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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 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 an 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?

This is the final report of the Panel on Chemistry which met at the National Institute of
Aerospace in Hampton, Virginia, May 30-31, 2007.

Four weeks prior to the meeting, panel members were provided materials on proposed
national science standards, outlines of the Advanced Placement Chemistry, and International
Baccalaureate Chemistry courses, Virginia’s Science SOL and Chemistry Curriculum
Framework, and copies of Chemistry SOL from several other states whose SOL were ranked
high by the Fordham Institute.

After working in facilitated sessions as subgroups and a committee of the whole, the
Chemistry Panel developed the following findings and recommendations in four main
categories regarding the current Virginia SOL in Chemistry:

General:

o The traditional science disciplines are becoming increasingly
outmoded as an appropriate taxonomy for secondary school
education. A key illustration of this point is modern biology,
increasingly molecular in content and thereby critically dependent on
knowledge of chemistry. Further, learning occurs best when content
is reiterated with increasing levels of sophistication — rather than the
single year “bites” of biology, chemistry and physics. The growing
technological manifestations of science need to be rooted in a greater
appreciation of engineering principles and approaches. Virginia
should begin serious exploration of restructuring its curriculum and
Standards of Learning in an integrated mode such as that advocated
by Lederman, e.g., Science and Engineering 1, 2, 3, 4.



Laboratories:
o

Chemistry relates real-world phenomena to fundamental abstract
principles that are discovered through observation and laboratory
methodology and then expressed quantitatively in the language of
mathematics and qualitatively in the written word.

To better motivate the importance and usefulness of chemistry, the
order of teaching chemistry should be from physical world observed
phenomena (macroscopic) to fundamental building blocks
(microscopic). (Macroscopic Properties -> Chemical Structures ->
Chemical and Physical Interactions). This new approach may require
new intellectual agility from chemistry teachers to move back and
forth between these layers of understanding.

Laboratories should comprise about 20% of class time throughout the
year and teachers should have freedom to choose which topics they
complement/integrate with laboratories.

Laboratories must integrate into the chemistry topics, make use of
state-of-the-practice equipment and methodologies (eg: modeling and
simulation, lab on a chip), ensure good data handling, and must
include written lab reports to communicate the process and results.
Laboratory principles and practice must be included in the assessed
content.

Teachers should partner with universities and work-world laboratories
to develop laboratory modules — particularly in contemporary
research areas.

Contemporary Applications and Emerging Technologies:

O

Chemistry applications, including contemporary uses of chemistry in
the physical world and emerging technologies, must be integrated into
the chemistry content and included in assessed content.

Open Source Courseware:

O

The Virginia Department of Education should support a website (such
as a wiki) to which teachers can add laboratory modules and
contemporary applications as they develop and use them. A
collaborative effort with other states and/or NSF would accelerate
progress in this effort.



Introduction and Background

In the Fall of 2006, NASA engaged in discussion 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 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 engineering4 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.

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 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 oufcome 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:

' 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 structures and the spaceflight
capabilities to use them. Follow-on panels to similarly review the other science areas are a possible future
activity.

5 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).



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
Jfrom 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, and 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 is a bit more broadly defined in terms of what K-12
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) wing of the Department of
Education. Thus the panel could not look at an SOL content set for engineering, but did
look 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 is on ALL students in laying out a safety net of science (physics/chemistry) 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.

® In Virginia, approximately 10% of students in grades 9-12 are taking one or more advanced placement
courses; 1% are in Governor’s Schools, and 0.25% are in International Baccalaureate (IB) programs. The
College Boards are working on aligning AP courses and the American Institute of Physics and NRC have
develop reports on advanced needs in physics and chemistry respectively. The Chemistry Report is in the
Appendix B of this report.



Philosophy for Selecting Team Membership

Because many previous SOL content development teams were made up with a
preponderance of K-12 science educators with a few practicing scientists as advisors or
reviewers, this team was designed to complement and supplement the content-area expertise
of those teams. The Chemistry Team was designed to have subject matter expertise on the
full range of chemistry technology readiness levels from basic research through technology
and development to operations and production. To this end, members were solicited from
university chemistry departments, government research laboratories, and industry. One of
the team members had recently taught high school chemistry as adjunct faculty.

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

Dr. Joel Faircloth Virginia Tech Agricultural Research Station

Dr. Gus Gerrans University of Virginia

Dr. Rob Hinkle College of William & Mary

Mr. Chris Hodge Naval Surface Warfare Center - Dahlgren

Dr. Henry McGee Virginia Commonwealth University

Dr. Jim Murday Naval Research Laboratory / Univ Southern California
Mr. Lennie Routten Northrop-Grumman

Dr. Mia Siochi NASA Langley Research Center

Mr. Tom Wavering LUNA Innovations

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

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

e They had available the current range of standards developed and
implemented over the past decade as benchmarks — that is they had the
advantage of standing back and evaluating what’s been created there.

e They brought a range of technical 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



Preparation for Meeting

Because the team was developed for its chemistry 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
chemistry 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 both the Virginia Science SOL and a copy of the Virginia
Curriculum Framework for Chemistry. The Curriculum Framework serves as a guide for
teachers by providing the next deeper level of specificity for the SOL. The Framework
enumerates the essential understandings and the essential knowledge and skills that students
should develop for each of the standards in the SOL. In addition to the current Virginia
Standards and Curriculum Framework, the Chemistry Team had available to them: sets of
standards from other states that have been judged as “leaders” in the development of quality
standards®, the College Board Advanced Placement (AP) Chemistry course outline, 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 Nobel Laureate Leon Lederman on sequencing and content of science courses. Dr.
Lederman suggests that because the nature of biology has changed so radically from mostly
an exercise in classification (1930’s) to almost completely molecular biology in the 21*
century, that chemistry (and in particular organic chemistry) should precede biology rather
than the traditional order in which biology precedes chemistry in K-12 curricula. He also
proposes that Physics precede Chemistry, ending with atomic and nuclear physics. Some
250 to 300 schools across the United States are experimenting with this new approach

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 percent of these teachers were aware of
“nanotechnology”, but only 18% said that they understood it, and 7% replied that they
taught it. Thirty-eight per-cent 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 team were also given copies of the NRC’s National Science Education Standards, the
AAAS Project 2061 “Science for All Americans” and “Benchmarks”, and the thinking of
the National Research Council on an advanced high school Chemistry course — Learning
and Understanding: Improving Advanced Study of Mathematics and Science in U.S. High
Schools: Report of the Content Panel for Chemistry (2002).

8 Paul R. Gross: The State of State SCIENCE Standards. Thomas B. Fordham Institute (2005).



Meeting Place and Process (Agenda)

The Chemistry Team met on May 30 - 31, 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 chemistry 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 three smaller homogeneous breakout groups to consider
(brainstorm) the main question before them: What are the chemistry essential content to
reach 80% — 90% of all high school students to help them become productive citizens’
in the 21% Century? The three homogeneous groups were broken out as:

o University representatives
e Government laboratory representatives
e Industry representatives

The three 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 one
member from each of industry, university, and government lab representatives. The three
mixed groups were each 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.

The result of this work was then a final result which had three components:

e Cross-cutting essential content that supports all of chemistry

e Required (essential) chemistry topics for all students

e Elective chemistry topics from which a subset would be chosen each year by the
teacher

® What is the essential 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, and 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?



Results

Participants began the meeting by introducing themselves, their particular area of chemistry
expertise, and their thoughts based on their expertise and preparatory reading material.
During this introductory discussion, there was a strong direction that laboratories, through
which students engage in the scientific method, be a strong component of the program
(Figure 1).

Figure 1. Chemistry Describes the Observed World

Mathematics &
Writing / Communication

The panel then went into breakout sessions with three homogeneous groups: university,
government labs, industry.

Two main themes developed from these breakout sessions (homogeneous groups):

e Experiments and demonstrations mediate between the observed world and basic
chemistry principles and there are certain “cross-cutting essentials™ that are
foundational to the chemistry content per se.

e While many things are “good and interesting chemistry”, they do not all fit into one
academic year, so choices of “core” or “essential” content had to be made.

The cross cutting essentials are listed below as section “A” and are shown graphically in
Figure 2. These cross-cutting essentials include safety, laboratory skills and appropriate use
of the scientific method. Students integrate the use of state-of-the-practice equipment for
data acquisition, data handling, and data analysis. The writing of reports to clearly record
and communicate results is also included in this section.

10



In the second set of breakout sessions, mixed groups (membership of each group was mix of
university, government lab, and industry) worked on these two themes and presented their
ideas on what was core. As the groups formed back into a committee of the whole, the idea
that there was not a simple fix to the current Virginia SOL emerged. The fundamental
nature of Virginia’s chemistry course must be changed and thus individual deletions and
additions or modifications to the SOL were inadequate'®. The major philosophical change
that emerged was that chemistry should be taught from the macroscopic to the microscopic.
Applications and observations of the real world must be woven throughout the tapestry of
the course by the teacher and not reserved as anecdotes at the end of a unit or worse, the end
of the term. Rather than start with the structure of the atom and build up to real-word
macroscopic behaviors of matter, chemistry should begin with the behaviors of matter at
dimensions that are observable by humans. These macroscopic properties and behaviors
(please see section “B” in the outline below) start the student thinking about why chemistry
is useful and important. It should create some curiosity and motivate further exploration to
understand these observed behaviors. Gross chemical and physical properties such as gas
compressibility (SCUBA diving/bends), phase changes (boiling/solidification), viscosity
(automobile oil/belly flop on water), and interaction phenomena (cleaning agents/salt to melt
ice on sidewalks) would be investigated. Next, the microscopic world of chemical structure
would be investigated (section “C” in the outline below). Here we would begin the atomic
structure of the elements and their periodic properties, move to “beyond elements” with
molecules and nanostructures and “formulas and nomenclature”. Another name for these
topics combined might be “common chemicals and their properties”. We would look at
different atmospheric gases, hydrocarbons, sugars, and salts. We would then move on to
acids and their properties; how we use acids and their different strengths (pH). The student
learns that vinegar is not particularly worrisome, oxalic acid is useful to clean/etch concrete
but requires care in its use, while sulfuric acid in your car battery is very useful but requires
extreme care in handling. Continuing down the list below, we would extend a hand across
disciplines to biology with the introduction of sugars, amino acids (proteins), nucleic acids,
(DNA and RNA) from a chemical standpoint. This would give the student an introduction
to the role of organic chemistry in molecular biology.

After dealing with the microscopic structures, we next explain microscopic chemical and
physical interactions. In section “D” below we include intermolecular forces, Avogadro’s
Number, the Ideal Gas Law, and kinetic theory completing this section with
electrochemistry and interfaces such as adhesion and lubricants.

All of these sections comprise the essential or core content of the course. The final
component of the course (Section “E” — italic typeface) is made up of a series of subjects
from which a number should be chosen by the teacher each year. These elective subjects are
all applications of chemistry. They should be integrated appropriately into the course and
include human chemistry and emerging technologies. The overall scheme of these sections,
the cross-cutting essentials, and the elective subjects crosscut relationship are shown
graphically in Figure 2 and listed in total on the following pages.

" However, lest the reader believe that the panel has produced an all or nothing set of recommendations, the
final recommendations will include improvements to the current program that do not require a total rewrite of
the Chemistry course.

11



Figure 2. A Hierarchy of Chemistry Content

- Biochemistry
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- Materials
- Natural vs. synthetic materials
- Pesticides
- Petroleum/petrochemical
- Phamaceuticals
- Portable power
- Separations
- Textiles
- Usable water

A. Crosscutting Essentials

- Ideal gas law (macroscopic)

- Kinetic theory (microscopic)

- Phase diagrams

- - Solutions & concentrations

- Chemical equations

- Rates of reactions

- Stoichiometry/Thermodynamics
- Electrochemistry

- Chemistry of interfaces

- Atomic Structure * Common chemicals and their
- Beyond elements properties

Molecules . 2
— Chemica Bonds

1. Safety: Personal Protective Equipment, fire extinguishers, etc.
Wikipedia (chemical data resource), MSDS, LDs,
2. Laboratory skills — measurement, graphing, uncertainty, handling/disposal of

chemicals,...
3. The Scientific Method

a. Data Handling: SI Units and conversions (physics, biology, math),

real life examples of mistakes originating from improper conversion of units,
such as Mars Landing, airplane incidents and accidents.

b. Planning, Recording and Reporting (Writing Lab reports!)

c. Data Acquisition using state-of-the-practice methodology: “Probeware”,
computers, graphing calculators, lab-on-a chip, etc

d. Modeling and simulation (web-based or computer-based)—e. g., nano-hub

4. Risk Benefit Assessment

5. Mathematics as the mechanism to quantify results

B. Macroscopic Properties — why is Chemistry Useful and Important

1. Matter — illustrate via the periodic table

- Elements and atoms (not subatomic structure)

- Three phases of matter (ordinary terrestrial conditions): gas, liquid, solid.
- Gases — compressible fluid — He, Ne, N», earth’s atmosphere, steam
- Liquids — incompressible fluid — Hg, Ga, LN,, liquid water
- Solids — resist deformation and change in volume — Si, Fe, diamond,

graphite, ice

- Introduce phase changes (boiling, solidification, sublimation)
- What influences phase: intermolecular attractions,

12



2. Comparisons of properties found in various phases - Use the elements C, He, Rn,
Si, Al, Fe, Hg at STP and relate to periodic table

Property Real world applications

-density (He balloon rises, Radon gas safety in
basement, weight of Hg vs Fe vs Al)

-compressibility (iron wheel/auto tire, tennis ball/golf
ball)

-viscosity (automobile oil, molasses, belly flop on
water to illustrate importance of
timescale)

-heat capacity (necessary to continuously heat a warm-

air balloon compared with heat stored in
a Fe frying pan; water as a coolant in
car radiators)

-thermal conductivity (insulation effectiveness — gas versus
condensed phase, He in thermal
windows)

-electrical conductivity (metal (Al, Fe, Hg), semiconductor (Si,
graphite), non-metal (He, Rn,
diamond))

3. Matter under varying temperature/pressure conditions

- Phase diagrams — water (ice, liquid, steam), CO, (solid, gas), He, Al, Fe

- Plasmas (occurring at much higher temperatures, examples of sun, arc

cutters, flat panel displays)

4. Interaction Phenomena between phases

- concentration as prerequisite for following discussion (molarity; ppm)

- solubility/miscibility (solutions vs. mixtures; cleaning)

- colligative properties (salt for ice melting on walkways, home ice cream)

- surfactants (soaps/detergents - oil vs. water salad dressing; cleaning)

C. Chemical Structures (Microscopic)

1. Atomic structure
-isotopes
-atomic mass
-1/2 life
2. Beyond Elements — an introductory, motivating look at more complex building
blocks: molecules, nanostructures.
- Nitrogen, Oxygen, Water, Carbon dioxide, Nitrogen oxides — simple
atmospheric molecules
- Carbon (C) Diamond (gem, grit), graphite (lubricant), amorphous (carbon
black tire filler), fullerenes and nanotubes (allotropes of carbon, bridging the
various size scales from molecules to nanostructures to bulk)
- CdSe color change as function of nanocrystal size to highlight size effect
- Hydrocarbons (example of C and H) - methane (natural gas), propane (fuel
gas), octane (gasoline)

13



- Sugars (example of C, H, and O - glucose, fructose, sucrose,...) —
illustrating richness of carbon chemistry and coming attraction to the
complexity of biomolecules

3. Common Chemicals and their Properties
- Formulas and nomenclature as a pre-requisite to the following:
- Acids(hydrochloric [HCI, stomach acid], nitric [HNO3, reagent for
explosives, fertilizers], sulfuric [H,SO4, auto battery], phosphoric [HPOs,
coca cola], acetic [H3CCO,H, vinegar],
oxalic [HO,CCO,H, concrete prep], ascorbic [vitamin C],..)
- Bases (NaOH [lye], Ca(OH)2 [slaked lime, lawn ”sweetner”], Mg(OH)2
[milk of magnesial....)
- Binary salts (e.g., NaCl [table salt], CaCl2 [drying agent], BCI3 [synthetic
reagent], CCl4 [dry cleaning solvent], etc.)
- Complex salts (e.g., sulfates, carbonates, phosphates,..)
- Saturated hydrocarbons (methane [natural gas], ethane, propane [fuel gas],
butane [fuel gas], isobutane . .. octane [gasolene paradigm], ...polyethylene)
- Unsaturated hydrocarbons (acetylene [fuel for high temperature torches],
propylene, butylene,... )
- Alcohols (methanol, ethanol, isopropanol, butanol,..; solvents, antiseptics)
- Ketones (acetone,...; polar solvent, nail polish remover)
- Aromatics (benzene, toluene, xylene, ...; non-polar solvents)
- Polymers (polyethylene, polytetrafluoroethylene [teflon], polypropylene,
polyester, polystyrene, etc.)
- Polysaccharides (carbohydrates from sugars [monosaccharides] - starch,
cellulose)
- Polypeptides ( example of C, H, O, and N - proteins from amino acids)
- Polynucleic acids (example of C, H, O, N, and P - DNA/RNA)

4. Chemical Bonds
-Periodic Properties (use observed periodicity and trends to establish families
and the periodic table)
- “Combining capacity”
- Valence electrons
- Degree of electron sharing - covalent, ionic, metallic
- Bond orientations — ionic radial, covalent directional, metallic complex mix

D. Chemical and Physical Interactions (Microscopic)

1. Intermolecular forces (cause liquification, solidification, e.g., mp, bp of molecular
materials; critical to many biological processes)--provide “scale” of forces vs. type
of bond
- dipoles (permanent moments), induced dipoles (dispersion)
- H-bonding*, a particularly important variant of dipole/dipole [critical to
water properties and protein folding]
- bond scale construct to illustrate different types, strengths, distance
dependence
2. Molar Relationships and Avogadro’s number (Avogadro Constant)
3. STP (need establish standard temperature (Kelvin) and pressure)
4. Ideal Gas Law (PV =nRT)

14



- Boyle’s, Charles’s and Avogadro’s Laws
- Dalton’s Law (relate to SCUBA diving rules)
- molecular collisions,
- pressure (vacuum systems, hot air balloons, tires, air bags, etc.), examples
of unit conversions
5. Kinetic Theory
- pressure, temperature, volume
- vapor pressure
- specific heat capacity
- colligative properties
6. Phase diagram
- phase changes
- molar heats of fusion and vaporization
- phase boundary / coexistence — relative humidity
- matter under extreme conditions-supercritical point (decaf coffee)
7. Solutions and concentrations (Molarity)
-parts per million (ppm)
-pH and acid/base (Bronsted)
-titrations
-electrolytic strength
-solubilities / partitioning (coefficient)
8. Chemical equations and stoichiometry
-types of equations/reactions (e.g., acid-base, redox, substitution, etc.)
-balancing equations
9. Rates of reactions
- activation energy (barrier)
- collisions (attempt frequency - pre exponential factor)
- catalysts
10. Thermodynamics
- equilibrium
-(1** and 2™ Laws related to endo- and exothermic)
11. Electrochemistry (redox)
- batteries
- electroplating
12. Interfaces
- adhesion
- lubricants (i.e., friction reduction)
- corrosion
- adsorbants
- surfactants/micelles (i.e., phase-transfer agents)
- lipid bilayers vs. vesicles/micelles
- colloid

E. Applications of Chemistry: Elective Subjects (and outer circle in diagram)

Adhesives / Sealers / Lubricants

Biochemistry

Cleaning/solvents

Coatings, elastimers, & adhesives (includes paint)
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Corrosion and Aging (prevention)

Cosmetics

Distillations

Electrochemistry (batteries & plating)

Emerging Technologies (molecular electronics, printable electronics, tissue
engineering, genetic engineering, laboratory on a chip, smart textiles, ....)
Environmental (ozone depletion, global warning gases, algae blooms, asbestos,
radon, ...monitoring, remediation, nuclear waste disposal, biodegradability,
recycling,...)

Food Science (sweeteners, additives, colors, fragrances, flavors, cooking/baking)
Forensic science / analytical methods

Fuels (contemporary: wood — “cellulose”, gasoline — “octane ”, propane,
alternatives: hydrogen, biomass, ethanol, ...)

Horticulture (pesticides, fertilization, genetic modification)

Human chemistry (genomics, proteomics, cellular processes, toxicity, digestion,
metabolism, ...)

Hydrogels / solgels, etc

Natural vs synthetic materials (polymers/plastics, ceramics, composites, alloys)
Petroleum / petrochemical

Pharmaceuticals

Portable Power - batteries, fuel cells

Separations

Textiles

Usable water (hard water, potable water, sewage treatment)

Because there are so many new approaches, new interfaces, and new content in the
team’s recommendation, and because new technology and knowledge continues to grow
exponentially with time'', there was one final recommendation: to use a 21 Century
technology (invented at the closing of the 20™ Century) for teachers to share information and
promote continuous learning in a timely way. This technology is the electronic bulletin
board, sometimes referred to as a “wiki” and is an example of open-source courseware. A
“wiki” can be set up to allow many users to contribute their own information and comment
on others contributions. An excellent example is the on-line “Wikipedia”'2. In addition to
allowing the timely dissemination of discoveries and information that would take years to
appear in a textbook, the wiki allows teachers and professional scientists to form a
“network” to efficaciously grow and mature ideas, lesson plans, and laboratory modules.

1 Please see chapters 1-3 of Ray Kurzweil’s book, “The Singularity is Near”. Viking Press
(2005)

12 For a nice summary of the founding and operation of the Wikipedia, please see the article
“All he News That’s Fit to Print Out” by Jonathon Dee in the New York Times Magazine,
Sunday, July 1, 2007, pp 34-39 or simply Google “wikipedia” on-line to investigate first
hand.

16



A summary of results from the panel fell into four main areas as follows:

General:
o
o
o
Laboratories:

©)

The traditional science disciplines are becoming increasingly
outmoded as an appropriate taxonomy for secondary school
education. A key illustration of this point is modern biology,
increasingly molecular in content and thereby critically dependent on
knowledge of chemistry. Further, learning occurs best when content
is reiterated with increasing levels of sophistication — rather than the
single year “bites” of biology, chemistry and physics. The growing
technological manifestations of science need to be rooted in a greater
appreciation of engineering principles and approaches. Virginia
should begin serious exploration of restructuring its curriculum and
Standards of Learning in an integrated mode such as that advocated
by Lederman, e.g., Science and Engineering 1, 2, 3, 4.

Chemistry relates real-world phenomena to fundamental abstract
principles that are discovered through observation and laboratory
methodology and then expressed quantitatively in the language of
mathematics and qualitatively in the written word.

To better motivate the importance and usefulness of chemistry, the
order of teaching Chemistry should be from physical world observed
phenomena (macroscopic) to fundamental building blocks
(microscopic). (Macroscopic Properties -> Chemical Structures ->
Chemical and Physical Interactions). This new approach may require
new intellectual agility from Chemistry teachers to move back and
forth between these layers of understanding.

Laboratories should comprise about 20% of class time throughout the
year and teachers should have freedom to choose which topics they
complement/integrate with laboratories.

Laboratories must integrate into the chemistry topics, make use of
state of the practice equipment and methodologies (eg: modeling and
simulation, lab on a chip), ensure good data handling, and must
include written lab reports to communicate the process and results.
Laboratory principles and practice must be included in the assessed
content.

Teachers should partner with universities and work-world laboratories
to develop laboratory modules — particularly in contemporary
research areas.

Contemporary Applications and Emerging Technologies:

O

Chemistry applications, including contemporary uses of chemistry in
the physical world and emerging technologies, must be integrated into
the chemistry content and included in assessed content.
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Open Source Courseware:
o The Virginia Department of Education should support a website (a
wiki perhaps) to which teachers can add laboratory modules and
contemporary applications as they develop and use them. A
collaborative effort with other states and/or NSF would accelerate
progress in this effort.
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APPENDIX A

Short Biographies of Chemistry Team Members:

Dr. Joel Faircloth — Assistant Professor, Department of Crop and Environmental
Sciences, Tidewater Agricultural Research and Extension Center, Virginia Polytechnic
Institute and State University. BS (Wildlife and Fisheries) NC State; MS (Entomology)
NC State; Ph.D. (Crop Science) NC State. Dr. Faircloth has had previous appointments
at NC State Urban Entomology Lab and Department of Agronomy Macon Ridge
Research Station, LSU.

Dr. Gus Gerrans - Professor of Chemistry, University of Virginia. B.Sc (Chemistry
Honors) Rhodes University, Grahamstown S.A.; Ph.D. (Chemistry) Cambridge
University, U.K. Dr. Gerrans previously worked in industry at Fry’s Metals and Seravac
Laboratories and taught for 30 years at University of Witwatersond, Johannesburg, S.A.
He has also served as Director for Education and Information Resources at Chemical and
Allied Industries Association, S.A..

Dr. Rob Hinkle - Associate Professor of Chemistry, College of William & Mary. AB
(Summa Cum Laude, Chemistry) Bowdoin College; Ph.D (Organic Chemistry)
University of Utah. Dr. Hinkle previously held positions as Visiting Scholar at Indiana
University and Research Scientist and NIH Postdoctoral Fellow at the University of
California, Irvine. His current research is in catalytic use of Bi(IIl) compounds for the
synthesis of ethers and the chemistry of iodonium salts.

Mr. Chris Hodge - Chemist, CBR (Chemical, Biological, and Radiological) Concepts &
Experimentation Branch, Naval Surface Warfare Center, Dahlgren. BS (Chemistry)
Tennessee Technological University, MS (Bioorganic Chemistry) University of South
Carolina. Mr. Hodge works primarily on formulation and development of chemical and
biological decontamination systems and subsequent efficacy and materials compatibility
testing. He previously worked as a process chemist in industry.

Dr. Henry McGee - Founding Dean Emeritus, Virginia Commonwealth University.
Ph.D. (Chemical Engineering) Georgia Tech. Prior to founding the School of
Engineering at VCU, Dr. McGee served as Head of the Chemical Engineering
Department at Virginia Tech for 10 years and as Director of the Chemical and Transport
Systems Division at NSF where he developed the research area now known as “green
chemistry and engineering”. He began his career working on fuels and propulsion at
NASA Marshall Space Flight Center and is perhaps most well-known for his 1991 book,
“Molecular Engineering”.



Dr. Jim Murday — Director of Physical Sciences, University of Southern California,
Research Advancement Office. BS (Physics) Case Western Reserve University; Ph.D.
(Solid State Physics) Cornell. Dr. Murday previously served for 20 years as
Superintendent of the Chemistry Division at the Naval Research Laboratory (MD) after
working as a bench scientist and as leader of the Surface Chemistry effort there. He has
also served as Acting Director of Research for DoD Research and Engineering, Chief
Scientist for the Office of Naval Research (ONR), and as Director, National
Nanotechnology Coordination Office.

Mr. Lennie Routten - Laboratory Supervisor, Northrop-Grumman Newport News. BS
(Biochemistry) Virginia Tech. Mr. Routten has more than 30 years industry experience
in analytical and environmental chemistry. He is currently chairman of the Hampton City
School Board.

Dr. Mia Siochi - Assistant Head, Advanced Materials & Processing Branch, NASA
Langley Research Center. BS (Chemistry) Ateneo de Manila University, Philippines;
MS (Chemistry) Virginia Tech; Ph.D. (Materials Engineering Science) Virginia Tech.
Dr. Siochi’s current research areas of interest are polymer physics and nanomaterials
development. She previously carried out research in the area of bionanotechnology and
biologically inspired materials.

Mr. Tom Wavering — Vice President, Technologies Development Division, Luna
Innovations Incorporated. BS (Electrical Engineering), Virginia Tech; MS (Electrical
Engineering) Virginia Tech. His main areas of interest include polymers, coatings,
biomaterials, nanomaterials, elastomers, composites, alloys, and gels. Mr. Wavering
previously worked for Computer Sciences Corporation and as a research scientist on
advanced sensors for Luna where he helped found Luna’s Charlottesville Office in Health
and Materials Science. He serves as a reviewer for several journals including
Microlithography and Microfabrication.

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. Mr.
Batterson most recently served as Deputy Director for Strategic Development. He 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). Dr. Sapp previously served as a
pilot in the Navy, retiring as a Captain. He 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 (2 Excerpts)
National Science Education Standards (Excerpts)
A “Critique” of the National Science Education Standards
Leon Lederman on Science Reform
Fordham Institute Rankings of State Science Standards
Advanced Chemistry Course Content Panel Standards
International Baccalaureate (IB) Chemistry Syllabus
College Boards Advanced Placement (AP) Chemistry Outline
Thomas Jefferson Governor’s School (Fairfax) Courses
Virginia Science Standards of Learning (SOL)
Virginia SOL Chemistry Curriculum Framework
California Standards of Learning — Physics/Chemistry/Earth Science
Massachusetts Standards of Learning — Physical Sciences
South Carolina Standards of Learning — Chemistry
Blooms Taxonomy

Comparing Some National and International Assessments












A Brief Introductlon 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 inschools 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, exposure 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 Unit'ed 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 nat10nw1de attendmg
school in approximately 15,000 school divisions.

2 In 1992, only twenty-two out of sixty-one high school mathematlcs 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.

? 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). '

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.

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 curnculum 1910; 400 teacher tralmng
(normal) schools by 1900. ;

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)

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); Computatlonal technology double
exponent1a1 growth (Moore s Law)

Today 2030: ?? Pohtlcal ECOl‘lOl‘l‘llC 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
Natlonal 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 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”. : ‘ o

The standards are revised eVéry 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. That is,
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 Webandby
the next generation Internet. The task of the Engineering team is not too much different

4 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.



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

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 pohtlcally 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).









KENTUCKY SURVEY OF
CRITICAL TECHNOLOGIES:
Highlights

Kentucky Science and Engineering Foundation
An initiative of:

KSTC

Sponsored by:

. HORIZOMNRESEARCH
P_repared by i t @ r o= ot i oo o1yoa |
: S EnT UG
. Py W N S K Yy e
Supported with State Funds through: § _ff GOUHC”
S Y

(o]

June 2004



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 Summa

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

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

¢ Seventy-nine (79) percent 6f these teachers were familiar
with the concept of Alternative Fuels while only 2% had that
same familiarity with Proteomics

'y 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 four 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 B Discil

“While there was wide disparity between these concepts, there were clearly some
“disciplines” that, as a whole, were more recognized and integrated than others.

© 2004 Kentucky Science and Technology Corporation Page 8



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.

e “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 concepts 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 famlhanty with most of these concepts than did middle school teachers.

Summar of Curnculum 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.

© 2004 Kentucky‘Science and Technology Corporation Page 9



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 chrrently 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 approprlate, 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 knowledgeé among middle and high school
teachers regarding specific concepts related to five areas of new and emerging technologles.

» 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

o Comfort level with integrating the concepts into the
classroom

e Current or future plans for teaching these concepts to
students .

e Interest in learning more

s 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 fwe scientific areas.

© 2004 Kentucky Science and Technology Corperation ' Page 10



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.

¢ Region (Eastern Kentucky, Western Kentucky, and Central)
e Percent of students receiving free lunch
o 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. ' - '

© 2004 Kentucky Science and Technology Corporation Page 11



SUMMARY TABLES (TOTAL RESULTS)

Percent Of Teachers Aware Of Concept

o

Stem Cells (99%) —_—

\lternative Fuels (89%) —————

(83%) ————
Fuel Coll (18%) N

" Biodefense (70%) —————

(62%) ———
(58%) —

(51%) _—\

- Geeen Technalogy (42%) EE—

(28%) —
Rioremedintion 24%) =

Bioinformatics (12%) —————

| — Getie Therapy (93%):

| .t énu%“c\-m (88%)
L 9%
————

(171%)

/—;—— RMTU RN (68%)

|/~ Nanotechnology (60%)

|~ Genomics (54%)
Biopolymers (50%)

| — Smart Materials (41%)

/—'— Pop o2t s e ve (36%)

| Celestial Slillillg (27%)
| e (22%)

| Protcomics (5%)
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Ve ~.

Percent Of Teachers Familiar With Concept*

l 100% |

srnative Faclks (799 .
Ahternative Puels (79%) —————— Stem Cells (78%)

Gene Therapy (74%) —\J

Biosciences [_|

Human Health And ]
' Development
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Information Technology
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Materials Science And m
Advanced Manufacturing
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0,
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* Summary of “extremely/very/somewhat familiar” with concept.
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Percent Of Teachers That Understand Concept
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Grades 9 through 12

' Humans have never lost interest in trying to find out how the universe is put

together how it works, and where they fit in the cosmic scheme of things. The
development of our understanding of the architecture of the universe is surely
not complete, but we have made great progress. Given a universe that is made

up of distances too vast to reach and of particles too small to see and foo

numerous to count, it is a tribute o human inteliigence that we have imade as
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much progress as we have in accounting for how things fit together. All humans
should participate in the pleasure of coming to know their universe better.
? Science for All Americans

One of the grand success stories of science is the uhiﬁcation of the physical universe. It turns
out that all natural objects, events, and processes are connected to each other in such a way .
that only a relatively few concepts are needed to make sense of them.

In a way, this fact complicates efforts to delineate what students should know about the
makeup and structure of the universe. Any one arrangement of topics inevitably neglects many
cross-connections among topics. In the arrangement used here (and also in Science for All
Americans), benchmarks dealing with gravity, electromagnetism, and scale appear in several
different sections. For example, 4A: The Universe, 4B: The Earth, 4F: Motion, and 4G: Forces
of Nature are intimately linked by ideas of gravitational attraction and immense scales of
distance, mass, and time. And 4D: Structure of Matter, 4E: Energy Transformations, and 4G:
Forces of Nature are linked by ideas of electromagnetism and minute scales of distance,
mass, and energy. Benchmarks for any section are connected to others and should be read in

the context of the others.

The physical universe is a subject in which many ideas make high demands on students'
comprehension and imagination. Students in elementary school can only begin to form notions
of stars and matter. The drastically different scales of astronomical and atomic phenomena
can be learned only over many years. But it is important that all students develop a sense of
the context of place, time, and physical interactions in which their lives occur. Students in the
early years are especially curious about how the world works.

Consequently, there is a dilemma about when to introduce ideas into the curriculum. On the
~one hand, rushing to teach elementary students about atoms or galaxies is not likely to be
productive. Most students will only learn to recite facts about them, with little comprehension.

On the other hand, discussion and images about such imponderables are common in the
popular media, and avoiding them seems unreasonable. The curriculum can focus on
experiences and ideas that are accessible to children-for example, how different other planets
are from the earth, or the different kinds of materials found in nature. And it can build in
precursors to eventual understanding, such as observable motions in the sky and observable

changes in materials. :

Chapter  View

A. The Universé Contents “Research . Also See...

—In-earlier times, people everywhere were-much-more aware of the-stars-and-were-familiar-with——

them in ways that few people today are. Back then, people knew the patterns of stars in the
night sky, the regularity of the motions of the stars, and how those motions related to the

seasons. They used their knowledge to plan the planting of crops and to navigate boats. The
- constellations, along with the sun, the moon, and the "wanderers"-the planets-have always
figured in the efforts of people to explain themselves and their world through stories, myths,

religions, and philosophies.

http://www.project2061.org/publications/bsl/online/ch4/ch4.htm . 1/12/2007.
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For all of that, and for the sheer wonder the stars provoke on a clear, moonless night far from
city lights-awe that has inspired the expressive powers of poets, musicians, and artists-science

(" is not needed. Why, then, insist that everyone become familiar with the heavens as portrayed
by science? Consider that in cities the night sky is no longer a familiar part of a person's
neighborhood. Many people today live in circumstances that deprive them of the chance to see
the sky often enough to become personally familiar with it. Fortunately, telescopes,
photography, computers, and space probes make up the difference by revealing more of the
cosmos in greater detail than ever before. Thus, science education can bring back the sky-not
the same sky, but one that is richer and more varied than people's eyes alone had ever led
them to imagine.

Finding our place in the cosmic scheme of things and how we got here is a task for the ages-
past, present, and future. The scientific effort to understand the universe is part of that
“enduring human imperative, and its successes are a tribute to human curiosity,
resourcefulness, intelligence, and doggedness. If being educated means having an informed
'sense of time and place, then it is essential for a person to be familiar with the scientific
aspects of the universe and know something of its origin and structure.

In thinking about what students should learn about the heavens, at least three aspects of the
current scientific view ought to be taken into account: (1) the composition of the cosmos and its
scale of space and time; (2) the principles on which the universe seems to operate; and (3)
how the modern view of the universe emerged. The benchmarks in this section deal primarily
with composition and scale; principles are dealt with in subsequent sections of the chapter,
and some rudiments of the history of the scientific picture appear in Chapter 10: Historical
Perspectives. :

. .. Chapter
Kindergarten through Grade 2 Contents

During these years, learning about objects in the sky should be entirely observational and
qualitative, for the children are far from ready to understand the magnitudes involved or to
‘make sense out of explanations. The priority is to get the students noticing and describing
what the sky looks like to them at different times. They should, for example, observe how the
moon appears to change its shape. But it is too soon to name all the moon's phases and much
too soon to explain them. -

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

e There are more stars in the sky than anyone cah easily count, but they are not
scattered evenly, and they are not all the same in brightness or color.

« The sun can be seen only in the daytime, but the moon can be seen sometimes at
night and sometimes during the day. The sun, moon, and stars all appear to

move slowly across the sky.

o The moon looks a little different every day, but looks the same again about every
four weeks. : ’

; ' Chapter
| Grades 3through 5 Contents
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Students should begin to develop an inventory of the variety of things in the universe. Planets
can be shown to be different from stars in two essential ways-their appearance and their
motion. When a modest telescope or pair of binoculars is used instead of the naked eyes,
stars only look brighter-and more of them can be seen. The brighter planets, however, clearly
are disks. (Not very large disks except in good-sized telescopes, but impressive enough after
seeing a lot of stars.) The fixed patterns of stars should be made more explicit, although
learning the constellation names is not important in itself. When students know that the star
patterns stay the same as they move across the sky (and gradually shift with the seasons),
they can then observe that the planets change their position against the pattern of stars.

Once students have looked directly at the stars, moon, and planets, use can be made of
photographs of planets and their moons and of various collections of stars to point out their
variety of size, appearance, and motion. No particular educational value comes from
memorizing their names or counting them, although some students will enjoy doing so. Nor
should students invest much time in trying to get the scale of distances firmly in mind. As to
numbers of stars in the universe, few children will have much of an idea of what a billion is;
thousands are enough of a challenge. (At this stage, a billion means more than a person could
ever count one-at-a-time in an entire lifetime.)

Students' grasp of many of the ideas of the composition and magnitude of the universe has to
grow slowly over time. Moreover, in spite of its common depiction, the sun-centered system
seriously conflicts with common intuition. Students may need compelling reasons to really
abandon their earth-centered views. Unfortunately, some of the best reasons are subtle and
make sense only at a fairly high level of sophistication.

Some ideas about light and sight are prerequisite to understanding astronomical phenomena.
Children should learn early that a large light source at a great distance looks like a small light
source that is much closer. This phenomenon should be observed directly (and if possible,
photographically) outside at night. How things are seen by their reflected light is a difficult

~concept for children at this age, but is probably necessary for them to learn before phases of
the moon will make sense.

By the end of the 5th grade, students should know that
o The patterns of stars in the sky stay the same, aIthough they appear to move
across the sky nightly, and different stars can be seen in different seasons.

o Telescopes magnlfy the appearance of some distant objects in the sky, mcludmg
the moon and the planets. The number of stars that can be seen through
telescopes is dramatically greater than can be seen by the unaided eye.

o Planets change tneir positions against the background of stars.

e The earth is one 6f several planets that orbit the sun, and the moon orbits around
the earth.

« Stars are like the sun, some being smaller and some larger, but so far away that
they look like points of light.

L. ‘Chapter
Grades 6 through 8  Contents
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Students should add more detail to their picture of the universe, pay increasing attention to
matters of scale, and back up their understanding with activities using a variety of astronomical
tools. Student access to star finders, telescopes, computer simulations of planetary orbits, or a
planetarium can be useful at this level. Figuring out and constructing models of size and
distance-for example, of the planets within the solar system-is probably the most effective
activity. Models with three dimensions are preferable to pictures and diagrams. Everyone
should experience trying to fashion a physical model of the solar system in which the same
scale is used for the sizes of the objects and the distances between them (as distinct from
most illustrations, in which distances are underrepresented by a factor of 10 or more).

Some experiences with how apparent positions of objects differ from different points of
observation will make plausible the estimation of distances to the moon and sun. Finding
distances by triangulation and scale drawings will help students to understand how the
distances to the moon and sun were estimated and why the stars must be very much farther
away. (The dependence of apparent size on distance can be used to pose the historically
important puzzle that star patterns do not appear any larger from one season to the next, even
though the earth swings a hundred million miles closer to them.)

Using light years to express astronomical distances is not as straightforward as it seems.
(Many adults think of light years as a measure of time.) Beginning with analogs such as
"automobile hours" may help.

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

o The sun is a medium-sized star located near the edge of a disk-shaped galaxy of
stars, part of which can be seen as a glowing band of light that spans the sky on
a very clear night. The universe contains many billions of galaxies, and each
galaxy contains many billions of stars. To the naked eye, even the closest of
these galaxies is no more than a dim, fuzzy spot.

« The sun is many thousands of times closer to the earth than any other star. Light
from the sun takes a few minutes to reach the earth, but light from the next
nearest star takes a few years to arrive. The trip to that star would take the
fastest rocket thousands of years. Some distant galaxies are so far away that
their light takes several billion years to reach the earth. People on earth,

‘therefore, see them as they were that long ago in the past.

« Nine planets of very different size, composition, and surface features move
around the sun in nearly circular orbits. Some planets have a great variety of
moons and even flat rings of rock and ice particles orbiting around them. Some
of these planets and moons show evidence of geologic activity. The earth is
orbited by one moon, many artificial satellites, and debris.

o Large numbers of chunks of rock orbit the sun. Some of those that the earth
meets in its yearly orbit around the sun glow and disintegrate from friction as
they plunge through the atmosphere-and sometimes impact the ground. Other
chunks of rocks mixed with ice have long, off-center orbits that carry them close
to the 'sun, where the sun's radiation (of light and particles) boils off frozen
material from their surfaces and pushes it into a long, illuminated tail.
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. Chapter
Grades 9 through 12  Contents

This is the time for all of the pieces to come together. Concepts from physics and chemistry,
insights from history, mathematical ways of thinking, and ideas about the role of technology in
exploring the universe all contribute to a grasp of the character of the cosmos. In particular, the
role of gravity in forming and maintaining planets, stars, and the solar system should become
clear. The scale of billions will make better sense, and the speed of light can be used to
express relative distances conveniently.

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

« The stars differ from each other in size, temperature, and age, but they appear to
be made up of the same elements that are found on the earth and to behave ’
according to the same physical principles. Unlike the sun, most stars are in
systems of two or more stars orbiting around one another.

« On the basis of scientific evidence, the universe is estimated to be over ten
billion years old. The current theory is that its entire contents expanded
explosively from a hot, dense, chaotic mass. Stars condensed by gravity out of
clouds of molecules of the lightest elements until nuclear fusion of the light
elements into heavier ones began to occur. Fusion released great amounts of
energy over millions of years. Eventually, some stars exploded, producing
clouds of heavy elements from which other stars and planets could later
condense. The process of star formation and destruction continues.

« Increasingly sophisticated technology is used to learn about the universe. Visual,
radio, and x-ray telescopes collect information from across the entire spectrum
of electromagnetic waves; computers handle an avalanche of data and
increasingly complicated computations to interpret them; space probes send
back data and materials from the remote parts of the solar system; and
accelerators give subatomic particles energies that simulate conditions in the
stars and in the early history of the universe before stars formed.

« Mathematical models and computer simulations are used in studying evidence
from many sources in order to form a scientific account of the universe.

Chapter - o oNiew o
B. The Earth ' Contents Research - Also Sec...

An integrated picture of the earth has'to develop over many years, with some concepts being

__visited over and over again in new_contexts and greater detail. Some aspects can be learned
in science, others in geography; some parts can be purely descriptive, others must draw on
physical principles. The benchmarks in this section complement those of the previous section
that locate the earth in the cosmos and those of the following section that focus on the surface
of the earth. This arrangement does not imply any particular order of teaching. Often, teaching
}near-'at-hand phenomena before teaching the far-distant ones makes sense; on the other
hand, sometimes the near-to-far progression that makes sense cognitively may not correspond
to what interests children. ‘ .
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Perhaps the most important reason for students to study the earth repeatedly is that they take
'years to acquire the knowledge that they need to complete the picture. The full picture requires
the introduction of such concepts as temperature, the water cycle, gravitation, states of matter,
chemical concentration, and energy transfer. Understanding of these concepts grows slowly as
children mature and encounter them in different contexts.

The benchmarks here call for students to be able to explam two phenomena-the seasons and
the phases of the moon-that are usually not learned well. Most adults are unable to give even
approximately correct explanations for them. Most students are told by teachers what causes
the seasons and the phases of the moon, and they read about them without understanding.
Moon phases are difficult because of students' unfamiliarity with the geometry of light and
"seeing." To help figure out the geometry, students can act out the sun-earth-moon
relationships and make physical models. In trying to understand the seasons, students have
difficulties regarding geometry and solar radiation. Students need direct experience with light
and surfaces-shadows, reflection, and warming effects at different angles.

. Chapter
Kindergarten through Grade 2 Contents

There are many ways to acquaint children with earth-related phenomena that they will only
come to understand later as being cyclic. For instance, students can start to keep daily records
of temperature (hot, cold, pleasant) and precipitation (none, some, lots), and plot them by
week, month,-and years. It is enough for students to spot the pattern of ups and downs,

without getting deeply into the nature of climate. They should become familiar with the freezing
of water and melting of ice (with no change in weight), the disappearance of wetness into the
air, and the appearance of water on cold surfaces. Evaporation and condensation will mean
nothing different from disappearance and appearance, perhaps for several years, until
students begin to understand that the evaporated water is still present in the form of invisibly
small molecules.

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

e Some events in nature have a repeating pattern‘. The weather changes some from
day to day, but things such as temperature and rain (or snow) tend to be high,
low, or medium in the same months every year.

o Water can be a liquid or a solid and can go back and forth from one form to the
other. If water is turned into ice and then the ice is allowed to melt the amount of

water is the same as it was before freezing.

o Water left in an open container dlsappears, but water in a closed container does
not disappear.

cha}’iterb
Grades 3 through 5  Contents
Durin’g this period, students can begin to learn some of the surface features of the earth and
also the earth's relation to the sun, moon, and other planets Films, computer simulations, a
Eplanetanum and telescopic observations will help, but it is essential that all students,

" sometimes working together in small groups, make physical models and explain what the
models show. At the same time, students can begin learning about scale (counting,
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comparative distances, volumes, times; etc.) in interesting, readily understood activities and
readings. However, scale factors larger than thousands, and even the idea of ratios, may be

difficult before early adolescence.

An important point to be made along the way is that one cannot determine how the solar
system is put together just by looking at it. Diagrams show what the system would look like if
people could see it from far away, a feat that cannot be accomplished. Telescopes and other
instruments do provide information, but-a model is really needed to make sense out of the
information. (The realization that people are not able to see, from the outside, how the solar
system is constructed will help students understand the basis for the Copernican Revolution

when the topic arises later.)

In making diagrams to show, say, the relative sizes of the planets and the distances of the
planets from the sun, students may try to combine them using a single scale-and quickly
become frustrated. Perhaps this can lead to a discussion of the general limits of graphic
methods (including photographs) for showmg reality. In any case, at this stage a rough picture
~ of the organization of the solar system is enough.

Water offers another important set of experiences for students at this level. Students can-
conduct investigations that go beyond the observations made in the earlier grades to learn the
connection between liquid and solid forms, but recognizing that water can also be a gas, while
much more difficult, is still probably accessible. Perhaps the main thrust there is to try to figure
~out where water.in an open container goes. This is neither self-evident nor easy to detect. But

the water cycle is of such profound importance to life on earth that students should certainly
have experiences that will in time contribute to their understanding of evaporation,
condensation, and the conservation of matter.

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

o Things on or near the earth are pulled toward it by the earth's gravity.

« Like all planets and stars, the earth is approximately spherical in shape. The
rotation of the earth on its axis every 24 hours produces the night-and-day cycle.
To people on earth, this turning of the planet makes it seem as though the sun,
moon, planets, and stars are orbiting the earth once a day.

e When liquid water disappears, it turns into a gas (vapor) in the air and can
reappear as a liquid when cooled, or as a solid if cooled below the freezing point
of water. Clouds and fog are made of tiny droplets of water.

o Airis a substance that surrounds us, takes up space, and whose movement we
feel as wind.

' Chapter
Grades 6 through 8  Contents

Students can now consolidate their prior knowledge of the earth (as a planet) by adding more
details (especially about climate), getting a firmer grasp of the geometry involved in explaining
the seasons and phases of the moon, improving their ability to handle scale, and shifting their
frame of reference away from the earth when needed. An inevitable paradox of the large
scales involved is that an ocean that is difficult to imagine being 7 miles deep also can be
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considered a "relatively thin" layer on the earth's surface. Students should exercise their
understanding of the paradox, perhaps by debating provocative questions such as "Is the
ocean amazingly deep or amazingly shallow?"

Gravity, earlier thought of as acting toward the ground, can by now be thought of as acting
toward the center of the spherical earth and reaching indefinitely into space. It is also time for
students to begin to look at the planet's role in sustaining life-a complex subject that involves
many different issues and benchmarks. In this section, the emphasis is on water and air as
essential resources. ,

The cause of the seasons is a subtle combination of global and orbital geometry and of the
effects of radiation at different angles. Students can learn part of the story at this grade level,
but a complete picture cannot be expected until later.

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

o We live on a relatively small planet, the third from the sun in the only system of
planets definitely known to exist (although other, similar systems may be
discovered in the universe).

« The earth is mostly rock. Three-fourths of its surface is covered by a relatively

- thin layer of water (some of it frozen), and the entire planet is surrounded by a
relatively thin blanket of air. It is the only body in the solar system that appears
able to support life. The other planets have compositions and conditions very
different from the earth's.

o Everything on or anywhere near the earth is pulled toward the earth's center by
gravitational force.

« Because the earth turns daily on an axis that is tilted relative to the plane of the
earth's yearly orbit around the sun, sunlight falls more intensely on different
parts of the earth during the year. The difference in heating of the earth's surface
produces the planet's seasons and weather patterns.

« The moon's orbit around the earth once in about 28 days changes what part of
the moon is lighted by the sun and how much of that part can be seen from the
earth-the phases of the moon.

« Climates have sometimes changed abruptly in the past as a result of changes in
the earth's crust, such as volcanic erupttons or impacts of huge rocks from
space. Even relatively small changes in atmospheric or ocean content can have
widespread effects on climate if the change lasts long enough.

« The cycling of water in and out of the atmosphere plays an important role in

 determining climatic patterns. Water evaporates from the surface of the earth,

rises and cools, condenses into rain or snow, and falls again to the surface. The
water falling on land collects in rivers and lakes, soil, and porous layers of rock,
and much of it flows back into the ocean.

o Fresh water, limited in supply, is essential for life and also for most industrial
processes. Rivers, lakes, and groundwater can be depleted or polluted,
becoming unavailable or unsuitable for life.
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» Heat energy carried by ocean currents has a strong influence on climate around
the world. -

o Some minerals are very rare and some exist in great quantities, but-for practical
purposes-the ability to recover them is just as important as their abundance. As
minerals are depleted, obtaining them becomes more difficult. Recycling and the
development of substitutes can reduce the rate of depletion but may also be

costly.

o The benefits of the earth's resources-such as fresh water, air, soil, and trees-can
be reduced by using them wastefully or by deliberately or inadvertently
destroying them. The atmosphere and the oceans have a limited capacity to
absorb wastes and recycle materials naturally. Cleaning up polluted air, water, or
soil or restoring depleted soil, forests or fishing grounds can be very difficult

and costly.

Chapter

Grades 9 through 12  contents

Two important strands of understanding can now be pulled together to enrich students' views
of the physical setting. One strand connects such physical concepts and principles as energy,
gravitation, conservation, and radiation to the descriptive picture that students have built in
their minds about the operation of the planets. The other strand consists of the Copernican
Revolution, which illustrates the place of technology, mathematics, experimentation, and
theory in scientific breakthroughs. In the context of thinking about how the solar system is put
together, this historical event unites physics and astronomy, involves colorful personalities, and
raises deep philosophical and political issues.

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

« Life is adapted to conditions on the earth, including the force of gravity that
enables the planet to retain an adequate atmosphere, and an intensity of
radiation from the sun that allows water to cycle between liquid and vapor.

o Weather (in the short run) and climate (in the long run) involve the transfer of
energy in and out of the atmosphere. Solar radiation heats the land masses,
oceans, and air. Transfer of heat energy at the boundaries between the
atmosphere, the land masses, and the oceans results in layers of different
temperatures and densities in both the ocean and atmosphere. The action of

~ gravitational force on regions of different densities causes them to rise or fall-
and such circulation, influenced by the rotation of the earth, produces winds and

ocean currents.

C. Processes that Shape the Earth  cContents  Research

-vAvlso See...

Students should learn what causes earthquakes, volcanos, and floods and how those events
shape the surface of the earth. Students, however, may show more interest in the phenomena
than in the role the phenomena play in sculpting the earth. So teachers should start with
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students’ immediate interests and work toward the science. Students may find it harder to take
seriously the less-obvious, less-dramatic, long-term effects of erosion by wind and water,
annual deposits of sediment, the creep of continents, and the rise of mountains. Students'
recognition of those effects will depend on an improving sense of long time periods and
familiarity with the effect of multiplying tiny fractions by very large numbers (in this case, slow
rates by long times).

Students can start in the early grades with the ways in which organisms, themselves included,
modify their surroundings. As people have used earth resources, they have altered some earth
systems. Students can gradually come to recognize how human behavior affects the earth's
capacity to sustain life. Questions of environmental policy should be pursued when students
become interested in them, usually in the middle grades or later, but care should be taken not
to bypass science for advocacy. Critical thinking based on scientific concepts and
understanding is the primary goal for science education.

“Chapter
Kindergarien through Grade 2  Contents

Teaching geological facts about how the face of the earth changes serves little purpose in
these early years. Students should start becoming familiar with all aspects of their immediate
surroundings, including what things change and what seems to cause change. Perhaps
"changing things" can be a category in a class portfolio of things students observe and read
about. At some point, students can start thinking up and trying out safe and helpful ways to
change parts of their environment.

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

e Chunks of rocks come in many sizes and shapes, from boulders to grains of
sand and even smaller.

e Changeis sométhing that happens to many things.

e Animals and plants sometimes cause changes in their surroundings.

. Chapter
Grades 3 through 5  Contents

In these years, students should accumulate more information about the physical environment,
becoming familiar with the details of geological features, observing and mapping locations of
hills, valleys rivers, etc., but without elaborate classification. Students should also become
adept at using magnlﬁers to inspect a variety of rocks and soils. The point is not to classify
ngorously but to notice the variety of components.

- Students should now observe elementary processes of the rock cycle-erosion, transport, and

deposit. Water and sand boxes and rock tumblers can provide them with some firsthand
examples. Later, they can connect the features to the processes and follow explanations of
how the features came to be and still are changing. Students can build devices for

demonstrating how wind and water shape the land and how forces on materials can make
3vr|nkles folds, and faults. Films of volcanic magma and ash ejection dramatize another source -
of buildup.

http://www.project2061.org/publications/bsl/online/ch4/ch4.htm 1/12/2007



BOL Ch. 4--The Physical Setting ’ ' Page 12 of 31

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

o Waves, wind, water, and ice shape and reshape the earth’s land surface by
eroding rock and soil in some areas and depositing them in other areas,
sometimes in seasonal layers.

¢ Rock is composed of different combinations of minerals. Smaller rocks come
from the breakage and weathering of bedrock and larger rocks. Soil is made
partly from weathered rock, partly from plant remains-and also contains many
living organisms.

. Chapter ~
Grades 6 through 8  Contents

At this level, students are able to complete most of their understanding of the main features of
the physical and biological factors that shape the face of the earth. This understanding will still
be descriptive because the theory of plate tectonics will not be encountered formally until high -
school. Of course, students should see as great a variety of landforms and soils as possible.

It is especially important that students come to understand how sedimentary rock is formed
periodically, embedding plant and animal remains and leaving a record of the sequence in
which the plants and animals appeared and disappeared. Besides the relative age of the rock
layers, the absolute age of those remains is central to the argument that there has been
enough time for evolution of species. The process of sedimentation is understandable and

. observable. But imagining the span of geologic time will be difficult for students.

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

e The interior of the earth is hot. Heat flow and movement of material within the
earth cause earthquakes and volcanic eruptions and create mountains and ocean
basins. Gas and dust from large volcanoes can change the atmosphere.

e Some changes in the earth's surface are abrupt (such as earthquakes and
volcanic eruptions) while other changes happen very slowly (such as uplift and
wearing down of mountains). The earth's surface is shaped in part by the motion
of water and wind over very long times, which act to level mountain ranges.

« Sediments of sand and smaller particles (sometimes containing the remains of
organisms) are gradually buried and are cemented together by dissolved
minerals to form solid rock again.

e Sedimentary rock buried deep enough may be reformed by pressure and heat,

__perhaps melting and recrystalllzmg into different kinds of rock. These re-formed
rock layers may be forced up again to become land surface and even mountains.
Subsequently, this new rock too will erode. Rock bears evidence of the minerals,
temperatures, and forces that created it.

o Thousands of layers of sedimentary rock confirm the long history of the
changmg surface of the earth and the changing life forms whose remains are
found in successive layers. The youngest layers are not always found on top,
because of foldmg, breaking, and uplift of layers.

http://www.project2061.org/publications/bsl/online/ch4/ch4.htm , 1/12/2007



BOL Ch. 4--The Physical Setting Page 13 of 31

« Although weathered rock is the basic component of soil, the composition and
texture of soil and its fertility and resistance to erosion are greatly influenced by
plant roots and debris, bacteria, fungi, worms, insects, rodents, and other
organisms.

« Human activities, such as reducing the amount of forest cover, increasing the
amount and variety of chemicals released into the atmosphere, and intensive
farming, have changed the earth's land, oceans, and atmosphere. Some of these
changes have decreased the capacity of the environment to support some life
forms.

) Chapter
Grades 9 through 12  Contents

The thrust of study should now turn to modern explanations for the phenomena the students
have learned descriptively and to consideration of the effects that human activities have on the
earth's surface. Knowledge of radioactivity helps them understand how rocks can be dated,
which helps them appreciate the scale of geologic time. |

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

« Plants alter the earth's atmosphere by removing carbon dioxide from it, using the
carbon to make sugars and releasing oxygen. This process is responsible for the
oxygen content of the air. .

o The formation, weathering, sedimentation, and reformation of rock constitute a
continuing "rock cycle" in which the total amount of material stays the same as
its forms change.

« The slow movement of material within the earth results from heat flowing out
from the deep interior and the action of gravitational forces on regions of
different density.

o The solid crust of the earth-including both the continents and the ocean basins-
consists of separate plates that ride on a denser, hot, gradually deformable layer
of the earth, The crust sections move very slowly, pressing against one another
in some places, pulling apart in other places. Ocean-floor plates may slide under
continental plates, sinking deep into the earth. The surface layers of these plates

may fold, forming mountain ranges.

. Earthquakes often occur along the boundaries between colliding plates, and
molten rock from below creates pressure that is released by volcanic eruptions,
helping to build up mountains. Under the ocean basins, molten rock may well up

- —between-separating-plates-to-create-new-ocean-floor. Volcanic-activity along the ..

ocean floor may form undersea mountains, which can thrust above the ocean's
surface to become islands.

} Ch t . i “Vi '. i, S o 12.
D. The Structure of Matter Contents ' Research . ‘AlsoSee...
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This section may have the most implications for students' eventual understanding of the
picture that science paints of how the world works. And it may offer great challenges too.
Atomic theory powerfully explains many phenomena, but it demands imagination and the
joining of several lines of evidence. Students must know about the properties of materials and
their combinations, changes of state, effects of temperature, behavior of large collections of
pieces, the construction of items from parts, and even about the desirability of nice, simple
explanations. All of these elements should be introduced in middle school so the unifying idea
of atoms can begin by the end of the 8th grade.

The scientific understanding of atoms and molecules requires combining two closely related
ideas: All substances are composed of invisible particles, and all substances are made up of a
limited number of basic ingredients, or."elements." These two merge into the idea that
combining the particles of the basic lngredlents differently leads to millions of materials with

different properties.

Students often get the idea that atoms somehow just fill matter up rather than the correct idea
that the atoms are the matter. Middle-school students also have trouble with the idea that
atoms are in continual motion. Coming to terms with these concepts is necessary for students
to make sense of atomic theory and its'explanatory power.

The strategy here is to describe the complexity of atoms gradually, using evidence and
explanations from several connected story lines. Students first learn the notion that atoms
make up objects, not merely occupy space inside them; then they are introduced to crystal
arrays and molecules. With this understanding, they can imagine how molecules and crystals
lead to visible, tangible matter. Only then should the study of the internal structure of atoms be

taken up.

Bringing atomic and molecular theory into the earlier grades is a great temptation, but most
students are not ready to understand atomic theory before adolescence. The theory is certainly
essential to much of modern scientific explanation, but movmg atomic/molecular theory
forward to the earlier grades should be resisted. The tiny size and huge number of atoms in
even a sand grain are vastly beyond even adult experience. Having students memorize the
names of invisible things and their parts gets things backward and wastes time. Concrete
perceptions must come before abstract explanations. Students need to become familiar with
the physical and chemical properties of many different kinds of materials through firsthand
experience before they can be expected to consider theones that explain them.

There seems to be no tidy and consnstent way to relate the terms atom molecule, ion,
polymer, and crystal. A facility in discussing these terms will grow slowly over time. Students
should also not rush into discussions of nuclear theory. The abstractions are too formidable.
The emptiness of the atom and its electrical balance, isotopes, decay, and radiation challenge

_the human mind. The preparations for these concepts should be developed carefully over
several years so they can converge in high school.

. Chapter
Kindergarten through Grade 2 -~ “Contents

§Students should examine and use a wide variety of objects, categorizing them according to
their various observable properties. They should subject materials to such treatments as
mixing, heating, freezing, cuttlng, wetting, dissolving, bendmg, and exposing to light to see how
they change. Even though it is too early to expect precise reports or even consistent results
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from the students, they should be encouraged to describe what they did and how materials
responded.

Students should also get a lot of experience in constructing things from a few kinds of small
parts ("Tinkertoys" and "Legos"), then taking them apart and rearranging them. They should
begin to consider how the properties of objects may differ from properties of the materials they
are made of. And they should begin to inspect things with a magnifying glass to discover
features not visible without it.

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

o Objects can be described in terms of the materials they are made of (clay, cloth,
paper, etc.) and their physical properties (color, size, shape, welght texture,
flexibility, etc.).

e Things can be done to materials to change some of their properties, but not all
materials respond the same way to what is done to them.

. ..‘Chapter
Grades 3 through 5  Contents

The study of materials should continue and become more systematic and quantitative.
Students should design and build objects that require different properties of materials. They
should write clear descriptions of their designs and experiments, present their findings
whenever possible in tables and graphs (designed by the students, not the teacher), and enter
their data and results in a computer database.

Objects and materials can be described by more sophisticated properties-conduction of heat
and electricity, buoyancy, response to magnets, solubility, and transparency. Students should
measure, estimate, and calculate sizes, capacities, and weights. If young children can't feel the
weight of something, they may believe it to have no weight at all. Many experiences of
weighing (if possible on increasingly sensitive balances)-including weighing piles of small
things and dividing to find the weight of each-will help. It is not obvious to elementary students
that wholes weigh the same as the sum of their parts. That idea is preliminary to, but far short
of, the conservation principle to be learned later that weight doesn't change in spite of striking
changes in other propertles as long as all the parts (including invisible gases) are accounted
for ,

With magnifiers, students should inspect substances composed of large collections of
particles, such as salt and talcum powder, to discover the unexpected details at smaller scales.
They should also observe and describe the behavior of large collections of pieces-powders,
marbles, sugar cubes, or wooden blocks (which can, for example, be "poured” out of a

container) and consider that the collections may have new properties that the pieces do not.

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

+ Heating and cooling cause changes in the properties of materials. Many kinds of
changes occur faster under hotter conditions.

¢ No matter how parts of an object are assembled the weight of the whole object
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made is always the same as the sum of the parts; and when a thing is broken into
parts, the parts have the same total weight as the original thing.

o Materials may be composed of parts that are too small to be seen without
magnification.

e When a new material is made by combining two or more materials, it has
properties that are different from the original materials. For that reason, a lot of
different materials can be made from a small number of basic kinds of materials.

' ‘Chapter
Grades 6 through 8  Contents

The structure of matter is difficult for this grade span. Historically, much of the evidence and
reasoning used in developing atomic/molecular theory was complicated and abstract. In
traditional curricula too, very difficult ideas have been offered to children before most of them
had any chance of understanding. The law of definite proportions in chemical combinations, so
obvious when atoms (and proportions) are well understood, is not likely to be helpful at this
level. The behavior of gases-such as their compressibility and their expansion with
temperature-may be lnvestlgated for qualitative explanation; but the mathematics of
quantitative gas laws is likely to-be more confusing than helpful to most students. When
students first begin to understand atoms, they cannot confidently make the distinction between
atoms and molecules or make distinctions that depend upon it-among elements, mixtures, and
compounds, or between "chemical" and "physical" changes. An understanding of how things
happen on the atomic level-making and breaking bonds-is more important than memorizing the
official definitions (which are not so clear in modern chemistry anyway). Definitions can, of '
course, be memorized with no understanding at all. '

Going into details of the structure of the atom is unnecessary at this level, and holding back
makes sense. By the end of the 8th grade, students should have sufficient grasp of the general
idea that a wide variety of phenomena can be explained by alternative arrangements of vast
numbers of invisibly tiny, moving parts. Possible differences in atoms of the same element
should be avoided at this stage. Historically, the identical nature of atoms of the same element
was an assumption of atomic theory for a very long time.

When isotopes are introduced later, to explain subsequent observations, they can be a
surprise and a lesson in the nature of progress in science. The alternative-teaching atoms'
variety at the same time as the notion of their |dentlty-seems Ilkely to be prohibitively confusing
to most students. , ,

To that end, students should become familiar with characteristics of different states of matter-
now including gases-and transitions between them. Most important, students should see a
__great many examples of reactions between_substances that produce new substances very
different from the reactants. Then they can begin to absorb the rudiments of atomic/molecular
theory, being helped to see that the value of the notion of atoms lies in the explanations it
provides for a wide variety of behavior of matter. Each new aspect of the theory should be
developed as an explanation for some observed phenomenon and grasped fairly well before
going on to the next.

By the end of the 8th grade, students should know that
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« All matter is made up of atoms, which are far too small to see directly through a
microscope. The atoms of any element are alike but are different from atoms of
other elements. Atoms may stick together in well-defined molecules or may be
packed together in large arrays. Different arrangements of atoms into groups
compose all substances. ‘

« Equal volumes of different substances usually have different weights.

o Atoms and molecules are perpetually in motion. Increased temperature means
greater average energy of motion, so most substances expand when heated. In
solids, the atoms are closely locked in position and can only vibrate. In liquids,
the atoms or molecules have higher energy, are more loosely connected, and can
slide past one another; some molecules may get enough energy to escape into a
gas. In gases, the atoms or molecules have still more energy and are free of one
another except during occasional collisions.

e The temperature and acldlty of a solution influence reaction rates. Many
substances dissolve in water, which may greatly facilitate reactlons between

them.

o Scientific ideas about elements were borrowed from some Greek philosophers of
2,000 years earlier, who believed that everything was made from four basic
substances: air, earth, fire, and water. It was the combinations of these
"elements" in different proportions that gave other substances their observable
properties. The Greeks were wrong about those four, but now over 100 different

~ elements have been identified, some rare and some plentiful, out of which
everything is made. Because most elements tend to combine with others, few
elements are found in their pure form. v

o There are groups of elements that have similar properties, including highly
reactive metals, less-reactive metals, highly reactive nonmetals (such as
chlorine, fluorine, and oxygen), and some almost completely nonreactive gases
(such as helium and neon). An especially important kind of reaction between
substances involves combination of oxygen with something else-as in burning or
rusting. Some elements don't fit into any of the categories; among them are
carbon and hydrogen, essential elements of living matter.

¢ -No matter how substances within a closed system interact with one another, or

" how they combine or break apart, the total weight of the system remains the
same. The idea of atoms explains the conservation of matter: If the number of |
atoms stays the same no matter how they are rearranged, then their total mass
stays the same.

. Chapter
“Grades 9through™2 Contents

Understanding the general architecture of the atom and the roles played by the main
constituents of the atom in determining the properties of materials now becomes relevant.
Having learned earlier that all the atoms of an element are identical and are different from
those of all other elements, students now come up against the idea that, on the contrary,
atoms of the same element can differ in important ways. This revelation is an opportunity as
well as a complication-scientific knowledge grows by modifications, sometimes radical, of
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previous theories. Sometimes advances have been made by neglecting small inconsistencies,
and then further advances have been made later by attending closely to those inconsistencies.

Students may at first take isotopes to be something in addition to atoms or as only the unusual,
unstable nuclides. The most important features of isotopes (with respect to general scientific
literacy) are their nearly identical chemical behavior and their different nuclear stabilities.
Insisting on the rigorous use of isotope and nuclide is probably not worthwhile, and the latter

term can be ignored.

The idea of half-life requires that students understand ratios and the multiplication of fractions,
and be somewhat comfortable with probability. Games with manipulative or computer
simulations should help them in getting the idea of how a constant proportional rate of decay is
consistent with declining measures that only gradually approach zero. The mathematics of
inferring backwards from measurements to age is not appropriate for most students. They
need only know that such calculations are possible.

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

 Atoms are made of a positive nucleus surrounded by negative electrons. An
- atom's electron configuration, particularly the outermost electrons, determines
how the atom can interact with other atoms. Atoms form bonds to other atoms by
transferring or sharing electrons.

» The nucleus, a tiny fraction of the volume of an atom, is composed of protons
and neutrons, each almost two thousand times heavier than an electron. The
number of positive protons in the nucleus determines what an atom's electron
configuration can be and so defines the element. In a neutral atom, the number of
electrons equals the number of protons. But an atom may acquire an unbalanced
charge by gaining or losing electrons. :

e Neutrons have a mass that is nearly identical to that of protons, but neutrons
have no electric charge. Although neutrons have little effect on how an atom
interacts with others, they do affect the mass and stability of the nucleus.
Isotopes of the same element have the same number of protons (and therefore of
electrons) but differ in the number of neutrons.

» The nucleus of radioactive isotopes is unstable and spontaneously decays,
emitting particles and/or wavelike radiation. It cannot be predicted exactly when,
if ever, an unstable nucleus will decay, but a large group of identical nuclei decay
at a predictable rate. This predictability of decay rate allows radioactivity to be
used for estimating the age of materials that contain radioactive substances.

» Scientists continue to investigate atoms and have discovered even smaller
constituents of which neutrons and protons are made.

« When elements are listed in order by the masses of their atoms, the same
sequence of properties appears over and over again in the list.

 Atoms often join with one another in various combinations in distinct molecules
or in repeating three-dimensional crystal patterns. An enormous variety of
biological, chemical, and physical phenomena can be explained by changes in
the arrangement and motion of atoms and molecules.
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 The configuration of atoms in a molecule determines the molecule's properties.
Shapes are particularly important in how large molecules interact with-others.

« The rate of reactions among atoms and molecules depends on how often they
encounter one another, which is affected by the concentration, pressure, and
. temperature of the reacting materials. Some atoms and molecules are highly
effective in encouraging the interaction of others.

E. Energy Transformations Contonts Research " Al80 5.
Energy is a mysterious concept, even though its various forms can be precisely defined and

" measured. At the simplest level, children can think of energy as something needed to make
things. go, run, or happen. But they have difficulty distinguishing energy needs from other
needs-plants need water to live and grow; cars need water, oil, and tires; people need sleep,
etc. People in general are likely to think of energy as a substance, with flow and conservation
analogous to that of matter. That is not correct, but for most people it can be an acceptable
analogy. Although learning about energy does not make it much less mysterious, it is worth
trying to understand because a wide variety of scientific explanations are difficult to follow
without some knowledge of the concept of energy.

Energy is a major exception to the principle that students should understand ideas before
being given labels for them. Children benefit from talking about energy before they are able to
define it. Ideas about energy that students encounter outside of school-for example, getting
"quick energy" from a candy bar or turning off a light so as not to "waste energy"- may be
imprecise but are reasonably consistent with ideas about energy that we want students to

learn.

Three energy-related ideas may be more important than the idea of energy itself. One is
energy transformation. All physical events involve transferring energy or changing one form of
. energy into another-radiant to electrical, chemical to mechanical, and so on. A second idea is
the conservation of energy. Whenever energy is reduced in one place, it is increased
somewhere else by exactly the same amount. A third idea is that whenever there is a
transformation of energy, some of it is likely to go lnto heat WhICh spreads around and is
~ therefore not available for use.

Heat energy itself is a surprisingly difficult idea for students who thoroughly confound it with
the idea of temperature. A great deal of work is requnred for students to make the distinction
successfully, and the heat/temperature distinction may join mass/weight, speed/acceleration,
and power/energy distinctions as topics that, for purposes of literacy, are not worth the

_extraordinary time_required to_learn them.Because dissipated heat energy is at a lower
temperature, some students' confusion about heat and temperature leads them to infer that the
amount of energy has been reduced. On the other hand, some students' idea that dissipated
heat energy has been "exhausted" or "expended" may be tolerably close to the truth. -

Similarly, units and formulas for kinetic and. potential energy are more difficult than they are

worth for the semiquantitative understanding that we seek here. But the notion of potential
energy is still useful for some situations in which motion might occur (for example, gravitational
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energy in water behind a dam, mechanical energy in a cocked mousetrap, or chemical energy
Jin a flashlight battery or sugar molecule).

Work, in the specialized sense used in physics, is often considered a useful, even necessary,
concept for dealing with ideas of energy. These benchmarks propose to do without a technical
definition of work for purposes of basic literacy, because it is so greatly confused with the
common English-language meaning of the word. The calculation of work as force times
distance is not essential to understanding many important ideas about energy. Running makes
you tired; rubbing your hands together makes them warmer; coming out of water makes you

feel cool.

Older students can grasp these ideas in a general way, but even they should not be expected
to understand them deeply. For young students, it may be enough at first to convince them that
energy is needed to get physical things to happen and that they should get in the habit of
wondering where the energy came from. Then, as they study physical, chemical, and biological
systems, many opportunities arise for them to see the many different forms energy takes and
to find out how useful the energy concepts are.

Teachers have to decide what constitutes a sufficient understanding of energy and its
transformations and conservation. As the benchmarks below indicate, in harmony with Science
for All Americans, qualitative approximations are more important and should have priority.
Much time can be invested in having students memorize definitions-for heat, temperature,
system, transformation, entropy, and the like-with little to show for it in the way of
understanding.

. Chapter
Kindergarten through Grade 2  Contents

No effort to introduce energy as a scientific idea ought to be organized in these first years. If
children use the term energy to indicate how much pep they have, that is perfectly all right, in
that the meaning is clear and no technical mischief has been done. By the end of the 2nd
grade, students should be familiar with a variety of ways of making things go and should
consider "What makes it go?" to be an interesting question to ask. Once they learn that
batteries wear down and cars run out of gasoline, turning off unneeded appliances can be said
to "save on batteries" and "save on gas.” The idea that is accessible at this age is that keeping
anything going uses up some resource. (Little is gained by having children answer, "Energy.")

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

« The sun warms the land, air, and water.

ey .. Chapter
Grades 3 through 5  ‘Contents

Investing much time and effort in developing formal energy concepts can wait. The importance
of energy, after all, is that it is a useful idea. It helps make sense out of a very large number of
things that go on in the physical and biological and engineering worlds. But until students have
reached a certain point in their understanding of bits and pieces of the world, they gain little by
having such a tool. It is a matter of timing.
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_The one aspect of the energy story in which students of this age can make some headway is
Jheat, which is produced almost everywhere. In their science and technology activities during
these years, students should be alerted to look for things and processes that give off heat-
Iights, radios, television sets, the sun, sawing wood, polishing surfaces, bending things,
running motors, people, animals, etc.-and then for those that seem not to give off heat. Also,
the time is appropriate to explore how heat spreads from one place to another and what can
be done to contain it or shield things from it.

Students' ideas of heat have many wrinkles. In some situations, cold is thought to be

- transferred rather than heat. Some materials may be thought to be intrinsically warm (blankets)
or cold (metals). Objects that keep things warm-such as a sweater or mittens-may be thought
to be sources of heat. Only a continuing mix of experiment and dlscussmn is I|kely to dispel

these ideas.

Students need not come out of this grade span understanding heat or its difference from
temperature. In this spirit, there is little to be gained by having youngsters refer to heat as heat
energy. More important, students should become familiar with the warming of objects that start
out cooler than their environment, and vice versa. Computer labware probes and graphic
dnsplays that detect small changes in temperature and plot them can be used by students to
examine many instances of heat exchange. Because many students think of cold as a
substance that spreads like heat, there may be some advantage in translating descnptlons of
transfer of cold into terms of transfer of heat.

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

« Things that give off light often also give off heat. Heat is produced by mechanical
and electrical machines, and any time one thing rubs against something else.

 When warmer things are put with cooler ones, the warm ones lose heat and the
cool ones gain it until they are all at the same temperature. A warmer object can
warm a cooler one by contact or at a distance.

o Some materials conduct heat much better than others. Poor conductors can
reduce heat loss.

Chapter -
Grades 6 through 8  Contents

At this level, students should be introduced to energy primarily through energy transformations.
Students should trace where energy comes from (and goes next) in examples that involve
several different forms of energy along the way: heat, light, motion of objects, chemical, and
elastically distorted materials. To change something's speed, to bend or stretch things, to heat
-—or-cool them,to-push-things together-or-tear them-apart: all require-transfers (and some -
transformations) of energy. :

At this early stage, there may be some confusion in students' minds between energy and
energy sources. Focusing on energy transformations may get around this somewhat. Food,
gasoline, and batteries obviously get used up. But the energy they contain does not disappear;
it is changed into other forms of energy.

The most primitive idea is that the energy needed for an event must Come from somewhere.
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‘That should trigger chlldren s interest in asking, for any situation, where the energy comes from
'and (later) asking where it goes. Where it comes from is usually much more evident than
where it goes, because some usually diffuses away as radiation and random molecular motion.

A slightly more sophisticated proposition is the semiquantitative one that whenever some
energy seems to show up in one place, some will be found to disappear from another.
Eventually, the energy idea can become guantitative: If we can keep track of how much energy
of each kind increases and decreases, we find that whenever the energy in one place
decreases, the energy in other places increases by just the same amount. This energy-cannot-
be-created-or-destroyed way of stating conservation fully may be more intuitive than the
abstraction of a constant energy total within an isolated system. The quantitative (equal
amounts) idea should probably wait until high school.

‘Convection is not so much an independent means of heat transfer as it is an aid to transfer of
heat by conduction and radiation. Convection currents appear spontaneously when density
differences caused by heating (conduction and radiation) are acted on by a gravitational field.
(Though not in space stations, unless they are rotating.) But these subtleties are not

appropriate for most 8th graders.

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

o Energy cannot be created or destroyed, but only chahged from one form into
another.

e Most of what goes on in the umverse-from exploding stars and biological growth
to the operation of machines and the motion of people-lnvolves some form of
energy being transformed into another. Energy in the form of heat is almost
always one of the products of an energy transformation.

o Heat can be transferred through materials by the collisions of atoms or across
space by radiation. If the material is fluid, currents will be set up in it that aid the
transfer of heat.

« Energy appears in different forms. Heat energy is in the disorderly motion of
molecules; chemical energy is in the arrangement of atoms; mechanical energy
is in moving bodies or in elastically distorted shapes; gravitational energy is in
the separation of mutually attracting masses. '

v-'Cha;;ter
Grades 9 through 12  Contents

The concepts acquired in the earlier grades should now be extended to nuclear realms and

--—living-organisms.-Revisiting-energy concepts-in-new-contexts-provides-opportunities-to.improve .. . . ..

student understanding of the basic concepts and to see just how powerful they are.

Two other major ideas merit introduction during these years, but without resort to mathematics.
One of these is that the total amount of energy available for useful transformation is almost
always decreasing; the other is that energy changes on the atomic scale occur only in discrete
jumps. The first of those is not too difficult or implausible for students because they can
experience in many ways a wide variety of actions that give off heat. The emphasis should
probably be on the practical consequences of the loss of useful energy through heat

htne/ranxr nraiacrtINAT ara/mihlicatinne/hel/anline/rhd/chd htm ) 171217007



BOL Ch. 4--The Physical Setting ' Page 23 of 31

dissipation.

On the other hand, the notion that energy changes in atoms can occur in only fixed amounts
with no intermediate values is strange to begin with and hard to demonstrate. Some evidence
should be presented for this scientific belief but not in great detail. The easiest phenomenon to
show, which is also a major reason for including quantum jumps in literacy, is the discrete
colors of light emitted by separate atoms, as in sodium-vapor or mercury-vapor lights. Another
major reason for having students encounter the quantum idea is to illustrate the point that in
science it is sometimes useful to invent ideas that run counter to intuition and prior experience.

An important application of the atom/energy relationship to bring to the attention of students is
that the distinctive light energies emitted or absorbed by different atoms enable them to be
identified on earth, in our sun, and even on the other side of the universe. This fact is a prime
example of the "rules are the same everywhere" principle.

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

o Whenever the amount of energy in one place or form diminishes, the amount in
other places or forms increases by the same amount.

o Heat energy in a material consists of the disordered motions of its atoms or
molecules. In any interactions of atoms or molecules, the statistical odds are that
they will end up with less order than they began-that is, with the heat energy
spread out more evenly. With huge numbers of atoms and molecules, the greater
disorder is almost certain.

o Transformations of energy usually produce some energy in the form of heat,
which spreads around by radiation or conduction into cooler places. Although
just as much total energy remains, its being spread out more evenly means less
can be done with it.

« Different energy levels are associated with different configurations of atoms and
molecules. Some changes of configuration require an input of energy whereas
others release energy. :

o When energy of an isolated atom or molecule changes, it does so in a definite
jump from one value to another, with no possible values in between. The change
in energy occurs when radiation is absorbed or emitted, so the radiation also has
distinct energy values. As a result, the light emitted or absorbed by separate .
atoms or molecules (as in a gas) can be used to identify what the substance is.

« Energy is released whenever the nuclei of very heavy atoms, such as uranium or
plutonium, split into middleweight ones, or when very light nuclei, such as those

——— —of hydrogenand helium; combine into heavier ones. The energy releasediineach—

nuclear reaction is very much greater than the energy given off in each chemical

reaction.
. Chapter - View o ’ o
F. Motion Contents ‘Research ~ Also Ses...
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Nothing in the universe is at rest. Motion is as essential to understanding the physical world as
matter and energy are. Following the organization of Science for All Americans, the
benchmarks for motion constitute a wide range of topics, from the movement of objects to
vibrations and the behavior of waves. Rotary motion, as interesting as it is, poses much

- greater difficulties for students and is not included in the benchmarks.

The benchmarks for understanding the motion of objects and repeating patterns of motion do
not demand the use of equations. For purposes of science literacy, a qualitative understanding
is sufficient. Equations may clarify relationships for the most mathematically apt students, but
for many students they are difficult and may obscure the ideas rather than clarify them. For
example, almost all students can grasp that the effect of a force on an object's motion will be
greater if the force is greater and will be less if the object has more mass-but learning a=F/m
(which to many teachers seems like the same thing) is apparently much harder.

_Newton's laws of motion are simple to state, and sometimes teachers mistake the ability of
students to recite the three laws correctly as evidence that they understand them. The fact that
it took such a long time, historically, to codify the laws of motion suggests that they are not
self-evident truths, no matter how obvious they may seem to us once we understand them
well. Much research in recent years has documented that students typically have trouble
relating formal ideas of motion and force to their personal view of how the world works.

These are three of the obstacles:

1. A basic problem is the ancient perception that sustained motion requires sustained force.
The contrary notion that it takes force to change an object's motion, that something in
motion will move in a straight line forever without slowing down unless a force acts on it,
runs counter to what we can see happening with our eyes.

2. Limitations in describing motion may keep students from learning about the effect of
forces. Students of all ages tend to think in terms of motion or no motion. So the first task
may be to help students divide the category of motion into steady motion, speeding up,
and slowing down. For example, falling objects should be described as falling faster and
faster rather than just falling down. As indicated earlier, the basic idea expressed in
Newton's second law of motion is not difficult to grasp, but vocabulary may get in the way
if students have to struggle over the meaning of force and acceleration. Both terms have
many meanings in common language that confound their specialized use in science.

3. Like inertia, the action-equals-reaction principle is counterintuitive. To say that a book
presses down on the table is sensible enough, but then to say that the table pushes back
up with exactly the same force (which disappears the instant you pick up the book)

- seems false on the face of it.

What is to be done? Students should have lots of experiences to shape their intuition about

motion and forces long before encountering laws. Especially helpful are experimentationand =

discussion of what happens as surfaces become more elastic or more free of friction.

Vibrations treated only descriptively bring no special problems, other than the occasional
confusion caused by the word speed being used in English for both frequency and velocity.
Does a guitar string move quickly (back and forth a thousand times a second) or slowly (only
15 miles or so per hour)? Similarly, is the earth's rotation slow (once a day) or fast (1,000 miles
per hour at the equator)? In the overall story of motion, vibrations serve in good part to
introduce the ideas of frequency and amplitude. Because there are so many examples of
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vibrating systems that students can experience directly, they easily see vibration as a common
way for some things to move and see frequency as a measure of that motion.

Waves, on the other hand, present a greater challenge. Wave motion is familiar to children
through their experience with water. Surface waves on water provide the standard image of
what waves are, and ropes and springs can also be used to show some of the properties of
waves. Without formal schooling, young people learn that many other kinds of waves exist:
radio waves, x rays, radar, microwaves, sound waves, ultraviolet radiation, and more. But they
still might not know what these things are, how they relate to one another, what they have to
do with motion, or in what sense such waves are waves.

. ' ] “Chapter
Kindergarten through Grade 2 Contents

From the outset, students should view, describe, and discuss all kinds of moving things-
themselves, insects, birds, trees, doors, rain, fans, swings, volleyballs, wagons, stars, etc.-
keeping notes, drawing pictures to suggest their motion, and raising questions: Do they move
in a straight line? Is their motion fast or slow? How can you tell? How many ways does a
growing plant move? The questions count more than the answers, at this stage. And students
should gain varied experiences in getting things to move or not to move and in changing the
direction or speed of things that are already in motion. -

Presumably students will start "making music" from the flrst day in school, and this provides an
opportunity to introduce vibrations as a phenomenon rather than a theory With the drums,
bells, stringed and other instruments they use, including their own voices, they can feel the

“vibrations on the instruments as they hear the sounds. These experiences are important for

their own sake and at this point do not need elaboration.

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

o Thmgs move in many different ways, such as stralght zigzag, round and round,
back and forth, and fast and slow.
-« The way to change how something is moving |s to give it a push or a pull.

¢ Things that make sound vibrate.

Chapter
Grades 3 through 5 cContents

Students should continue describing motion. And they can be more expenmental and more

quantitative as their measurement skills sharpen. Determining the speed of fast things and
_slow things can present a challenge that students wnII readily respond to. They also can work

internalize the notion of force as a push or pull of one thing on another-whether rubber bands,
magnets, or explosions. '

Students should also increase their inventory of examples of periodic motion and perhaps
devise ways of measuring different rates of vibration. And students should use prisms to see
that white light produces a whole "rainbow" of colors. (The idea that white light is "made up of"
different colors is difficult and should be postponed to later grades.) There is nothing to be
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gained at this stage, however, from linking light to wave motion.

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

« Changes in speed or direction of motion are caused by forces. The greater the
force is, the greater the change in motion will be. The more massive an object is,

the less effect a given force will have.

« How fast things move differs greatly. Some things are so slow that their journey
takes a long time; others move too fast for people to even see them.

-Chapter
Grades 6 through 8  Contents

The force/motion relationship can be developed more fully now and the difficult idea of inertia
be given attention. Students have no trouble believing that an object at rest stays that way
unless acted on by a force; they see it every day. The difficult notion is that an object in motion
will continue to move unabated unless acted on by a force. Telling students to disregard their
eyes will not do the trick-the things around them do appear to slow down of their own accord
unless constantly pushed or pulled. The more experiences the students can have in seeing the
effect of reducing friction, the easier it may be to get them to imagine the friction-equals-zero

case.
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