to last well beyond the first few decades of the 21st century, we
must try to anticipate dramatic, mind-numbing changes in science, technology, and
human knowledge. The connections we now see may be guidelines for future
reorganizations of our knowledge and ways of thinking.

Some of these connections should be part of the core curriculum; others can appear in
science, technology, and society-type courses. The arguments and debates in these
teacher conferences will be worth the price of admission, but they must have useful
and convincing outcomes. High schools will be true communities of learners. (Imagine
a roll of drums here.)

So we have continuous professional development, the barriers between the sciences
and between science and math are removed, but we maintain respect for the
disciplines. The 21st-century graduates, all of them, can connect subjects all over the
intellectual map. The highest form of literacy.

For this and any serious reform of science education we need to improve the
recruitment, training, retention, and evolution of our teacher workforce. A broad
knowledge of science is an essential part of the rational ordering. If our leaders--
presidents, governors, congressmen--are serious, the federal government can surely
support a revolutionary change in our educational system.

From my list of more than 100 schools that are doing physics first, I have learned that,
since there is no curriculum, the schools have innovated. They use books like Paul
Hewitt's Congptual Physics (HarperCollins, 1993) or Arthur Eisenkraft's A aiwe Phyic
(six volumes, It's About Time Inc, 1998), which are great books but not designed as a
prerequisite for chemistry and biology. So the teachers add, embellish, and improvise.
The anecdotal reports from many, if not all, of these schools indicate that after an
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awkward transition from biology-chemistry-physics to the rational order, it is the way
to go. Enrollment in elective science and AP science courses explodes and young
women take AP physics! The anecdotal information is heartwarming but must be
followed up with hard data. Of course, the schools must manage the teacher
assignments to handle the influx of students taking ninth-grade physics. I am in touch
with numerous schools that are considering the switch but are concerned about the
serious teacher shortage problem.

Connections to other fields

To my knowledge, none of the pioneer schools has gone back. Our optimism has
recently been greatly rewarded. In the past few months, the school districts of
Cambridge, Massachusetts, and San Diego, California, have opted for all incoming
students to take physics in ninth grade, followed by a year of chemistry, then biology.
This is a huge domino! San Diego is the sixth largest school system in the nation;
Cambridge has a small system but an impressive parent body. So we see some real
action.

I have a vision, still a bit cloudy, of a real revolution in high-school science inevitably
extending to the entire curriculum. We need to upgrade the economic and social status
of teachers so that our best students will want to teach. And we need to help make
seamless transitions from middle school to high school to college.

Resistance to change is awesome. Change will be expensive, but since education has

been declared essential to national defense,’ money is no obstacle. Our colleagues
who teach physics in high schools must bear the crucial responsibility of making
physics--no, science--palatable, important to the lives of their students, exciting to a
large new population who may well be the least prepared and the most fearful. My
experience is that physics teachers don't like to "do" freshmen. They also worry about
those well-prepared freshmen that may be turmed off by a too simple, relatively
nonmathematical exposure to physics. Any ninth grade physics can't be worse than
ninth grade biology! Well prepared freshmen can be offered honors and AP physics if
they qualify.

Some critics are concerned that ninth-grade physics may not be suitable for college
preparation. Fortunately, college preparation is not a law of nature but a decision
made by college admissions officers or the Educational Testing Service or some
educational bureaucrats. They must be brought into the discussion so that the students
are tested for grasp of concepts, grasp of connections, and grasp of the process of
science, in addition to a reasonable skill at problem solving. As we make progress in a
real curriculum, the application of physics to chemistry and biology will produce a
higher level of sophistication that should gladden the hearts (if any) of the college
admissions people. Finally, as Algebra I becomes increasingly part of the armaments
of the ninth grader, the course for this grade level can evolve, as it has to, to prepare
students for chemistry. Other problems proliferate: Some education experts say
physics is too abstract for ninth graders. You can add to this list.

Again I plead with my colleagues to help out. The vision is full of difficulties and may
even be wrong in some details. I have read about variations, such as including a new
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clumping of grades 7, 8, 9, and 10 into middle high school and 11, 12, 13, and 14 into
lower college, which would encourage (require?) two years of college for all students.
The future scientists will not be injured. We all know students who can solve physics
problems but have no grasp of concepts. Attention to #// the students will surely
expose an occasional genius who had never been subjected to a logical sequence. We
must all market the new strategy. So go visit your nearest high school; make sure our
time traveler from 1899 will be rapturously uncomfortable there. :

(Now imagine eight bars of 7hus Spake Zarathustra. Thank you.)

1 would like to thank Ted Sdhultz of APS, Colleen Megown, a physics forst teadbver, and Judy
Parrish of Arizona State Uriersity for belpfud conments.
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ARISE Physics

Forward:

This is an interim version of the Volume 1 of a 3-volume “cut and paste” guide to the
“Physics First” curriculum. It currently contains only our ideas on the topics that should
be taught and the students’ skills which need to be developed in the physics course which
forms the first of the three science courses of the ARISE sequence.

Your comments would be very welcome. Please send e-mail to Dr. Lederman at
lederman@fnal.gov



Curriculum Topics

The topics which have been chosen for the proposed first year of the ARISE high school
sequence are those which we believe will best prepare the young minds of freshmen for
the chemistry course of the following year. This means that a number of topics found in
a “conventional” high-school physics course have had to be excluded. These topics will,
we hope, be taken up in the elective physics course that students will take as seniors.

We believe that the topics listed below, done thoroughly, will provide a suitable
introduction to a basic science discipline, physics, and also provide a good basis for
chemistry. Enrichment of the course according to the teacher’s interest or the student’s
demand is to be encouraged, but not at the cost of leaving out the necessities for
understanding the concepts required for chemistry.

Traditional textbooks showing a similar sequencing to this would be:

Serway and Faughn, Giencoli, Bueche. These are all texts used at the college level by
non- science majors but they are frequently used in high schools. These texts w1ll be a
useful reference for the teacher.

Main Subject Specific Topic

Topic 1 Vectors Displacement
Velocity Force
Force Table
Components

Topic2  Kinematics Displacement
Velocity
Acceleration

One and two-dimensional motion

Topic 3 Dynamics Force
Newton’s 1* Law
Newton’s 2™ Law
Newton’s 3" Law
Friction

Topic4  Work and Energy Work
Kinetic energy and work-energy theorem
Potential Energy
Conservation of Mechanical Energy
Power
The very special role of energy in science



Topic 5 Momentum and
Collisions

Topic 6  Circular Motion

Topic 7  Electric Forces

Topic 8 Electric Potential

Topic9  Magnetism

Topic 10  Electromagnetic Waves

Topic 11  Geometric Optics:

Topic 12 Vibrations and Waves

Center of gravity

Momentum and Impulse
Conservation of Momentum
Collisions in 1-dimension
Collisions in 2-dimensions

Uniform Circular Motion
Centripetal acceleration
Centripetal force

Universal Law of Gravitation
Gravity at all locations
Satellites

Electric Charge and Fields
Force between charges
Electroscope

Conduction and Induction
The electric field

Electric Potential Energy
Potential Difference
Equipotential

Battery

Magnetic Field Mapping

Earth Magnetic Field

Magnetic Field Created by an Electric
Current

Oscillating Electric and Magnetic Fields

Concept of light
Speed of light

Periodic motion

Hooke’s Law and elasticity
Potential energy

Simple Harmonic Motion

Wave terminology

Wave interaction: reflection

And transmission

Wave Resonance in a string
Transverse and Longitudinal waves
Include ripple tank and sound demonstrations as
examples of wave behavior.



Topic 13

Topic 14

Topic 15

Topic 16

Relativity

Photons

Quantum Mechanics

The Atom

Postulates of relativity

Speed of light as limiting speed
Simultaneity

Moving clocks run too slowly
Relativistic length contraction
Relativistic mass-energy relationship

Planck’s discovery
Einstein’s use of Planck’s constant
Compton Effect

deBroglie wavelength

Wave mechanics versus
Classical mechanics
Resonance in deBroglie waves
The uncertainty principle

Atomic structure
Electron energy levels
A glimpse at chemistry
Nucleus

Fission and fusion.



Development of Students’ Skills
Fred Myers

One of the many advantages of following the sequence of science courses recommended by
ARISE is that students’ skills can be developed and nurtured as the need for those skills becomes
apparent. Since concepts flow logically through each course, a skill once learned is used over
and over as interdisciplinary connections are made. Skills that are learned in mathematics and in
experimental work lead to an ability to think critically. Making sensible estimates and
appreciating fine differences are essential for this kind of thinking and the laboratory is the ideal

place to learn these skills.

The level of student mathematical skills is an important issue when implementing a ninth grade
physics program. It is important to decide up-front if the students will be grouped
heterogeneously or according to their mathematical skills. If you choose the heterogeneous
route, general classroom presentations and expectations must be respectful of those students who
are not yet proficient with algebra. Differentiated instruction and more advanced mathematical
treatments should be provided for those students who are proficient with algebra.

Many schools have found it advantageous to offer ninth grade physics at two different levels. A
more advanced level should be available to students who are proficient with algebra, and a
separate level should be available for students who have not yet become proficient with algebra.

Some ninth grade physics programs have come under fire because they are called ‘conceptual
physics’. A quality ninth grade course should emphasize the importance of conceptualizing
physics, but no course should be devoid of mathematics. A physics course begs to be both
conceptual and quantitative.

Mathematics should always be used in experimentation, and mathematics should

frequently be used in problem solving. However, algebraic dexterity should not be the focus.
For decades, many physics students have become discouraged because they don’t see the forest
for the trees. That is, their difficulties and frustrations with algebraic dexterity often cloud their
view so much that they do not recognize the power, beauty, and wide applications of the
concepts of physics.

Basic Skills and Knowledge

Instruction for the following list of basic skills and knowledge should be embedded throughout
this course and throughout all later science courses. It is not recommended that an introductory
unit on these basic skills be taught in isolation. Students too often find it uninteresting and
boring when taught in this manner, forever tainting their view of physics. Instead, students
should receive instruction regarding these basic skills when the need arises and in context with
real exploration or learning.

1. Units
Metric prefixes: k,c, m,n
Metric conversions
English/metric conversions
Distinction between derived and fundamental units

1



2. Measurement Skills
Students will use a variety of instruments to make measurements of
the following:
Length (meter stick, ruler)
Time (stop watches, strobe devices)
Mass (triple beam balance, electronic balance)
Angles (protractor)
Voltage (voltmeter)
Current (ammeter)
Students will recognize that there is no such thing as an exact
measurement
Accuracy
Precision
Repeatability & fluctuation
Round measurements to reflect reasonable accuracy
Percent deviation/error = [Difference/”Accepted”] x 100
Validity of experimentation

3. Data Tables
Appropriate columnar structure
Clear labeling

4. Graphing Skills

Construct graph from given data (including selection of appropriate
graph format, setting up proper and reasonable axes, title, labels,
appropriate scale & range, and reasonable data points)

Interpolation

Extrapolation

Conceptual description of slope from visual check of graph

Draw visual (not mathematical) best-fit lines representing the data

Determination of value of slope

Write equation to represent data of straight-line graphs

5. Significant Digits
Significant digits enable communication about measurements
Use of significant digits should be ‘reasonable’
Recognize the number of significant digits in a reported measurement
Report a reasonable number of significant digits when measuring
Report a reasonable number of significant digits when performing
calculations

6. Other Mathematical SKkills
Students will be able to apply a variety of mathematical tools to the
investigation of physics:
Basic calculator functions: +, -, X, /, and V
Rounding
Calculate means of a set of values
Express numbers in scientific notation
Translate values written in scientific notation to numbers

2



Perform mathematical functions with numbers written in
scientific notation (+, -, X, /, and \/)
Use symbols to represent quantities
Solving equations
Substitute quantity values into equations
Solve equations for unknown (basic algebra)
Pythagorean Theorem
Characteristics of circles: radius, diameter, circumference
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ARISE - CHEMISTRY

Forward: by Leon Lederman

This is the second volume of a three-volume “cut and paste” guide to the “Physics First” curricu-
lum. Each volume, Physics, Chemistry, and Biology, is tasked to supply guides to the best mate-
rials available for instruction in each of the traditional disciplines. However, the emphasis in a
coherent three-year curriculum is to ease access to the connections between disciplines, to seek
the most useful materials in physics, which will facilitate the understanding of the chemistry
topic under discussion and to indicate those components of chemistry that will be most useful for
molecular biology. We also provide a guide to storytelling, to history of who did what, and how.

The study of chemistry includes essentially all aspects of the behavior of atoms and molecules
(ak.a. elements and compounds). The structure of atoms is fundamental to chemical behavior
and to the process by which atoms combine to form simple molecules such as H2 all the way to
the complex molecules of life. Applications of chemistry dominate the societal impact of science
from the essential applications to life sciences, to energy sources, to nuclear chemistry and to the
development of drugs. Chemistry, the central discipline, has a pivotal role in the three-year se-
quence that is designed to erase disciplinary boundaries, but to preserve disciplinary integrity.

Please send your comments and questions to me at lederman@fnal.gov.

Credits:
Three teachers contributed the chemistry resources:
Frank Cardulla, Niles North High School, Skokie, IL, (retired) editor of ChemMatters, in-

dexed ChemMatters.
Bill Grosser, Glenbard South High School, Glen Ellyn, IL provided ideas and examples of

cooperative learning and use of technology in the classroom.
Lee Marek, University of Illinois, Chicago, indexed Flinn ChemTopic Laboratory Manuals

and provided ideas and examples.



Users Guide

A. CURRICULUM

Curriculum TopPics: ... ...o.iui i 3

The suggested chemistry curriculum is presented as 22 topics, in AN order but not neces-
sarily THE order:

B. SOURCE MATERIALS.

Textbooks
Textbook List

....................................................................................... 3
Choosing textbooks - The Textbook League............ooooiiiiiiii, 7
URLs:
Institute for Chemical Education

<http://ice.chem.wisc.edu/index.htm>
ICE LABS details and credits

<http://129.93.84.115/Chemistry/LABS/LABS00.htm[>

ChemMatters  <http://www.chemistry.org/portal/a/c/s/1/educatorsandstudents.html>
Flinn ChemTopic™ Lab Manuals  <http:/www.flinnsci.com/homepage/jindex.html>
VIrtual Labs. ... 11
NSTA SciLinks — web-based inStruction. . ...........oooiiiiiii i 14
Software
If I had one piece Of SOfIWAIE. ... ....oeueniniiii i 14
C. INDICES.
Chemmatters
Guide to articles for Student USe............oeviiiiiiiiiiiii 16
Guide to articles for teacher US€...........coeviuiiiiiiiiiiiiiiie e 24
Flinn Chemtopic Laboratory manuals ... 74
Flinn ChemTopic labs — titles listed by curriculum area............................. 76
Flinn ChemTopic labs —summary of each lab with links to curriculum............ 85
Institute for Chemical Education (ICE)..................... 147
Laboratory Leadership Workshop Labs................ooooiiin 148
Technology-Adapted Labs. ... 156
D. TEACHING CHEMISTRY: Ideas, Thoughts and Examples
Reflections on Teaching Chemistry: Bill Grosser ..., 164
LeeMareK......coooiiiiiiiiiiiiii 173



A. CURRICULUM TOPICS

1 Matter and Change 12 Gases/Gas Laws/Kinetic Theory
2 Measurement 13 Electrons in Atoms
3 Problem Solving 14 Periodicity/Periodic Law/Metals, Non-
4 Atomic Structure metals and Families.
5 Radioactivity, Fusion, Fission 15 Ionic and Metallic Bonds
6 Chemical Names and Formu- 16 Covalent Bonds, Molecular Shapes and

las/Compounds and Elements Intermolecular Forces
7 Moles 17 Water, Aqueous Solutions
8 Chemical Reactions 18 Reaction Rates and Kinetics
9 Stoichiometry 19 Equilibrium
10 Phases, Solids, Liquids and Gases (States 20 Acid/Bases/pH

of Matter) 21 Organic Chemistry
11 Thermochemistry 22 Redox/Electrochemistry

B. SOURCE MATERIALS
Chemistry Textbooks

Textbooks are important in spite of the Internet. They affect both the student and teacher alike.
Teachers rely upon textbooks; they serve as ready-made courses and define the material that stu-
dents will learn from lesson plans, homework assignments and tests. Selection of a textbook is
important because you will probably be using it for at least five years.

The American Chemical Society web site lists many textbooks available for high school chemis-
try: <http://www.umsl.edu/~chemist/cgi-test/mybooks.pl?category=16>

The following list of chemistry textbooks (some of them from the ACS list) gives the web links
to their publisher. The order here has no particular significance. If your favorite book is not on
this list, let us know. As you will see from the The Textbook Letter (in the following section),
textbook selection is never easy and in some states rather “interesting.”

Addison-Wesley Chemistry
6th Edition 2002 881 pp. 0-130-54384-5 (student edition); 0-130-58056-2 (student edition with

CD-ROM); 0-130-54847-2 (teacher edition with resource CD-ROM)

Wilbraham, Antony C., Dennis D. Staley, Michael S. Matta, and Edward L. Waterman
<http://www.phschool.com/atschool/chemistry/index.htm]>

$69.95 (student edition); $76.21 (student edition with CD-ROM); $118.71 (teacher edition with
resource CD-ROM)

4th edition reviewed in The Textbook Letter July-August 1997

Chemistry in the Community (ChemCom)



4th Edition 2001 ACS 0-7167-3551-2 (full version); 0-7167-3890-2 (minibook)

American Chemical Society
<http://www.whfreeman.con/highschool/book.asp?disc=CHEM&id_product=1124001 763& (i

d course=1058000061&disc name=Chemistry&cd booktype=CRTX>

$70.00
Reviewed in The Textbook Letter, July-August 1997

Chemistry: Matter and Change

The McGraw-Hill Companies (Glencoe/McGraw-Hill), Columbus, OH, ISBN 0-02-828378-3
Dingrando, Gregg, Hainen & Wistrom

<http://www.glencoe.com/sec/science/index.html>

Prentice Hall Chemistry - Chemistry: Connections to Our Changing World

2nd Edition 2000 960 pp. Prentice Hall 0-13-434776-5 (student edition); 0-13-434777-3 (teacher
edition)

LeMay, H. Eugene, Herbert Beall, Karen M. Robblee, Douglas C. Brower
<http://www.phschool.com/atschool/chemistry/index.htmI>

Price unavailable

Previous edition reviewed in The Textbook Letter January-February 1995

Holt Chemistry: Visualizing Matter

“Technology Edition” 2000 864 pp. Holt, Reinhart and Wilson 0-03-052002-9 (student edition);
0- 03-053837-8 (teacher edition)

Myers, R. Thomas, Keith Oldham, and Salvatore Tocci
<http://www.hrw.com/science/hc/index.htm>

$52.95 (student edition); $70.50 (teacher edition)

Previous edition reviewed in The Textbook Letter November-December, 1996

Chemistry: Concepts and Applications

2nd Edition 2000, Glencoe 0-02-828209-4 (student edition); 0-02-828210-8 (teacher edition)
Phillips, John, Victor Strozak, Cheryl Wistrom wrote the previous edition; the publisher

lists no author for this one.

<http://www.glencoe.com/sec/catalog/cgi-
bin/secDisplay.cgi?function=display&area=science&category=productinfo&nameid=9>
$66.00

Previous edition reviewed in The Textbook Letter July-August, 1998

Modern Chemistry
19th Edition 1999 Holt, Reinhart and Wilson 0-03-051122-4 (student edition); 0-03-051389-8

(teacher edition)

Davis, Raymond E., H. Clark Metcalfe, John E. Williams, and Joseph F. Castka
<http://www.hrw.convscience/me/index.htm>

$52.95 (student edition); 70.50 (teacher edition)

Reviewed in The Textbook Letter January-February 1998




The Real World of Chemistry

3rd Edition Kendall Hunt (I can no longer find it on the Kendall Hunt webpage). 1998 320 pp.
0-7872-4190-3

Fruen, Lois

$39.95 (wire coil)

Merrill Chemistry

7th Edition 1998 910 pp. Glencoe 0-02-825526-7 (student edition); 0-02-825527-5 (teacher edi-
tion)

Smoot, Robert, Richard G. Smith, and Jack Price

<http://www.glencoe.com/sec/catalog/cgi-
bin/secDisplay.cgi?function=display&area=science&category=productinfo&nameid=10>

$44.98 (student edition); $59.99 (teacher edition)

Reviewed in The Textbook Letter, November-December, 1998

Active Chemistry

1st Edition, It’s About Time 1-58591-113-5 (student edition); 1-58591-114-3 (teacher edition)
Anonymous

<http://www.its-about-time.com/htmls/ac/ac.html>

$23.95 (Student edition); $49.95 (Teacher edition)

World of Chemistry

McDougal Littell - A Houghton Mifflin Co., Evanston, IL, ISBN 0-618-13496-4

Steven Zumdahl, Susan A. Zumdahl, and Donald DeCoste
<http://college.hmco.com/chemistry/general/zumdahl/world of chem/le/students/>
<http://college.hmco.com/chemistry/general/zumdahl/world of chem/le/instructors/index.html>

Conceptual Chemistry: Understanding Our World of Atoms and Molecules
2nd Edition, 2004 ISBN: 0-8053-3228-6 John Suchocki
<http://www.aw-bc.com/catalog/academic/product/0.4096,0805332286.00.htmI>
Publisher: Benjamin Cummings '

Format: Cloth Bound w/CD-ROM; 647 pp

$84.60

Chemistry in Your Life
2003, 600pp, Bedford, Freeman and Worth
Colin Baird, University of Western Ontario, Wendy Gloffke, Science Writer and Educational

Consultant
Go to: <http://www.bfwpub.com/book.asp?2001002476> to access table of contents etc.

CHEMISTRY: Connections That Matter

W. H. Freeman and Company 2003

Joseph Krajcik, Brian Coppola, Alan Kiste
<www.whfreeman.com/highschool/book.asp?2001002486>

Meeting Tomorrow’s Science Needs Today



<www.whfreeman.com/stw/>

ChemCom

Chemistry In The Community, Student Text; ISBN 0-7167-3551-2, $62.90
Wraparound Teacher’s Edition, 0-7167-3918-6, $69.90
<http://www.acs.org/education/curriculum/chemcom.html>

For the Student:

Website: <http://www.whfreeman.com/chemcom/>




Textbook League

By Lee Marek

The Textbook League, which publishes The Textbook Letter (TTL), is an interesting group. I
have been reading the letter for a number of years and really like the reviews and find them hon-
est and refreshing compared to most, but go to their website and judge for yourself.
<http://www.textbookleague.org/>. You will find that new material is added frequently to the
web site and The Textbook Letter could help you in the choice of a suitable textbook for your
course.

The textbook selection process can be really important. For one thing the teacher is liable to be
“stuck with it” for five or more years. Textbooks affect not only the students but also the teacher.
They “tell” the teacher “what is important and how it should be taught.” As the Textbook League
webpage says, “In many instances the books serve as ready-made courses, since many teachers
depend on them to define a curriculum, to prescribe the material that students will learn, and to
dictate how the material will be presented. This effect is all the greater because teachers often
rely upon textbook publishers to provide ready-made lesson plans, ready-made homework as-
signments for students to execute, and ready-made tests for students to take — all keyed to the
textbooks that the teachers have chosen.” The following is culled from Textbook League’s web-
site, except for a few of my comments in parentheses. There are two sample reviews included.

One might expect, then, that textbooks would undergo considerable scrutiny before they
get into schools. Indeed, one might expect that the American education community would
sponsor formal textbook-review proceedings, and would disseminate the results of such
proceedings to teachers throughout the country, so that the teachers would be made aware
of good books and would be warned away from poor ones.

In fact, however, no national textbook evaluation processes exist, and the “evaluations”
conducted by state departments of education or by local school districts are rarely any-
thing more than bureaucratic shams—bogus proceedings where textbooks are judged by
those who have no discernible qualifications for such work. In typical cases, the state
education agencies and local districts approve textbooks without soliciting appraisals
from persons who have expert knowledge of the relevant subject matter. As a result,
classroom teachers can be stuck with biology books that have never been reviewed by
any biologist, history books that have never been seen by any historian, geography books
that have never been evaluated by any geographer, or health-education books that have
never been reviewed by any physician. (Indeed I have seen such in my own district—tops
in the world on the TIMMS test. We had a committee that I foolishly said I would be on
for junior high textbook selection. We met off and on for over a year, then an administra-
tor picked the textbook series for us because they got a good deal from the publisher!)

In 1989 a group of Californians undertook to do something about this situation by found-
ing an organization and a periodical devoted to providing the knowledgeable reviews that



educators need. The organization is The Textbook League. The periodical is The Text-
book Letter, which the League mails to subscribers throughout the United States. The
subscribers include classroom teachers, officers of local school districts, officers of state
or county education agencies, and private citizens who take a serious interest in the con-
‘tent and quality of the instruction offered in the public schools.

Each issue of The Textbook Letter is built around reviews of schoolbooks, with emphasis
on middle school and high school books in history, geography, social studies, health edu-
cation, and the various branches of natural science. Reviews are augmented by articles on
topics that are important to educators, who must choose and use instructional materials.

A typical review in The Textbook Letter is contributed by a person who has professional
credentials in the pertinent discipline. A physics textbook is reviewed by a professional
physicist; a chemistry text is reviewed by a professional chemist; a health education text
is reviewed by a practicing physician; an earth science text is reviewed by a geologist or a
paleontologist; and so forth.

Each review focuses strongly on the factual and conceptual content of the book in ques-
tion. The reviewer’s principal aim is to judge whether the book’s factual information is
solid, whether the book’s conceptual syntheses and interpretations are up to date, and
whether the material that the book presents will be meaningful to the intended audience.

When the editors of The Textbook Letter send a book to a reviewer, they deliberately do
not furnish any list of evaluation criteria for the reviewer to use. The editors’ precept is
that a textbook is (or should be) a tool for promoting intellectual development, and that
intellectual matters cannot be reduced to checklists or catalogues of buzzwords. Their ap-
proach is to engage an expert, then let the expert use his own judgment in deciding which
features of the book deserve to be described and analyzed in a review.

The website of The Textbook League is a resource for middle-school and high-school educators.
It provides commentaries on some 200 items, including textbooks, curriculum manuals, videos
and reference books. The Textbook League, P.O. Box 51, Sausalito, California 94966
<http://www.textbookleague.org/>

The following from the website describes the process of State Textbook adoption. I have only
put part of it here. If you go to the website, you can read more. If you teach science, this can
really scare you! The following webpage Annals of Corruption: Part 1 is about Richard
Feynamn’s “Judging Books by Their Covers” and proves to be an interesting read. I have in-
cluded but a small part here. <http://www.textbookleague.org/103feyn.htm>

In 1964 the eminent physicist Richard Feynman served on the State of California’s Cur-
riculum Commission and saw how the Commission chose math textbooks for use in Cali-
fornia’s public schools. In his acerbic memoir of that experience, titled “Judging Books
by Their Covers,” Feynman analyzed the Commission’s idiotic method of evaluating
books, and he described some of the tactics employed by schoolbook salesmen who
wanted the Commission to adopt their shoddy products. “Judging Books by Their Cov-



ers” appeared as a chapter in “Surely You’re Joking, Mr. Feynman!”—Feynman’s auto-
biographical book that was published in 1985 by W.W. Norton & Company.

To introduce a series of articles about corruption in schoolbook-adoption proceedings, we
present here (with permission from W. W. Norton & Company) an extended excerpt from
Feynman’s narrative. Readers will see that Feynman’s account is as timely now as it was
when he wrote it. State adoption proceedings still are pervaded by sham, malfeasance and
ludicrous incompetence, and they still reflect cozy connections between state agencies
and schoolbook companies.

Some Nasty Performances in Oklahoma: <http://www.textbookleague.org/1060kla.htm>
By William J. Bennetta

Oklahoma is an “adoption state.” It is one of 22 states, most of them in the South or the
West, in which state agencies control the evaluation, selection and adoption of the text-
books that will be used in public schools. In Oklahoma, the agency that performs the
evaluating and selecting and adopting is the Oklahoma State Textbook Committee.

Oklahoma law says that the State Textbook Committee shall comprise thirteen persons,
all appointed by the governor. Twelve members must be employees of public schools,
and a majority of those twelve must be classroom teachers. The thirteenth member must
be a layman “having at least one child in the public schools of Oklahoma.” The declared
function of the Committee is to “select textbooks or series of textbooks for each subject,
which are in its judgment satisfactory.” The Committee must carry out “careful consid-
eration of all the books presented (by publishers)” and must select for adoption “those
which, in the opinion of the Committee, are best suited for the public schools in this
state.” The Committee may engage consultants, but the consultants must be “regular
classroom teachers.”

These prescriptions constitute a recipe for farce. Though the Committee is supposed to
judge books in history, mathematics, biology, chemistry and many other subjects, there is
little chance that the Committee ever will have a member (or will be able to engage a
consultant) who possesses professional knowledge of any of those subjects. Hence there
is little chance that the Committee ever will have a member (or will be able to engage a
consultant) who is qualified to evaluate the treatment that is accorded to any of those sub-
jects in a schoolbook.

In practice, Oklahoma adoptions are indeed farcical. The State Textbook Committee’s
proceedings serve chiefly to celebrate the invention of the rubber stamp, and the Commit-
tee commonly approves textbooks that any competent agency would immediately consign
to the trash heap. . . .

A sample review of a physical-science book for grade 8 or 9:

Introductory Physical Science
Seventh edition, 1999. 268 pages. ISBN: 1-882057-18-X



Science Curriculum Inc., 24 Stone Road, Belmont, Massachusetts 02478
This Book Is the Best, by a Wide Margin
By Lawrence S. Lerner
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About four years ago I had the pleasure of reviewing the sixth edition of Science Curricu-
lum Inc.’s Introductory Physical Science. “This is an outstanding book,” I reported in
TTL, “written by authors who know what science is about, know their subject matter, and
know how to teach it to 8th-graders and 9th-graders.”

[Editor’s note: Lawrence S. Lerner’s review of the sixth edition appeared in TTL for No-
vember-December 1995, with this headline: “The Authors Are Knowledgeable, and the
Book Is a Delight.”’]

That statement applies to the seventh edition, too, and the word “authors” is significant.
The persons named on the title page of Introductory Physical Science are truly the book’s
authors, and they have maintained full control of its contents. Readers who are familiar
with the schoolbook industry, and with the habits of the major schoolbook companies,
will recognize that this is an atypical circumstance. In most schoolbooks, the lists of so-
called authors are fictitious and have been devised to serve as sales-promotion features.

Introductory Physical Science has only 268 pages, so it is less than half as long as the
other physical-science books I have reviewed—yet it offers far better content. Unlike
those other texts, Introductory Physical Science is not bloated with gratuitous factoids,
empty mentionings, environmental pieties and irrelevant sidebars.

The authors of Introductory Physical Science show the student how science is done, and
they teach the student to think like a scientist. Their strategy, as I noted in my review of
the sixth edition, is to take the student through a series of experiments and analyses that
amount to an abridged account of the development of chemistry and physics from the
mid-1700s to 1900 or so.

Comparing the Editions

A striking experiment in the earlier edition allowed the student to make a direct estimate
of the size and mass of a molecule of oleic acid. These quantities were inferred after the
student measured the area of a film of oleic acid that was floating on water. In the seventh
edition, the procedure has been dramatically improved: Instead of using pure oleic, the
student uses a dilute solution of oleic acid in alcohol. This enables the student to obtain
better results (and all the satisfaction that goes with them). In keeping with this refine-
ment, oleic acid’s density—which the student must use in a calculation—is now given as
0.87 g/cm3 instead of 1 g/cm3.

On the other hand, a beautiful sequence of experiments that I admired in the sixth edition
has been modified in a disappointing way. Let me describe this case in some detail:

Most textbooks treat the difference between a chemical element and a compound simply
by asserting that every compound consists of more than one element, but the authors of



Introductory Physical Science prefer a scientific approach to this topic. In the sixth edi-
tion, the authors used a number of experiments and comparisons to show the student that
certain solid substances, when they participate in chemical reactions, invariably yield
solid products that have greater mass. The student then was led to understand—indeed, to
define—such substances as elements. Likewise, the student found out that other solid
substances, when they participate in reactions, may yield products that have greater mass
or products that have lesser mass. The student then came to comprehend that any sub-
stance which gives such variable results must be a compound. The supporting evidence
came from several sources, including an experiment in which the student observed the
thermal decomposition of baking soda, then a narrative account of the thermal decompo-
sition of mercuric oxide, and later an experiment in which the student watched the ther-
mal decomposition of sodium chlorate and measured the difference between the initial
mass and the final mass of the solid in the test container.

Looking at the seventh edition, I find that the experiment with sodium chlorate has been
excised, presumably in the interests of safety. (The decomposition of sodium chlorate
sometimes proceeds very vigorously.) Now the authors simply remind the student about
the example of mercuric oxide and about the earlier experiment with baking soda. The
excision of the sodium-chlorate experiment has not diminished the general argument, but
the argument has lost some of its punch—especially because the case involving mercuric
oxide still appears only in a narrative, not in an experiment that is actually performed by

the student.

The sixth edition didn’t contain many errors, and in the seventh edition most of them
have been corrected—but not all:

. Page 110: The student again is asked to write an essay about the “sludge test.” But
there is still no indication of what is meant by this term.

. Page 115: The “tiny bubble” mentioned in the caption for figure 6.2(b) is not visi-
ble.

. Page 119: Problem 12 should come before problem 11.

. On page 132, figure 6.9 still shows an aluminum cell in which molten aluminum
is siphoned from a lower to a higher level.

. Page 166: Here a radioactive atom is said to emit a particle “which affects a

counter . . . .” But this is true only if the particle happens to be headed in the direction of
the counter. It would be better to say that the particle “can affect” a counter.

. Page 204: In a passage about the production of hydrogen in two electrolysis cells,
it is still unclear that the authors are referring to the rate of production in each cell, not in
both cells together.

. Pages 231 through 234: The description of the operation of a dry cell is still
vague, and the function of sacrificial electrodes is still not explained clearly.

In the sixth edition, some of the photographs weren’t clear, and some of the graphs were
too crude. Many of these have been replaced, usually for the better, but a few of the pho-
tos in the seventh edition demand further improvement. Alternatively, it may be profit-
able to replace them with line drawings. Figure 1.1 can serve as a case in point: In the
sixth edition, it was an indistinct photograph of a pneumatic trough, and it failed to show

11
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the water level inside the collection bottle. The seventh edition has a new photo that is
much clearer overall, but the crucial water level still can’t be discerned. The same diffi-
culty occurs in figure 1.4—and here the new photo is less clear overall than the older one

was.

These, however, are but minor matters. Taken as a whole, Introductory Physical Science
is an excellent book.

The thorough, clearly written Teacher’s Guide and Resource Book for the seventh edition
is largely a laboratory manual, designed to lead the teacher through the experiments that
appear in the student’s text. This Teacher’s Guide is much like the guidebook that came
with the sixth edition, but the “Introduction” has now been expanded by the addition of
new pedagogic information and suggestions. The teacher, whether experienced or inexpe-
rienced, will find the Guide to be a trusty and valuable companion during the planning of
a course based on Introductory Physical Science.

Students who work through Introductory Physical Science and do the experiments will be
well rewarded, for they will acquire a good understanding not only of the subject matter
but also of the way in which science is done. I recommend this book strongly. It is the
best, by a wide margin.

Lawrence S. Lerner is a professor emeritus in the College of Natural Sciences and
Mathematics at California State University, Long Beach. His specialties are condensed-
matter physics, the history of science, and science education. His university text Physics
for Scientists and Engineers was issued in 1996 by Jones and Bartlett Publishers, Inc.
(Sudbury, Massachusetts). His report State Science Standards: An Appraisal of Science
Standards in 36 States was issued in March 1998 by the Thomas B. Fordham Foundation

(Washington, D.C.).
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introduction

“Todays U.S. economy has created a remarkable paradox. It has
grown at an average of 3 percent annually since the butrom of the
2001 recession, a reasonable rare by historical standards. After sev-
erat years.of Har employmenr growth, the cconomy has created owo
million new jobs in 2004 and 2005 and is on track to do che same
in 2006. Yet. at the samic time many — if not most — American
families have a feeling of uncertainiy and concern about the ccon-

omy and their future.

Their concerns can be seen in the headlines and predictions we see

daily.

* Despite the economy’s overall. long-term success, Americans’
median carnings are stagnating. In 1978, the median carnings
(corrected for inflacion) of full-time American workers were
$37,004. In 2005, 27 years later, they were $37,447 — a mere 2
percent increase over the previous 27 years. American workers
have, on the whole, lost a generation of economic growth.!

* This stagnation conceals a market divide in the Jabor force: the
earnings (corrected for inflation) of workers who have finished
callege or acquired a post-baccalaurcare education have risen in
the last 20 years, bue the wages of all those with less educational

? attainiment have fallen.’

. 3 * When placed on an apples-to-apples basis, the U.S. produced
\]2 137,000 new engincers in 2004, while India produced 112,000
x and China produced 352.000 (og an uncorrected basis, India

‘f \Y produces 350,000 engineers and China produces over 600,000).
‘e  Bur even these corrected numbers show thar these cmerging
economies are capable of one day creating a high-tech economy
Q\"e’

thc size of our own.' e

¢ . Amcnau trade deficit has ballooned from $31 billion in 1991 to
$362 billion in 2001 to $717 billion in 2005. QOur bilateral
>e- deficit with China has grown from $13 billion to $83 billion to
$201 billion in those same three years.' China, by the end of
20006, will have amassed one rillion dollars in reserves and will

have the potential to exercise considerable influence over the

/13
°'%.

coursc of the U.S.,, and world. cconomices.®
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* The human resources con.sulnnn firm Xearny estimarcs l'hd

the financial services industry will send 500,000 jobs abroad in

the next eighr years, prodereimg-sermrt savings of $30 billion. Is

any job untouchable? A leading investment bank recently relocar-
«d 50 junior equity rescarch analyst jobs to Mumbai, where new
MBAs earn $30.000, as compared o $150,000 in che United

Newr @nginovw dyp

feern amidst growth is even grearer when we

Staces!

‘This paradox of co
step back and loo) at the cconomy in a longer-term context. New
technologié products and services unimaginable a gencra-
tion ago and revolutionize the way the products of a generation
ago are produced today. The world has become linked in a way

that only the most daring theorists of prior decades would have

" thaughr possible. And yet, these changes have brought many

Amcrican families uncertain job prospects and stagnant incomes,

even as they help the economy grow.

‘The powerful forces that drive roday’s economy come with no
instructions on how to harness them. How will we create good
jobs? How will we promote growth in our local economies? In

short, how can we improve our competitivenes L4

o g a0y g @M I
this Call To Action. we discuss how
competitiveness occuts, how it relates o innovation, and what

1he answer is innovation )

states can do to promote it within their borders.

Let’s begin by defining our terms.

The “Competitiveness Problem”

“Competitiveness” is 2 word wi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>