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Introduction

STANLEY H. PINE

DEPARTMENT OF CHEMISTRY
CALIFORNIA STATE UNIVERSITY
5151 STATE UNIVERSITY DRIVE
LOS ANGELES, CA 90032

The National Science Education Standards (NSES), developed under the aegis of the National Research Council, are
in the words of Bruce Alberts, president of the National Academy of Sciences, and Richard Klausner, chairman of
the National Committee on Science Education Standards and Assessment—a "call to action." They are a battle cry to
all those who are concemed about science education: parents, educational administrators, scientists, the business
community, and especially teachers. The message is that new ways of teaching and leaming science are at hand; it is
in everyone's best interest that we succeed in changing science education to meet the needs of our citizens for the
twenty- first century. The NSES provide a way to reach the national goal of science literacy for all.

The NSES were released at a time of intense interest and action focused on leaming and teaching. They build on
several other notable studies and reports published over the past several years, yet they differ in that the major
emphasis is on goals for student learning rather than on specific course content. The standards emphasize "a new
way of teaching and leaming." They stress ultimate learning goals rather than define one specific route to achieving
these goals.

This is not to suggest that the standards do not provide content and pedagogical direction. In fact, they take the very
bold approach of expecting students to learn science in an active manner, patterned on the way that scientists do
science. The emphasis is on methods of inquiry and deductive reasoning based on qualitative observations and
quantitative data. The expectation is that science for all students should promote both excellence and equity and
involve "hands-on" as well as "minds-on" experiences.

Continuing its long-standing leadership role in promoting science education at all levels, the American Chemical
Society (ACS), through its Society Committee on Education (SOCED), was an active participant in the development
of the NSES. The ACS now takes the next step by providing this document, which is designed to assist teachers at
the 9-12 levels in addressing the leaming goals of the NSES in their own classrooms.

In the spirit of the NSES, this manual is not prescriptive. Rather, its many authors put the standards into perspective
by providing their personal views of what the standards imply for high school chemistry instruction and how the
standards can be used to modify instruction in a variety of classroom situations.

The booklet begins with a broad commentary about the standards from Henry Heikkinen of the University of
Northern Colorado, who was a major participant in their development, as well as the development of several other
reform efforts. He outlines his views on what students need to know about science within the context of the NSES.
Sylvia Ware of the ACS Education Division, who was also closely involved in the NSES development, looks at the
role that chemistry plays in the standards.

Michael Tinnesand, also from the ACS Education Division, then clarifies the idea of unifying concepts that flow
across the different science areas and thus exemplify the connections within and among the sciences. Diane Bunce
of Catholic University considers the question of what we mean by inquiry leaming, and Jerry Bell from the
American Association for the Advancement of Science follows with a specific example of an inquiry lab based on
the well-known "mystery powders." Michael Tinnesand, in a second contribution to this book, suggests approaches
to developing lesson plans using the NSES, and Patricia Smith, formerly of the U.S. Air Force Academy High
School, develops a model lesson plan on the topic of changes of state. Jerry Bell's second contribution brings forth
ideas on how the chemistry of life systems can be used as an exciting and relevant route to leaming chemistry.
Then, Bonnie Brunkhorst from California State University at San Bernardino provides examples to bring an earth
and space science context into the chemistry class. Ann Benbow from the ACS Education Division reminds us that
not only are technology concepts included in the NSES, but also there are skills standards related to technology that
need to be addressed when developing a "tech prep program."

Copyright 1997, 2002 American Chemical Society



O

ERIC

Aruitoxt provided by Eic:

Chemistry in the National Scicnce Education Standards

Conrad Stanitski from the University of Central Arkansas uses environmental issues to bring chemistry and societal
concems to students, incorporating some of the ChemCom materials. Mary Virginia Oma of the College of New
Rochelle helps us to see how historical events in science can bring the excitement of discovery to students while
leading them to modem principles.

Kate Scantlebury from the University of Delaware explores the role of the mentor teacher who supervises the
practicum of student teachers, given the new pedagogies promoted in the NSES. Dwaine and Lucy Eubanks from
Clemson University consider the very important issue of assessment of student leaming as addressed within the
standards. Ronald Archer of the University of Massachusetts reminds us that many students will go far beyond the
basic expectations of the NSES to a level equivalent to Advanced Placement, an option that is in no way
discouraged by the NSES. Finally, Sylvia Ware moves us away from the classroom to discuss support for the
classroom. She makes clear to administrators and politicians that reform requires resources and that these resources
must include professional development opportunities for current and future teachers.

The standards are the comerstone of our ongoing national efforts to improve the quality of science education for all
our students. Their implementation will require a long-term effort and adequate support from educators, policy
makers, and the broader public in order to accomplish the stated goals. Teachers will need support to continue their
professional development and to be rewarded for effectively implementing reform efforts in their classrooms. Those
at the college/university level who prepare our new teachers must change their approaches so as to model a range of
effective pedagogies to promote student learning. Those who control curricula and resources must stimulate and
promote a variety of strategies to meet the NSES goals. We really do not have any other acceptable choice!

Stanley Pine is a professor at California State University at Los Angeles and a former program officer at the National Science
Foundation, Division of Undergraduate Education. He is currently the chair of the ACS SOCED and of the SOCED Tusk Force
on the NSES.
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CHAPTER ONE
Thinking About Content Standards

HENRY W. HEIKKINEN

DEPARTMENT OF CHEMISTRY AND BIOCHEMISTRY
UNIVERSITY OF NORTHERN COLORADO

GREELEY, CO 80639

Two sets of comprehensive national guidelines now offer definitions of what all K- 12 students should know, understand, and be
able to do in all aspects of science, including, of course, chemistry. The National Science Education Standards (NSES)—produced
under the acgis of the National Research Council (NRC, 1996) and the Benchmarks for Science Literacy, developed by Project
2061, American Association for the Advancement of Science (AAAS,1993)—have already influenced science education reform
planning, policy, and action in many states and school districts.

The fundamental questions in chemistry education have remained unchanged since chemistry emerged as a secondary school
course in the early 1800s. They focus on three arcas of concern: learning, instruction, and assessment.

e What should students know and be able to do?

e How will they gct there?

e How will we know whether they have?

L
Although the questions have not changed, the answers have, depending on what we know at a particular time about chemistry,
learning, instruction, technology, and prevailing views about the purposes of schooling as well as economic and societal
prioritics.
Answers to these fundamental questions have been framed most recently in terms of standards and benchmarks. What should
students know and be able to do? The NSES content standards and Project 2061 benchmarks provide answers expressed in terms
of the fundamentals to be lcamed by every student. How will they get there? The NSES teaching standards and Project 2061 tools
and blucprints offer criteria regarding cffective instruction and curricula. In addition, NSES program and system standards spell
out the external support needed to create and sustain standards-based science classrooms. How will we know whether they have?
NSES asscssment standards and Project 2061's assessment blucprint provide guidanee on how to document student sueeess in
attaining standards-based goals and how such data can help inform and guide instruetion.

Now that learning goals in scienee for all K-12 students have been established nationally (with related state and local efforts
already accomplished or well under way), attention has turned to what standards imply for thinking, planning, and acting to
improve seience (and thus chemistry) teaching and learning. Many educators, parents, and community leaders are conscientiously
trying to build their own understanding about implications of standards-based reforms.

Unfortunately, these meaning-building efforts, while clarifying the reform agenda still ahead of us, have generated several
unfocused or misleading notions. Some of these misconceptions about standards-based science education are pervasive enough to
justify attention here, since they have implications for how major idcas discussed later in this book may be received or
interpreted.

Means vs. Ends

The ultimate goal of current chemistry education reforms is not to improve the quality of classroom instruction, develop better
textbooks or teaching units, implement better laboratory activities, or administer more authentic student assessments. Nor is the
goal to implement new instructional technologics, foster group work, or even use "hands-on/minds-on” strategies.

All of these approaches have considerable merit. However, their value lies in their respective contributions as means to a
common, unitary, well-focused end or goal: improved student learning of the central facts, ideas, and skills of science. From the
viewpoint of standards-based reform, the only "quality claim” that counts for any of these instructional ideas is that they clearly
contribute to the goal of improved science learning by students. They are all means to an end, not ends in themselves.

Standards vs. Curricula

The following "means vs. cnds” distinction can clarify the role and limitations of science content standards. Content standards
have approximately the same relationship to a school's curriculum as nutritional standards have to a particular dict or cuisine. It is
clear that nutritional standards ean guide the design of various diets and can help us judge their quality, but they do not dictate or
define any particular sequence of meals. Putting it plainly, we do not dine on nutritional standards, but rather on a variety of
meals that help us attain the desired level of nutrients. Likewise, strictly speaking, we do not teach (or even implement) content
standards, but rather we plan, implement, and deliver sequences of instruction (curricula) intended to help students attain those
learning goals.

Diversity vs. Unity

Even though there is one set of agreed-upon nutritional standards, we find a wide variety of dicts and cuisines across cultures and
nations, most of which (at least in principle) can satisfy those standards. In fact, we seck out and prize varicty and diversity in our
meal choices. (How many individuals clect to consume their full daily allotment of dairy products within onc meal?)

Similarly, content standards do not define or mandate any particular organization of science courses or the science curriculum.
There are many pathways to the set of learning goals defined by content standards or benchmarks.

Copyright 1997, 2002 American Chemical Socicty
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Where's the Chemistry?

1t's true that the word chemistry does not appear in either the table of contents or index of the NSES or Benchmarks for Seience
Literacy. However, it may be reassuring to chemistry educators to note that neither does "biology,” "physics," "geology," or
"astronomy."

The absence of these nouns as organizers for science content standards or benchmarks is not a cause for alarm. It does not
deprecate the historic importance of these branches of science or their utility as designators of current school science courses.
Rather, it reminds us that these documents do not describe courses or curricula; they simply map the intended facts, ideas, and
skills of science that all students—over their full K-12 experience—~should know, understand, or be able to do.

Howevecr, it is reassuring that the central facts, idcas, and skills of chemistry are clearly mapped within the eight defined
categories of NSES content standards: unifying concepts/processes in science, science as inquiry, physical science, life science,
earth/space science, science and technology, science in personal/social perspectives, and history/nature of science. That simply
acknowledges and reinforces chemistry's role as the "central science,” with applications and implications across all branches of
the natural sciences. (See also Chapter 2.}

NSES and Project 2061 benchmarks both emphasize that their presentations of valued learning goals within particularly named
clusters does not imply anything about how school teaching units, courses, or curricula should be organized. Confusion on this
point can be clarified, once again, by distinguishing means from ends: Just as specifying a journey's destination does not imply
any particular route or mode of transportation, organizing and presenting learning "ends"” are different from organizing the
instructional "means” used to reach them.

Given that perspective, it is not surprising that standards and benchmarks do not address the desirability of either discipline-based
or interdisciplinary/integrated approaches to curriculum design. However, the advent of content standards ensures that we can
initiate cross-disciplinary discussions about the science curriculum without the threat of "watering down" or compromising
valued chemistry learning for all students. Content standards ensure that o/ intended learning will remain on the curriculum
design table.

Some vs. All

A commonly expressed teacher reaction to a review of the chemistry content in NSES or Project 2061 benchmarks is, "We
already teach that." However, even though many secondary school chemistry courses include that content, two standards-based
obscrvations must be addresscd: The content standards apply to all students, not just students who currently elect to study high
school chemistry. (41l means every student, not just some or even many students enrolled in current chemistry courses.) Even
though the material is in fact taught to students, the more demanding standards-based expectation is that the specified content will
be learned by all students. Both points have clear implications for how secondary school standards-based science courses should
be organized and delivered and suggest that adopting content standards is only the first step in a much longer science education
reform agenda.

Floors vs. Ceilings

Some observers have expressed concern that content standards will reduce the richness of students' current science (or chemistry)
learning to a homogenized, lowest common denominator level. In other words, the thinking goes, students in a standards-based
school system will not pursue studies in science or chemistry that exceed the level and scope defined by content standards.

This worry is prompted by a confusion of floors for ceilings. Science content standards represent the basic level of science
understanding and skills that every student should carry away from K-12 studies. Content standards express the minimal level of
science learning expected by all students, a common floor for everyone. However, the "science for all” vision of standards does
not in any way preclude or discourage additional science-learning opportunities, enrichment, and course options for students
motivated and capable of pursuing them. Content standards define a science-learning floor, not a ceiling.

Standards vs. Content Standards

"Implemcnting standards” is sometimes taken to mcan only that the K-12 science curriculum supports student learning defined by
content standards. However, full implementation of the vision of NSES implies that five additional categories of standards are
addresscd: standards for science teaching, standards related to professional development for science teachers, standards for
assessment in science education, standards for science education programs, and standards for science education systems.

All five of these additional "flavors” of standards are fully described in the NSES document and are also addressed by Project
2061 blueprints. Thus, even in states or districts where locally developed policies have focused on K-12 standards for science
content, it rcmains important to consult these national documents. Helpful perspectives and support regarding thc need for
aligning all components of the educational system around explicit lcarning goals for students are found in those resources.

Inquiry vs. Content

Historically, chemistry teachers, and science teachers in general, have ofien debated whether classroom emphasis should be given
to the development (if any) of inquiry skills or to the development of science content. The advent of science content standards has
essentially undercut that debate. Inquiry is defined by NSES as one of cight categories of science content. As content, inquiry
includes both understanding about scientific inquiry and the abilities needed for students to do inquiry.

Thus, both the "knowing about" and "doing" aspects of scientific inquiry are integral parts of what it means to teach standards-
based science content. It is no longer inquiry vs. content in the teaching of chemistry; it is now inquiry as content.

Copyright 1997, 2002 American Chemical Society
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Can vs. Should

One objection sometimes expressed about science content standards or benchmarks is that many current students cannot, in fact,
master some or much of what is specified, particularly at the secondary school level. That objection is based on the assumption
that standards are intended to map—and should be judged by—what all students are presently capable of knowing and doing.

By contrast, content standards and benchmarks represent national consensus regarding what all students should be capable of
knowing and doing—a vision of what classroom instruction in science should develop in all students over the full K-12 program.
Thus, for example, science content standards for grades 9-12 are based on the assumption that students have previously mastered
all standards-based science expectations for grades K-4 and 5-8.

In that light, it is not surprising that many high school students today may not be able to master expectations defined in grades 9-
12 science standards. NSES and Project 2061 benchmarks were published in 1996 and 1993, respectively. Even if standards-
based reforms had been fully implemented upon their recent release, today’s high school science students would possess few
years of standards-based science background.

If standards-based science had been fully implemented in a school system in 1996, it would be 2007 before 11th-graders
possessed the knowledge and skills of a full standards-based K-10 science program. The proposition advanced by the developers
of standards and benchmarks is that such students will be capable of demonstrating much higher performance in all aspects of
secondary school science; that is, the science education vision defined by standards can eventually be realized.

It should be clear, given the above discussion, that identifying and proclaiming what all K-12 students should know, understand,
and do in chemistry is, comparatively speaking, the easiest part of the standards-based reform agenda. The remaining agenda
includes the need to align the curriculum, instruction, and student assessments with those intended student learnings. Success in
those efforts, in turn, depends on building clarity and shared interpretations of exactly what the adopted standards or benchmarks
imply regarding the scope, level, and depth of student learing.

One way to explore the key challenges and tasks ahead is to reflect on what teachers and school administrators should "know,
understand, and be able to do” about the implications of well-defined content standards, whether those standards focus on
chemistry or other valued science content. That's what this book is all about!

REFERENCES
AAAS (American Association for the Advancement of Sciencc). 1993. Benchmarks for Science Literacy. New York: Oxford
University Press.

NRC (National Research Counceil). 1996. National Science Education Standards. W ashington, DC: National Academy Press.

Henry W. Heikkinen is a professor of chemistry and the director of the Mathematics and Science Teaching Center at the
University of Northern Colorado. He participated in the development of NSES, co-chaired the Colorado State Model Content
Standards working group, serves as a consultant to AAAS Project 2061, and is a member of the College Board's Science
Academic Advisory Committce.
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CHAPTER TWO
Chemistry in the National Science Education Standards

SYLVIA A. WARE

EDUCATION DIVISION
AMERICAN CHEMICAL SOCIETY
1155 SIXTEENTH STREET, NW
WASHINGTON, DC 20036

Some chemistry teachers, on reading the National Science Education Standards (NSES) for grades 9-12, havc concluded that
"therc is not much chemistry in the standards” and that they are already teaching chemistry at a levcl that far exceeds the national
standards. The first conclusion is inaccurate; the second is probably inaccurate as applied to the majority of chemistry teachers,
given the content of the traditional introductory chemistry course and the ways in which this material is typically introduced to
students.

One reason for this confusion is that, as Heikkinen clarified in Chapter 1, the word chemistry is not used to identify any particular
segment of content in the standards. The fundamental science concepts and principles in the standards were selected to cover "the
intellectual and cultural traditions that characterize the practice of contemporary science.” Where we find chemistry content in the
NSES depends on our definition of the intellectual territory of modern chemistry.

Former ACS president Ronald Breslow (1997) has described the territory of chemistry as follows:

Chemistry is the science that trics to understand the properties of substances and the changes that substances
undergo.lt is concerned with substances that occur naturally—the minerals of the carth, the gases of the air, the water
and salts of the scas, the chemicals found in living creatures—and alse with ncw substances created by humans. It is
concerned with natural changes—the burning of a trec that has been struck by lightning, the chemical changes that are
central to life—and also with new transformations invented and created by chemists.

This view of chemistry obviously covers a more diverse intellectual territory than is conveyed by most introductory chemistry
courscs. Since so few students takc more than introductory chemistry courses, the burden is on these courses to present an
accuratc and comprehensive view of our discipline. Chemistry is not only a physical science but also an carth science, a life
scicnee, an environmental seicnec, a matcrials scicnce, and—as Breslow illustrates most cffcctively in his book—"the ccntral,
useful, and creative science.”

Thosc who arc comfortable with this view of modern chemistry have no difficulty finding chemistry concepts and principles
throughout the content standards (NRC, 1996):

@ Physical Scicnee (Content Standard B),

e Lifc Science (C),

& Earth and Space Science (D),

eScience and Technology (E),

eSciencc in Personal and Social Perspectives (F), and
oThe History and Naturc of Scicnce (G).

If chemistry teachers arce guided by the NSES, they will begin to broaden introductory courscs to include cxamples from organic
chemistry, biochemistry, industrial and environmental chemistry, geochemistry, and matcrials sciencc. This will make the
introductory knowledge base more reflective of the breadth of modern chemistry. Also, it will bring the content of introductory

| chemistry in the United States closer to the content of similar coursces in other countries.
[ : There really is more than onc way to introduce students to chemistry!

The Current Nigh School
Chemistry Pregram

As Heikkincn pointed out, the NSES include "inquiry" as onc component of scicnce content
(Standard A). As defined in the NSES, inquiry-bascd instruction should permit students to
e ey ) develop a wide range of abilities and understandings related to the processes of scientific
o] investigation. The inquiry standard does not prescribe a specific scquenec of procedures to
follow when investigating sciencc (as in the scientific method); rather, the focus is on the
asking of questions, the testing of ideas, and the logic of evidence. Scicnce should not be
taught as "reccived wisdom."
Inquiry-bascd instruction should be an integral component of all scicncc courscs to facilitate the students’ understanding of
scicncee, its nature, and its methods. Of course, tcaching in an inquiry mode requires great teaching skills and a lot of time.

Chamisty 2k
wd
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Boos 2.3 H
Chemlistry tn the Hatlona! ficlomes . Unfortunately, school systems will not allocate more time to chemistry just because we

Sducation Standards . . . . .

now are implementing standards-based instruction. Therefore, we cannot add new topics
to introductory chemistry and take the time to teach in an inquiry mode, as defined in the
NSES, unless some topics that are now included in the introductory course are dropped
from the syllabus. Some teachers believe they are teaching beyond the national science
content standards becausc they are teaching more inorganic and physical chemistry than is
explicitly described in the content standards. If they are not also teaching some organic
chemistry, biochemistry, and environmental and industrial chemistry and teaching in an
inquiry mode, they have nof covered the knowledge basc of the content standards. They are not teaching toward the same goals.
What is the relationship between the leaming goals defined by the NSES and the learning goals found in traditional high school
chemistry programs? Traditional courses tend to emphasize physical and inorganic chemistry and may not focus on inquiry or
student-directed investigations. When compared to the NSES some of the familiar concepts and principles of Chemistry 1 and 2
are either taught from a different context (¢.g., using cxamples from organic chemistry or materials science) or are dropped
altogether. (Remember, this is the floor, not the ceiling.) The new learning goals include a strong emphasis on student
understanding and skills related to inquiry.

ChemCom and the NSES
How docs ChemCom, the ACS high school course (ACS, 2002), relate to this model and the science content standards?
ChemCom corresponds closcly to the fundamental concepts and principles listed in the NSES and goes beyond the level implied
by the Chemistry standards. Inquiry based learning is an essential component of ChemCom, although some inquiry skills may not
be as explicitly defined in the text as in the NSES.
As indicated previously, chemistry concepts and principles can be found throughout the different categories of content standards,
not only in the section on physical science (Standard B). In the standards document, each standard is relatively brief. For
cxample, Physical Science Standard B states
As a result of their activities in grades 9-12, all students should develop an understanding of

*  structure of atoms,
structure and properties of matter,
chemical reactions,
motions and forces,
conservation of energy and increase in disorder, and
interactions of matter and cnergy.

The explanation within the NSES makes clear that the six sections of Standard B cover concepts and principles usually taught in
physics as well as chemistry. Thus, it is not to be expected that all the sections of this particular standard would be fully
addressed by cither a chemistry or a physics course standing alone.

Life Science Standard C is alse divided into six sections. While mainly focusing on the intellectual domain of the biological
sciences, it also includes important chemistry principles that may be assumed, but not taught, in Biology | classes. Similarly,
Earth and Space Science Content Standard D includes chemistry in each of its four scctions, although the concepts and principles
listed go beyond the range of a chemistry class.

Each standard is accompanied by a scction on "Developing Student Understanding" and a "Guide to the Content Standard.” It is
this guide that describes the fundamental concepts and principles that underlie each component of each standard.

CHEMCOM and the NATIONAL SCIENCE EDUCATION CONTENT STANDARDS

The National Science Education Content Standards (NSES) outline what all students need to know, understand and be ablc to do
to be scicntifically literate. No one course is sufficient to allow students to meet all the standards. In fact, meeting the standards
should be the result of the total school experience of students. As a textbook for a first year chemistry course, we believe
ChemCom provides cxcellent coverage of not only the physical science standards, but parts of all the other content standards as
well.

In the Standards document, for clarity of intent, each standard is accompanied by a “Guide to the Content Standard” section. It is
this guide that describes the fundamental concepts and principles that underlic cach standard. The relationship of ChemCom to
these underlying concepts and principles is addressed in the following set of tables. For any component of each of the seven
content standards, ChemCom may:

®  Address all of the concepts and principles in the guide.

®  Address most of the concepts and principles in the guide.

®  Address some of the concepts and principles, or

e ot address the concepts and principles.

The (NSES) Life Science Standard C, while mainly focusing on the intellectual domain of the biological sciences, also includes
important chemistry concepts that may not be taught in Biology I classcs. Similarly, the Earth and Space Science Standard also
includes chemistry concepts. In fact, modern chemistry is addressed throughout the seven content standards listed above, a
reflection of the central and uscful character of chemical knowledge.

There is also a standard that addresses concepts and processes that provide a conneetion between and among different scientific
disciplines. This Unifying Concepts and Process Standard states:

Copyright 1997, 2002 American Chemical Society
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As a result of activities in grades K-12, all students should develop understanding abilities aligned with the following concepts
and processes:
e systems, order, and orgunization
» evidence, models, and explunation
* constancy, change, und measurement
e evolution and equilibrium
o formand function”
We encourage ChemCom teachers to work with other science teachers in their school to ensure that these unifying concepts are
addressed across the curricula. The ChemCom student text is rich with examples of these concepts as they apply to chemistry.
One way to introduce these concepts might be to organize cross-disciplinary seminars that give students the opportunity to
discuss cach of these unifying coneepts in the context of the particular sciences they are studying. We encourage you to consult
the National Scicnee Education Standards for additional information on these unifying concepts and processes.
ChemCom AND THE NSES STANDARDS

Standards (grades 9-12) Components

A. Inquiry

B. Physical science

C. Lifescience

o -
-4

D. Earth and space science

[ E._Science and technology

F. Personal and social

perspectives
G. History and naturc [ 1 ]| 2 j I 3
LEGEND
i & Addresses all fundamental concepts and principles in this section of “Guide”

Addresses some concepts and principles.

Scetion concepts not typically addressed in first-ycar chemistry courses

A: Inquiry Standard
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COMPONENTS ChemCom Level of Coverage ACTIVITIES IN ChemCom ChemCom
UNIT(s)
1. Abilities T Addresses all concepts: includes Labs, demonstrations, modeling Throughout
necessary to do matter, decision-makers, math
seientific inquiry marh using Jogic : problems with graphs, word
modifying ¢ problems, library rescarch, multi-
alicmatives. commmuivating amd media.
detending seiennfic arguments
2. Understandings [IEBNNVHISEUN IR SNIC  1.abs, demonstrations, modeling Throughout
about scientifie PIMHOR IR EMIVIIISCM  matter, decision-makers, math
inquiry purposcs for rescarch, dovelopment.. [EIVUERG R 6 RG]
Pof scicnce ideas + problems, library research, multi-
: media
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B: Physical Science Stan

COMPONENTS

1. Structure of atoms

2. Structure &
properties of
matter.

3. Chemical
reactions

4. Motions & forces

5. Conversation of
energy & increase
in disorder

dard
ChemCom Level of Coverage ACTIVITIES IN ChemCom ChemCom
UNIT(s)

Labs, demonstrations, modeling Water, Materials,
matter, decision-makers, math Atoms
problems with graphs, word
problems, library research, multi-
media
Labs, demonstrations, modeling Water, Materials,

p matter, decision-makers, graphs, Petroleum, Air,
word problems, library research, Food, Industry

b multi-media.

Labs, demonstrations, modeling

0 matter, decision-makers, graphs,
word problems, library research,
multi-media.

Water, Resources,
Petroleum, Air,
Food, Industry

Labs. demonstration, decision-
makers, math problems with
graphs, word problems, library
research, multi-media.

Petroleum, Atoms,
Air, Industry

living systems

growth, binmaoiceul

c'ﬁ:;lc of en

through lvin

sysiems, See also standards A,

research

6. Interaction of Labs, decision-makers, word Air, Atoms

energy & matter roblems, multi-media

C: Life Science Standard

COMPONENTS ChemCom Level of Coverage ACTIVITIES IN ChemCom ChemCom

UNIT(s)

1. Thecell Addresscs some concepts: Labs, decision-makers, math Food, Air,
chemicnl renctions in cells, problems, word problems, library Petroleum
proteing, enzymes, amnd research
photosyathesis. Sec also
standards A, B, D. F.

2. Molccular basis of Concepts not typically

heredity addressed in figst-year chemisiry

3. Biological evolution [EeSINCHNEMEIINY

 addressed in first-year chemisry

4. Interdependence Addresses imost coneepis: Graphs, decision-makers, word Food, Air,

of organisms carbon & nitragen eycles, See problems, and library research. Industry
-alsostandards A, 8, D, F

5. Matter energy & * Addresses most concepis: Labs, decision-makers, math Food. Air,

organization in *includes food for energy & § problems, word problems, library Industry
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6. Behavior of
organisms

neepts not typici
taddressed in first-year chemisry

D: Earth and Space Science Standard

system

. atmosphere & climate,

i carth’s cnergy batance, probiems, library research
greenhouse effect. Sce also

ChemCom Level of Coverage 1 ACTIVITIES IN ChemCom
|
|
I
l
|
| standards A, R, C, F :

!

2. Geochemical
cycles

COMPONENTS ChemCom
- UNIT(s)
I. Energy in the earth ' Adilresses spme concepis: Decision-makers, graphs, word Air

Addresses jnost coneepts:
ludes non renewasble sources, 5

Labs, decision-makers graphs,
word problems, library research

“eonscrvation; ‘earbon evele: Sce ¥
“also standards A, B F

Materials, Air

| Labs, math problems, word

2. Understandings
about science &
technology

3. Origin & evolution - | Addresses sgome concepts: Nuclear
of earth & system radiouctive isotopes for dating | problems, decision-making
hall-livex, S standards A and | library research
B. |
|
. . |
4. Origin & evolution | Addrcsses some concepts: | ' word problems, library research Nuclear
of universe nuclear fusion reactions, See i
standard 1 |
E: Science and Technology Standard
COMPONENTS ChemCom Level of Coverage ACTIVITIES IN ChemCom ChemCom
UNIT(s)
1. Abilities of ERNAIEE, CREUENE SR IR Decision-making, word problems, | Water, Materials,
technological evaluation and redesign of library research Petroleum, Atoms,
design eaisting technole Air, Industry

i "
“Addresses all concepts:
chemical, perrolenm, and
~ nuclear technologics, nature of
nce and reehnology

Labs, word problems. library
research

Resources,
Petroleum,
Nuclear, Industry

F: Science in personal and Social Perspectives Standard

COMPONENTS ChemCom Level of Coverage ACTIVITIES IN ChemCom ChemCom
UNIT(s)
1. Personal & Addresses some concepts: Labs, decision-makers, word Water, Food,
community health personal choice, food, chemistry i problems, library Atoms
and health |
i

2. Population growth Addresses spmg concepts: |

chemical, material iyld

petrolcum
3. Natural resources PRSP RN TV SRR TN Labs., decision-makers, graphs, Resources,
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4. Environmental
quality

and non renvwable
¢ & distribution of

poluiion prevention. nuclear
WasIeS

math problems, library research

Petroleum,
Industry

Labs, decision-makers, math
problems with graphs, word
problems, library research

Water, Resources,
Air, Industry

5. Nawral & h
induced hazards

6. Science &
technology in
local, national &

unalysis, water purity and
nucloar huzards,
Addresses all concepls: science,

techinology, cconamivs, polities -
‘& sovial factors. complexity of

Decision-makers, graphs, word
problems library research

Nuclear, Air,
Personal
Chemistry.

Labs, demonstrations, decision-
makers, math with graphs, word
problems, library research

Water Materials,
Petroleum, Food,
Air, Atoms,

global  challenges decision-making. Industry
G: History and Nature of Science Standard
COMPONENTS ChemCom Level of Coverage ACTIVITIES IN ChemCom ChemCom
UNIT(s)
l. Scienceasa
human endeavor Addresses mast concepts: Decision-making, word problems. | Throughout
“includes carcers. interactions of  EHICY RTINS
' lists with society, work of
PR BT YO T - A ddresses most concepts: but Labs, decision-makers, math & Throughout
knowledge - maierial tends to be less explicin * EIRRSERSIENS
- than described in Siandards,
3. Historical Addresses post coneepts: Labs, demonstrations, word Matenals,
perspectives atomic theory, nuclear problems, library research. Petroleum, Atoms,
chemistry, some moelecular Air , Industry
brology, cnerpy resources, some
medical technology.
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Chemistry in the National Scicnce Education Standards

CHAPTER THREE
The Unifying Concepts

MICHAEL J. TINNESAND
EDUCATION DIVISION
AMERICAN CHEMICAL SOCIETY
1155 SIXTEENTH STREET, NW
WASHINGTON, DC 20036

With the release of the National Science Education Standards (NSES), there was a significant move to identify connections
between and among the traditional scientific disciplines. Most schools and most teachers prescently organize their programs
around teaching the content of biology, chemistry, physics, and (sometimes) carth science. It is not unusual for these individual
classes to be taught by separate faculty members and for teachers of onc discipline to have little or no idea what has been taught
in the other courses. This lack of coordination and communication forestalls any kind of synergy among the various traditional
teaching disciplines.

The NSES address these problcms by making the first content standard relate to the unifying concepts and processes common to
all seience classes, from grades K through 12. The unifying concepts and processes were not divided into grade levels, as arc the
other content standards, specifically because the developers belicved that these unifying themes should be addressed at each and
every grade level. (NRC, 1996).

The Teaching Standards
Chemistry prides itself on being called “the eentral science,” the link to a basic understanding of al/ the seientific disciplines. And
yet all too often the chemistry curriculum presents a very narrowly defined range of chemical topics. A typical chemistry course
focuscs on inorganic chemistry with a small amount of analytical chemistry added. There may be some organic or biochemistry
in a chapter or two at the e¢nd of the book, but they are rarely reached. The unifying concepts in the NSES present a key
opportunity to look for connections between chemistry and the other scientific disciplines. The unifying concepts are

e  systems, order, and organization;.
evidence, models, and explanation; .
constancy, change, and measurement; .
evolution and equilibrium; and .
form and function.
The standards make some substantial suggestions relative to the teaching of science and the kinds of lessons we should present. A
summary of the changes they suggest to address the "big idcas” that stretch across the science disciplines is found in Table 3.1.

Teaching the Unifying Concepts and Processes in Chemistry

Each of the unifying concepts is supposed to be taught cach year a student is in school. The idea is for students to gain a simple
knowledge of the concepts in their carly ycars, and then develop a deeper and richer understanding as they reccive more and
more instruction in subsequent courses. But, how accessible are the unifying concepts for coverage in a typical first-year high
school chemistry r course? They appear to present a particularly ripe opportunity to reinforce the concepts in the context of
chemical principles.

The concepts of systems, order, and organization offer many examples in chemistry. Chemists often define systems to isolate
energy flow and thermodynamic interactions. Much of chemistry relates to the concept of order. Our discussions of entropy and
the tendency to maximize disorder in chemical systems fit very well with this concept. The periodic table is onc of the most
powerful organizing tools in all of science and serves as a comprehensive illustration of how trends in physical and chemical
characteristics can be organized into scientific schemes.

The sccond sct of concepts includes evidence, models, and cxplanation. Since so much of chemistry cannot be directly obscrved,
much of what we have constructed about how matter behaves has been derived from explanations of evidence, using various
modcls to interpret the observed data. Chemists use models for many purposcs; for example, to illustrate an unscen reality such as
molccules.

Table 3.1

Changing Emphasis by Unifying Concepts
Less Emphasis on
Stand-alonc courses with little relevance or communication

More Emphasis on
Connections between and among traditional

between disciplines

scientific disciplines

Dividing important concepts and processes to be presented
piecemeal and then ignored

Continuity of instruction on concepts and
processes that are fundamental and comprehensive

Presenting concepts in a single context with no connection to
other appropriate applications

Making the unifying concepts useful and
understandable by the people who will implement
them

No coordinated plan to develop unifying concepts or themes

Presenting the unifying concepts in a
developmentally appropriate manner in grades K-
12
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The concepts of constancy, change, and measurement can be itlustrated by the modern atomic theory. An atom of copper is the
same no matter where it comes from. It maintains its nature even if it becomes combined with other atoms to make a new
compound. We can even demonstrate the reduction of a copper ore to show how we can restore the atoms of copper to their
original state. Chemistry also quantifies change by defining the rate of chemical reactions and the periodic trends among
clements. The lab-centered nature of most chemistry courses provides a great deal of opportunity to have students make and
interpret a wide range of measurements, using a varicty of instruments. We also discuss the nature of measurements when we talk
about accuracy, precision, and significant digits.

Evolution is a series of changes and, although it is usually associated with biological processes involving the changes in living
organisms, it can also describe the chemical evolution of the elements from the beginning of time. Chemical evolution is also
demonstrated in the rock cycle. Chemical equilibrium generally receives considerable attention in most chemistry courses. The
understanding students have of chemical equilibrium could be enhanced tremendously if students have an opportunity to learn
how the term is used in other seience classes. This helps the teacher identify any misconceptions students may harbor about the
nature of chemical equilibrium.

Finally, there are numerous cxamples of form and function to be found in chemistry. The shape of molecules dictates their
characteristics and their interactions with other molecules. This is particularly salient in organic and biochemistry. The
interactions of enzymes and substrates, protein characteristics, and DNA and RNA can be used to show how molecular structure
influences the functions of these molecules.

The Unifying Thread

In the best of worlds, we would layout a blueprint for the scienee education of each child. We would construct an intellectual

"assembly line" and would carcfully insert the information, concepts, and processes we want cach child to learn in cach grade
level. Each step would build on the previous step, deepening and enriching the student's understanding. The unifying threads

serve as a scaffold for holding the knowledge together—a logical and essential ingredient in the learning process.

Unfortunately, all too often the reality is quite different: One grade level does not build on the previous one, the curriculum is not
coordinated, and teachers do not know what has gone on with the students in previous classes. The unifying concepts in the
NSES provide a linking thread from grades K through 12. They also reinforce a very solid pedagogical practice. Concepts
introduced to young students must be presented in a simplified, concrete fashion. As students become more sophisticated,
coneepts can be presented in greater complexity. For example, the concept of "family” grows from the personal—families of
people—to families of animats, and to families of elements.

This process of identifying examples of a concept and pointing out the characteristics that make the examples relevant is a very
powerful means of teaching. By developing the unifying concepts and processes at cach grade level, students should gain an in-
depth understanding by the time they graduate

An Integrated Approach

There are some real barriers to teaching with a unified approach. Most secondary science programs are divided into content
specialties such as biology, chemistry, and physics. Many school districts have graduation requirements that specify the number
of science coursces to be taken but not which courses. It is possible for students to take all physics and no biology in some school
systems. This makes it difficult to coordinate students' lcarning from one year to the next. Integrated courses, where all the
content of science is blended togcther around central themes, often make coordination much casier. Sometimes, however,
integrated courses have suffered by concentrating on breadth of knowledge to the exclusion of depth. (Note that one criticism of
U.S. science curricula in the Third International Mathematics and Science Study is that many of our middle school courses are
00 broad (Bcaton ct al., 1996).)

Some schools are experimenting with block classes, combining an Algebra 11 course with a chemistry course. Other schools are
creating carcer clusters and delivering all mathematies and science in an occupational context such as engincering or business.
We need to continue to develop the links between science and the rest of the curriculum, looking for links to social studies,
English, and other subjects.

Interestingly, the NSES unifying concepts could serve as an excellent starting place for choosing a common thread that could
serve as the theme for a school-wide interdisciplinary approach. Consider the concept of "cycle." Although we may tend to think
of cyeles only in a scientific context, there are numerous other disciplines that have equally rich applications of this concept. If
students were exposed to all of these various applications in the course of a school year, it would enrich their understanding of
the concept. Social studies classes could discuss cycles in terms of periods of peace vs. war. Business classes could study
cconomic cycles, biology could explore life cycles, technical educatjon classes could study engine cycles, and so on.

Students could demonstrate their understanding of the "big ideas,” whether across the seienees only or across all school subjects,
at parent-teacher programs, school seience (or knowledge) fairs, cte. Student mastery of the big ideas could also be assessed
through the content of individual student portfolios.

Many of the unifying concepts could stand as school-wide themes. Consider the concepts of organization, systems, cvolution,
change, or evidence. All of these have fertile possibilitics for explication in language arts, social studics, art, technical education,
mathematics, or nearly any other school content arca. To introduce unifying concepts across disciplines, students could also
organize a cross-disciplinary seminar or poster session for their fellow students to give them an opportunity to exchange ideas
and enhance their communication skills.
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The idca of aligning and intcgrating the scicnce curriculum has always been a difficult but desirable goal. After all, in the real
world, scicntists work across disciplinary boundaries and on intcrdisciplinary teams. The NSES make thc task somewhat more
explicit by spccifying what those unifying concepts should be. Now, the difficult task of implementing intcrdisciplinary learning
goals must be addresscd in the classroom, on a school-by-school, systcm-by-system basis. .
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CHAPTER FOUR
Inquiry Learning: What Is It and How Do You Do It?

DIANE M. BUNCE

CHEMISTRY DEPARTMENT

THE CATHOLIC UNIVERSITY OF AMERICA
WASHINGTON, DC 20064

One expectation of the 1996 National Science Education Standards (NSES) is that science teachers will use and be able to plan
inquiry-based science programs. Inquiry as an approach to learning is defined as "a set of interrelated processes by which
scientists and students pose questions about the natural world and investigate phenomena®” (NRC, 1996). This sounds reasonable;
many teachers can agree to inquiry learning in principle, just as many can agree that students should apply the scientific method
in science classes. Difficultics arise when we, as teachers, try to implement this approach. That is when we realize that we may
not fully understand what inquiry teaching and learning actually are.

Inquiry Teaching

The NSES document lists fundamental student abilities for inquiry learning at grades 9-12 (NRC, 1996).
o Identify questions and concepts that guide scientific investigations.

® Dcsign and conduct scientific investigations.

® Usc technology and mathematics to improve investigations and communications.

® Formulate and revise scientific explanations and models using logic and evidence.

® Recognize and analyze alternative explanations.

o Communicate and defend a scientific argument.

The NSES also identify a series of fundamental understandings that students should acquire about scientific inquiry. These
understandings relate to the purposes, methods, techniques, tools, results, and communication of results of scientific
investigations.

Analysis of the expected student abilities and understandings leads to the conclusion that the standards are stressing the how and
why of scientific phenomena. Students are being asked to do science themselves, not just read how the experts do (or, more often,
did) it. In a lot of ways, the inquiry approach to science instruction is closer to science in the real world. It is less authoritative
and formal. It is more "lcamer-friendly." By using this teaching approach, we are essentially telling students that they are capable
of doing and lecarning science. They will learn that science is an activity for all humans-you do not nced a master's degree or
doctorate before you are permitted to study it-and that everyone can do science at some level. They will learn that science is a
way of looking at the world and explaining it, a way that uses many tools, including logic, mathematics, and technology, to
further its investigations. Most important, they will learn that the prime requirement for learning science is to be a person who
asks why.

The NSES make clear that inquiry learning requires that students actively participate in scientific investigations. Furthermore,
these investigations should be guided by concepts and be performed to test ideas, not verify rules. The main purpose of these
investigations is to help students propose explanations for phenomena based on evidence and logic rather than their previous
belicfs. All such activities should provide students with an opportunity to reflect on the concepts that guide the inquiry.

Several teaching techniques can be used to foster inquiry leaming. They include the use of small-group discussions, written
student explanations, student usc of models and diagrams, and the development of student-generated concept maps. The level of
discussion and written explanations, according to the NSES, should focus on questions such as

® How do you know?

® How certain are you of the results?

® Is there a better way to perform the investigation?

o How would you explain this to someone who had no knowledge of the phenomena?

® Is there an alternative explanation?

® Should you repeat the investigation?

® Do you need more evidence?

It is obvious from these questions that the new emphasis in the learning experience is on the student. Nowhere in the NSES does
it suggest that the teacher should review the need for additional information or that the teacher should demonstrate an alternative
method to gain needed information. The NSES make it clear that the student is the center of attention and activity in inquiry
learning. So what then is the teacher's role?

The Role of the Teacher

In inquiry learning, the teacher is more than "a guide on the side,” cheerleader, or tutor during the student investigations. The
teacher is the architect of the entire experience. The same teaching skills that have always been a part of successful teaching are
still needed in inquiry learning, but they are put to use in a different fashion. For example, teachers who understand where and
why students have difficulty leaming a specific concept can usc this knowledge to assign a specific inquiry-based activity that
will address known student misconceptions. An activity designed to bring misunderstandings to the surface of the student's
consciousness permits students to confront their misconceptions while doing the activity. In addition, the teacher can engage
students in learning while interacting with members of small groups.
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The teacher is not superfluous in inquiry learning. On the contrary, the teacher is the one who facilitates the student's success in
analyzing the concept. Couldn't this be done just as effectively if the teacher told the "complete story” of the concept, including
pointing out common misunderstandings to students?

To answer this question, reflect for a minute on how effective the method of telling the student the "truth” and pointing out
common "problems" has been in the past. How often have you done exactly that, only to find that on the test, many of your
students made the same classic mistakes you had previously pointed out in class? If you are still not convinced, try interviewing a
subset of your students, asking them to use their own words to explain a concept that you have already covered in class. Then
have them apply this concept to a new situation. The results of this experiment can be a real eye opener for teachers.

At Catholic University, we have helped teachers conduct just this type of exercise as one component of a team action rescarch
project (Bunce, 1996). Ten teachers developed a common set of three two-week curriculum modules on states of matter,
solutions, and stoichiometry. Each teacher taught the modules to his or her own classes. After students had taken the final test on
a module, another teacher in the group interviewed a number of the students individually. The interview consisted of presenting a
short (but new) chemical demonstration illustrating the concept on which the students had just been tested and asking each
student to explain what was happening chemically. Teachers were amazed at how incomplete the students’ understanding of the
concept was. Repeatedly, teachers remarked that they really thought their students had learned the concept, because the students
had done so well on the test. Here was a strong indication that these "learned” concepts were not really incorporated into students’
understanding.

One of the methods used frequently in inquiry teaching is the discussion. Small-group discussions are led by the students. Often
the teacher will want to survey the small groups and, through a class discussion, synthesize the common understanding of the
concept being investigated. Many science teachers are uncomfortable with the idea of conducting such a discussion. It scems so
much casier to have the groups report and then just tell them who is right and who isn't. This approach to class discussion can
completely undermine the success of small-group interactions. From the students’ point of view, it is casy to sce that, when faced
with a difficult problem to analyze, students could just wait until the "correct” answer is given in the full-class discussion. The
dilemma for teachers is how to conduct the full-class discussion in such a way that students' efforts in the small groups are not
undermined.

Some guidelines for an effective full-class discussion can be gleaned from the Schaible and Rhodes report (1992) of an
interdisciplinary science and literature course they teach. The class of 35 students is taught in a discussion format with both the
chemistry and English faculty members present. To ensure that students are both well prepared and motivated to participate in
class, the authors have instituted the following discussion guidelines:

@ All students must come to class prepared to lead a discussion. This could include making a list of the important ideas or thcmes
in a reading and then writing a bricf introduction expressing these ideas as questions for discussion.

@ The choice of student discussion leader and two associate leaders for each class meeting is donc by lottery at the beginning of
the class. This approach requires cach student to be prepared to take a leadership role in cach class.

@ Once the discussion begins, the student discussion leader’s task is to keep it focused on the topic of the day.

@ The faculty members must remain silent for the first 35 minutes of the 75-minute discussion. This ensures that the students will
carry the discussion and not just wait for the professors to tell them what they should know. In addition, the authors note that
student-led discussion results in more periods of silence. Periods of silence can be used to an advantage when they encourage
students to formulate more thoughtful answers or encourage students who are more quiet by nature to participate.

® During the second half of the discussion, teachers join in as participants. This approach provides teachers with an opportunity
to hear what students have to say first and then formulate questions to help students focus on some important ideas they may have
missed or misconstrued.

Although not all aspects of this interdisciplinary course experience may apply to the class discussion inherent in inquiry learning,
the idea that students must be prepared to lead the discussion, and that teachers refrain from the initial directing of this
discussion, can offer some helpful insights on how to bring the goals of inquiry learning to the full-class discussion.

Some Examples of Inquiry Teaching

Inquiry learning activitics can take place in the laboratory and the classroom. There are several excellent examples in the
literature illustrating open-ended and guided inquiry laboratory investigations. The difference between these two options scems to
be that of degree. Open-ended inquiry is less structured and more student-directed, and guided inquiry is more structured and less
student-directed.

Bell's Chemical Explorations (1993) lists many guided inquiry labs that can be performed in small-scale format. Small scalc has
the obvious advantage of reducing both the amount of chemicals used in the lab and the chemical waste produced as a result of
these experiments. Also, small-scale activities can be done quickly and repeated.

When the equipment used includes well plates and pipets, rather than expensive and exotic-looking glasswarc, students scem to
be less intimidated. This often results in a willingness on their part to modify an experimental design or repeat an experimental
procedure.

Several college chemistry faculty members connected with the American Chemical Socicty (ACS) Division of Chemical
Education's Task Force on General Chemistry Curriculum (Lloyd, 1994) have published the results of their efforts to change
standard undergraduate laboratory experiences into inquiry investigations. The laboratory program at the College of the Holy
Cross (Ditzler and Rucci, 1994) emphasizes a guided discovery approach that consists of three parts: a pre-laboratory discussion
that helps define the question, a small-group division of labor in the laboratory to investigate the qucstion, and a post-laboratory
session where the interpretation of pooled data and a discussion of their significance take place.
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Switching from a traditional verification laboratory activity to a guided inquiry experiment can seem a little overwhelming at

first. Allen ct al. (1986) offcr this advice:

@ Choosc a lab experiment that addresses simple and straightforward conccpts.

@ Collcct data using uncomplicated apparatus whenever possible.

@ Choosc to collect data that lend themselves to the dctermination of a mathematical relationship and, whenever possible, design
the experiment so that class data can bc pooled.

® Modify the introductory laboratory material so that the concepts of the lab arc not stated definitively in the beginning material.

@ Reducc the detailed procedural steps of the experiment, and replace them with opportunities for studcnts to think about the data
they should collect and how they will do this.

@ Include a verification stcp toward the end of the laboratory.

@ Includc questions at the cnd of the laboratory that make the students think, not just recount procedurcs they have used.

The authors' main thesis is a good one, that is, start the changc to an ini{uiry leaming approach by modifying existing laboratory
activities. This will give you a basis for the inquiry lab, and help ensure that you are covering thc important concepts in the
course.

Inquiry lcaming can also take place in the classroom. Lord (1994) describes the use of inquiry leaming to teach undergraduate
biology in a two-year college. Students are first shown a clip from an old horror movie, where a glob multiplies and divides with
such rapidity that it threatens to take over the Earth. Students are then given matcrials, such as a rulcr and a box with an inflated
balloon squcezed into it, and

asked to determine different ways the surface area could be calculated. This activity helps students discover both successful and
unsuccessful ways of determining surface area. At the conclusion of this activity, the results are tabulated, compared, and
analyzed. Students are then given a multipart qucstion to work on in small groups that will lead them through an analysis of a
projected photomicrograph. This is followed by a large-group discussion of small-group results, leading to consensus on the
important concepts.

The teacher's role in these activitics is essential. In addition to designing the activity, the teacher spends the time in class actually
teaching (interacting with students) as opposed to lecturing (talking to students). Here the teacher creates an opportunity to find
out how the students are thinking about a topic and what logic (or lack of logic) they are using to arrive at a conclusion. Everyone
in the class is actively working in this inquiry-leaming scenario, not just the teacher. In such an environment, it is harder for
students to sleep, daydream, work on an assignment for another subject, or pursue social plans! There is a goal to be
accomplished, and everyonce's input is needed.

Inquiry leaming using both small-group classroom investigation and cumulative full-class discussion has also been used in the
ACS course for college non-science majors, Chemistry in Context (Schwartz et al., 1994). In the first activity in this book,
“Consider This: Take a Breath," students are asked to determine how much air they inhale, both in a single breath and in a 24-
hour period. Simple materials, such as gallon-size plastic bags, rulers, and a 36-inch picce of string, are given to cach self-formed
group of two. Additional equipmcnt is provided at the front of the room for those groups who want it: buckets, empty 2-liter soda
bottles, water, and Tygon® tubing. Students arc given half the period to devise and implement a plan. The teacher’s rolc is to
circulate around the room, encouraging and asking probing questions of students to help them get started. When all groups are
finished, the class data arc compiled.

The volume for a singlc breath is typically reported in a variety of units, including milliliters, liters, quarts, cubic fcet, cubic
inches, and occasionally square inches! When the class is asked to vote for the corrcct answer, the first problem they encountcr is
the fact that they are comparing quantitics with different units. After a suggestion that is usually made by the students, all
volumes are converted to a common unit for comparison. Typically, that unit is liters. Next, the information is cither analyzed or
graphed. With cither a mean or a mode identified, students arc asked to explain possible reasons for the range of answers in the
class. Usually the idea of different sizes of individuals measurcd, or accuracy of experimental design, is suggestcd. Students
whose answers differ significantly from the most common answer are then asked to present their experimental designs. This
usually leads to a class discussion about precision and accuracy. Finally, a question is asked about the variables that could have
affected the results. In addition to experimental design, the size, health, and athletic ability of the person measured are usually
suggested, along with the idea that the volume of breath is dependent on whether the person is resting or cxercising during
measurement. When the discussion has ended, the concepts of scientific method, research design, measurement, interconversion
of units, accuracy and precision, identification, and control of variables are reviewed. The most important result of this inquiry
activity is that students leam on the first day of class that they are capable of thinking scientifically and that seience can be
performed with simple matcrials.

Some Unanswered Questions

Are the standards for inquiry achievable? Can we teach inquiry leaming in our science classrooms and still teach the body of
science knowledge? Will students really leam anything if we make the switch? Will we as teachers still have a role to play in the
inquiry classroom? Will students benefit from having the lcaming process focused on them in the classroom?

Although it is tempting to try to answer these questions, in the true sense of inquiry leaming, 1 invite you to introduce an inquiry
approach into your classroom on a limited basis, and evaluate the results yourself. With this firsthand knowl- edge, you may find
that the answers to these questions are self-cvident.
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CHAPTER FIVE
Mystery Powders: An Inquiry Activity

JERRY A. BELL

AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE
1200 NEw YORK AVENUE, NW

WASHINGTON, DC 20005

Mystery powder (or solution) identifications arc fun and motivating for many students, giving them an opportunity to develop
and practicc good deductive skills. Many students complete the identifications very successfully. However, without explicit
attention to the chemistry of the systems, students do not necessarily learn any chemistry or usc the chemistry they already know.
Thercfore, it is important to build in opportunities for students to learn and/or exhibit chemical knowledge when using thesce
activities.

In the example presented here, the chemical concepts involved include acids and bases, gas formation, complexation, statc
changcs, solubility, and rcaction rate. The activity can be used as a way to introducc somc or all of thesc concepts and should be
followed by other activities to broaden and dcepen student learning. Alternatively, the activity can be used to assess how well
students arc ablc to apply their previous learning of these concepts. You could, of course, choose a different sct of samples and
rcagents to illustrate other concepts pertinent to your coursc.

This activity is designed to be donc by students in groups of three or four. The group provides collcagues with whom to discuss
strategics and proccdurcs and spreads the work required to analyze the chemistry of the procedurces used. The scenario given
below is presented to the students to guide their inquiry. The students are free to devise their own procedures and solutions, but
the problem itsclf is not student-devised. Matcrial in brackets in the scenario is for your information, not part of what students
have to scc (although there is no reason why they should not).

Scenario

To: Your Crime-stoppers tcam

From: Crimc-stoppers hcadquarters

Re: Identification of white powdecr cvidence

We have a problem. A valuablc art abjcct has been stolen from the home of a wealthy collector. We have three suspects, all of
whom claim they are innocent. The names they gave are M. R. Kleen, P. Barry Dobois, and Elizabeth C. Rocker, but we think
these may be aliases. The only cluc we have that might help to identify the perpctrator is a very small amount of white powder
found on the pedestal wherc the stolen object was displaycd. Under a hand lens, it looks as though the powder could be a mixture
of two substances.

Unfortunatcly, our analyst disobeycd laboratory rulcs, tasted one of his samples the other day, and is now in thc hospital. We
necd your help quickly. We have sent you a kit of supplics and samplces of seven white powders, cach a common household
substance (sce next page), which we think might be among the substances in our crime scence cvidence. Pleasc usc the available
test reagents and materials to work out a procedurc for analyzing our white powdcer evidence and identifying its constitucnt(s).
The procedure has to be as cfficicnt as you can make it, since we have only a very small amount of the cvidence. Please write up
your procedure very clearly and in detail, since we will have to follow it without the help of our analyst. We look forward to
recciving your procedurc as soon as possible.

Kit
e 5 thin-stcm plastic pipcts,
e 10-12 wooden microspatulas (flat wooden toothpicks), and
e 7 whitc powdcr samples in tubes with color-caded caps (cach sample is about 0.5 mL of solid): baking powdecr, baking
soda, sugar, flour, Equal® (aspartame sugar substitutc), washing soda, and a calcium supplement pill (crushed). These
arc most easily distributed in plastic zipper-lock bags.

Reagents and Materials

. watcr,

e phenolphthalcin in water/alcohol mixturc {Crush onc Ex-Lax® tablet, mix with 10-20 mL rubbing alcohol (91%
isopropanol formulation), allow to scttlc for scveral hours, and filter through filter paper or paper towels. Dilute to
about 250 mL with a mixture of about half watcr and half 91% isopropanol. This is cnough for at least 50 groups, cach
using one pipet filled with the reagent],

e whitc vinegar {5% acetic acid (CH;COOH) in aqueous solution],

e iodinc in watcr/alcohol mixturc {Mix 5 mL tincture of iodinc from the drug storc with 250 mL of watcr. Storc in a glass
bottle. lodinc dissolves readily in the plastic pipets, so they will become discolored as they arc uscd to hold and
dispensc this reagent),

e 91% isopropanoal,

e waxed paper or an overhcad transparcncy sheet for cach group,

e papcer towels for clcanup and as a background to sec colors

e paper/laboratory record book to record obscrvations, reasoning about an identification protocol, and the procedure to
be used for the identification.
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Expected Results

Students should not be told the testing procedure to use with their known samples and the reagents; but the small amounts of
sample powder, toothpicks as spatulas, the pipets, and the waxed paper should lead them to think about observing what happens
when a drop or two of liquid reagent are added to a very small amount of powder on the waxed paper. This will be especially true
if they have had experience with such small-scale tests before. Addition of one drop of liquid reagent to a very small quantity of
the solid should give the results shown in Table 5.1.

Expected Results of Mixing a Drop of Liquid Reagent with Each White Powder Solid
WATER PHENOLPHTHALEIN VINEGAR IODINE 81).COHOL
Baking Powder | Vigorous gas Vigorous gas Vigorous gas Vigorous gas Little
cvolution cvolution (fizzing) evolution cvolution apparent
(fizzing) (fizzing) (fizzing); reaction
blue-black
color
Baking soda Little apparent Little apparent Vigorous gas Little apparent | Little
dissolution (b) dissolution () evolution Dissolution apparent
(fizzing) [(X5)] reaction
Sugar Solid dissolves Solid dissolves Solid dissolves Solid dissolves | Little
(c) apparent
reaction
Flour Littlc apparent Little apparent Little apparent Blue-black Little
dissolution (b) dissolution (b) dissolution (b) color apparent
(d) reaction
Equal® Solid dissolves Solid dissolves Solid dissolves Blue-black Little
- color apparent
(d) Reaction
Washing Solid dissolves Solid dissolves; Vigorous gas Solid dissolves | Little
Soda red color evo- (c) apparent
lution (fizzing) reaction
Calcium Littlc apparent Little apparent Little apparent Little apparent | Little
Supplement dissolution () dissolution (b) dissolution (b); dissolution apparcnt
slow gas (b,c) Reaction
cvolution
(bubbles)

(a) Little or nonc of these white powders dissolve in alcohol or give any apparent reaction.

(b)  Solid appears not to dissolve completely or at all.

(c) The initially orange liquid will losc color over a few minutes. See the text for an explanation of this obscrvation. Students
should be encouraged to obscrve a drop of cach reagent without any of the solids present to scc what happens to them over
time.

(d)  The blue-black color is so intensc that it usually masks what is happening to the solid. To produce a solution that is less
dark, a more dilute iodinc solution could be used.

Assessment/chemical knowledge

To assess how well a group's analysis procedure works, have groups exchange procedures. Each group now follows another
group's procedure exactly as written to analyze an unknown binary mixture you have furnished. Be sure that each group is aware
that they arc to do only what is written in the procedure. Remind them that the "analyst” is in the hospital, and the procedure is
being carricd out by somcone or some group who can only follow the dircctions, not interpret them.

Having groups exchange procedures will help you assess how well the students can explain how to catry out a procedure and
may cven make you more awarc of the care that has to be taken in explaining cxactly how to do something. Common omissions
in the proccdures will probably be missing dircctions on how much solid sample to use (or even omitting the direction to take a
samplc) and/or how much liquid reagent to use. If problems with the procedures are apparent, they can be returned to the original
groups for rewriting before another round of cxchange and analysis is tried.

If you are using this activity as an introduction to thc chemical principles involved in the changes obscrved in the tests, it is a
good idea (perhaps before carrying out the exchange of procedures and analysis) to have each group do a bit of research in the
library or their textbooks to discover the chemical basis of the changes and to include the results of their rescarch in a write-up of
their results from the tests on the known solids. If this activity is used to reinforce previous learning and to help you assess it,
each group could report on the chemical basis for the procedure used to determine the identity of the componcnts of their
unknown mixture. They would be reporting on the analyses and the rationale chosen by another group.

Although the following is not an inclusive sketch of the chemistry involved in the interactions of these solids and liquids, it
touches most of the high points.

Acids and Bases

Phenolphthalcin is an acid-base indicator that turns from colorless below pH 9 to red (pink to purple, depending on its
concentration) between pH 9 and 10. Baking soda (sodium bicarbonate, NaHCO;) dissolves cnough to give a weakly basic
solution around pH §; it doesn't produce a red color.
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Washing soda (sedium carbonate, Na;COs) dissolves to give a very basic solution at pH 12 or above; it gives a red color.
Washing soda is so named because it is used together with soap to produce the basic solution in which soap works best; the
"builders" in detergents are there for the same purpose. Although in principle the calcium carbonate (CaCO,) in the calcium
supplement would also give a basic solution, it is so insoluble in water that not enough dissolves to raise the pH above 9.

Gas Formation

All gas-forming reactions in this system are also acid-base reactions involving carbonate or bicarbonate compounds reacting with
an acid to produce carbon dioxide gas. Vinegar is a solution of acetic acid that reacts with baking soda, sodium carbonatc, and
baking powder to produce vigorous gas cvolution (fizzing). It reacts more slowly with calcium carbonate because the solid is
quite insoluble, and the production of gas is limited by the rate on the solid surface or with the small amount of carbonate that
dissolves.

Baking powder is an interesting casc, since vigorous gas evolution is observed when any aqueous solution is added to the solid.
Baking powders contain sodium bicarbonate, which is the source of the gas. They also contain a solid acid, for example, calcium
dihydrogen phosphate [Ca(H,PO4),], which can react with the sodium bicarbonate when the two are dissolved in water, and the
aqueous acidic ion H,PO, (aq) (—H'(aq) + HPO,*(aq)) produces an acidic solution. The reaction of baking powder with vinegar
presumably involves both this kind of reaction and the reaction of the bicarbonate with acetic acid.

Complexation

In solutions that contain iodine (1) and iodide ion (I), starch reacts to form a complex containing mainly 15" ions trapped inside
coils formed by the long glucose polymer chains of which starch is made. This complex is an intense blue color that looks black
when a lot of 1; is present to form a lot of complex. Students can test this by successively diluting an iodine-iodide solution
("tineture of iodine" is such a solution in alcohol), adding a drop of cach successive dilution to a tiny bit of flour or cornstarch,
and observing the colors. Flour contains a great deal of starch; you would expeet it to give the starch-iodine reaction. Baking
powder and Equal® arc a bit surprising until you read their labels. Baking powder has added starch, probably to improve its flow
charaeteristics and help prevent its clumping. Equal® has added "maltodextrin,” partially broken-down starch, also probably to
improve flow characteristics and to give bulk to the product because so little sweetener is actually present. What other common
foods might also contain starch?

State Changes

Assume that the testing is done using drops of the liquid reagents with tiny amounts of the solids. Students will almost certainly
notice that the iodine solution mixed with a solid that doesn't give the starch test remains a light orange color at first but slowly
fades to colorless. What happens to a drop of the iodine solution that is not mixed with a solid? Exactly the same thing. The
iodine is volatile enough that it escapes from the solution as a gas. There is so little of it that it is invisible in the gas phasc. lodine
also dissolves well in all sorts of organic materials, including the wax in waxed paper and the plastic in plastic containers. The
change of state (solute to gas) or the change of solvent (water to organic) explains the slow disappearance of the color from the
droplets of aqucous iodine solution.

Solubility

No consistent solubility "rules" arc apparent from these results, except that alcohol is not as good a solvent as water, since little
solubility in the alcohol is apparent, whereas some of the solids (sugar, Equal®, and washing soda) readily dissolve in water.
High molecular weight polymeric compounds like starch tend to be insoluble, and flour does not appear to dissolve. However,
sugar, a moderate molecular weight compound, dissolves readily. Carbonates tend to be insoluble (the calcium supplement,
mostly calcium carbonate), but sodium salts tend to be soluble (washing soda, sodium carbonate). Some standard rules are
exemplified but cannot be derived from this very limited sct of reagents. This is a good activity to get students thinking about
what kinds of substances arc soluble and insoluble and have them begin to look elsewhere for patterns and rules.

Reaction Rate

The most striking examples of reaction rate changes in this activity are in the gas-forming reactions. In some cases the gas
cvolution is so rapid that the solution fizzes. In another case, the reaction is so slow that individual bubbles can be scen forming,
In the case of dry baking powder, the reaction of the solid acid with the solid bicarbonate is so slow that the mixture can be kept
unreacted for months or years. The acid-base indicator reaction and complexation of iodine by starch are so rapid as to appear
instantancous. '

Jerry A. Bell is chief scientist for the ACS Education and International Activities Division.
A former chemistry professor, Dr. Bell has worked extensively with high school teachers in efforts fo enhance student learning.
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CHAPTER SIX
Planning Lessons and the National Science Education Standards

MICHAEL J. TINNESAND
EDUCATION DIVISION
AMERICAN CHEMICAL SOCIETY
1155 SIXTEENTH STREET, NW
WASHINGTON, DC 20036

Deciding what students should know and what students should be able to do is a fundamental task facing science teachers across
the nation. The amount of guidance teachers are given varics dramatically from school to school. In some cases there are
comprchensive and complete plans that guide what happens in every science classroom from primary through secondary levels.
More often than not, the individual teacher is left to decide what content is covered and what instructional methods are employed.
Many statcs now have a framework that is designed to serve as an overarching plan to guide school districts, individual schools,
and teachcrs in planning their lessons. The degree to which teachers actually usc these guidelines in planning their lessons varics
widely. Clearly, teachers nced the right tools and information available before they will begin to make lesson plans based on
external standards.

Onc component that has been missing until recently is a set of national standards for science instruction. With the publication of
the National Science Education Standards (NSES) by the National Rescarch Council, there is now a set of guidelines for what
students should know and what they should be able to do as a result of 12 years of science instruction.

Despite clear and comprehensive standards at the local, regional, and national levels, a gap remains between the published
standards and their actual implementation in individual classrooms. What happens when teachers close their classroom doors
remains largcly in the hands of the teachers. If we as teachers would like to embrace the content and methods outlined in the
national standards, what kinds of changes should we make in our lesson plans?

The Teaching Standards
The standards make some substantial suggestions relative to the teaching of science and the kinds of lessons we should present

(scc Table 6.1). Table 6.1
Changing Emphasis in Lesson Plans
This is not to say that many lesson plans are | Less Emphasis On More Emphasis On
not alrcady domg_ work as SCt. out in the . Lcsson plans that present content Planning an inquiry -based science
NSES. The goal is to have scicnce teaching only and rely on student’ ability to program
and learning uniformly embody the traits ._'If:a—"f“" - - —— | - -
. M . ¢ "sage on the stage” approach, cachers who present Icssons that guide
listed below, but not be QXC_IUS“{CIY limited where the activitics arc alt centered and facilitate student learning
to them. The recommendations in the NSES on the teacher
are conscnsus statements (yct they may still Lessons that lead to cumulative Plans that include an ongoing

be controversial to some). Most
expericnced science teachers will recognize
the emphasis on practices that have been
shown to be cffective in teaching science to

exams, although the lessons
themselves arc never evaluated

assessment of teaching and learning

Set blocks of time. and Icssons that
requirc all students to learn at the
some rate

Plans thatallow for providing students
cnough time, spacc, and resources to
learn the science

Plans that have students working

Lessons that incorporate cooperative

arange of students. alone or in unrelated groups learning and collaboration among
students

The more difficult task is to actually craft lessons that help students achicve the learning goals of the NSES. The rest of this
article focuses on specific examples of lesson plan clements that will address this task.

Mastering Content vs. Inquiry-Based Learning

Onec of the factors that draws many students to study science in the first place is the natural curiosity children seem to possess.
They arc born scicntists and love to find out about how things work by "messing around” with them. The inquiry described in the
NSES is not the inquiry-based lcarning of the Sputnik cra. Students are not expected to derive first principles. Current inquiry-
based lessons present focused questions and allow students to have a role in how best to answer them.
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Table 6.2
Content-Bascd Cookbook lab vs. Inquiry-Based lab

Do Less of This

Do More of This

Students are given a four-page handout for a
lab designed to determine the formula of a
hydrate. All background, procedures, and
safety precautions have been prepared for
the student. The student follows the
procedures, fills in the data and tums in the
worksheet. The teacher grades the lab; the
class moves on.

Following instruction on the concept of a hydrated
compound, students are challenged to determine
eXperimentally the formula of a compound with an
unknown number of waters of hydration. Each
student is given a sample. Students are asked to
write out a procedure (including research on safety
issucs) that must be approved before they begin.

Students arc not abandoned in this effort. The
teacher acts as a facilitator, advising students as to
what esscntial measurements must be taken,
discussing the merits of sample size, suggesting
equipment that is available for usc in the
experiment. Class discussions can resolve issues
such as knowing when all the water has been
driven off.

Students design their own date table. After
caleulations are finished and results arc known,
students with superior results explain how they did
the experiment. The teacher coaches poor
performers on how they can imnprove their results.

As Table 6.2 illustrates, all too
often the "cookbook” labs we
use for lessons in science
instruction take the student out
of any active, thinking role in
the excrcisc. The teacher
dccides what questions to ask,
procedures to follow, controls
to observe, safety precautions
to note, and may even go so far
as to prepare a data table or
worksheet for the student to fill
in. This occurs in spite of the
fact that most science teachers
cite thinking and inquiry as
extremely important skills for
students to practice.

As shown in Table 6.2,
students in the inquiry-based
lab get a chance to participate

in thc most important parts of
the lab exercise. They decide
how to make the measurements, and they also get a chance to dccide what the results mean. (If the teacher always writes the
procedures to be followed, it climinatcs what little real scicntific investigation may have been present in the first place.) The
student's procedure may be flawced. This is an acceptable occurrence. Ideally, by comparing the end results with various othcr
studcnt approaches, students will hone their ideas of what makes an effective experimental stratcgy. In straight cookbook labs,
this issuc would never even come up.

The experiment is repeated.

When a student is involved in creating an experimental design, the level of interaction between the teacher and the student
changes dramatically. Instcad

. Table 6.3
of questions such as "What do | cnemical Equilibrium Lecture and Problem Sets vs. a Constructivist Approach
I do next?” the st}:dcr‘n may Do Less of This Do Morc of This
say, "I'm wondering if [ can
improve my results if 1 try it The chemical equilibrium lecturc centers on The teacher poses the problem of reversibility of
this way.” The interaction is chemical cquations. The teacher explains rate reactions. The question might be phrases, *If the rate
much more meaningful. cxpressions, and factors that affect forward of forward rcaction is somewhat faster than the

and reverse reactions. Calculations of Keq are reverse reaction, will the system ever come toa

fart PR : balance or equilibrium?” Students are given two
€s made. Le Chatelier's principle is graduated cylinders: One is nearly full, the other

defined by the teacher, and students cmpty. They are also given two straws with different

Teacher-Focused Acti
vs. Guided Learning

Most of us teach as we were make predictions of equilibrium diameters, but cqual lengths. The model reaction
taught. All too often that shifts on the basis of hypothetical consists of transferring liquid from onc cylinder to the
means a predeminance of changes of reactants, products, and other. The student transfers the liquid by inserting the
lecture and direct o™ ’ ’ rod to the bottom of the cylinder, covering it with a
conditions. finger, and moving it to the other cylinder where the

presentation of content.
There is a ccrtain false
cfficicncy in lecturing to
teach content. The teacher
can control the time and the
sequence of facts presented.
Student behavior is
predictable and subdued.
There is an appearance of

liquid is released. One size straw is used to go from
the first to sccond cylinder, and the other is used only
for sccond-to-first transfers. Students begin transfers,
measuring the amount left in each cylinder afier every
three transfers. The students are told to call the
instructor when they achicve equilibrivm. Many

d have a mi ption that cquilibrium will
mean cqual amounts in cach cylinder, but the amounts
keep changing past that point. Students finally
o recognize cquilibrium when the volume of liquid
learning. Many new tcachers transferred back and forth is cqual. The teacher guides
arc shocked when they first students to recognize cquilibrium as balanced
discover that even though opposing reactions.
they explained the mole
conccept perfectly, it did not mean that the students learned it perfectly. It is the wisdom of the Chinese proverb "I hear—I forget;
sece—l learn; I do—1 understand.”

The standards suggest an approach based on constructivist thcories of learning. The idea is to direct the students along the path to
knowledge rather than simply telling them facts to remember. For example, once the students have a good conceptual
understanding of equilibrium, the model in Table 6.3 can be interpreted in terms of real chemical reactions. The relationship of
rate constant times concentration can be analogously compared to the diameter of the tube times the height of the column of
liquid. In the first case in the table, the students memorize a definition. In the sccond, they construct a dcfinition of equilibrium
for themselves.

Cumulative Exams vs. Ongoing Assessment and Evaluation of Lessons
The standard of instruction in many classrooms tends to be derived from the college habit of having two midterms and a final.
This is occasionally medified to include end-of-chapter exams, followed by an end-of-term cumulative exam.
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The NSES suggest that teachers use multiple methods to gather information about their students (Table 6.4). The assessment of
students is also taken as a measure of the efficacy of the instruction. If many students fail, the lesson is reexamined, revised, and
retaught. Teachers can use this experience to change their teaching styles and methods to more effective strategies.

Assessing student knowledge is one of the most difficult parts of teaching. Teachers may feel compelled to give end-of-chapter or
unit tests simply because nearly all commercial textbooks are written to include this traditional type of testing. Furthermore, it is
the system they know. Little in real life is assessed in the fashion we typically use to assess science learning. Consider how we
assess the ability to drive a car. We do not drive for a month and then take only a written ¢xam on what we learned. Rather, cach
driving experience is judged and cvaluated on the basis of our performance and reactions. Another example might be the practice
of medicine. Physicians cvaluate their learning by considering the results of cach patient case and the outcome of cach diagnosis
and treatment. Our interactions with students should be more like this. We need to assess student leamning at cach application of

knowledge they present to us. Completion of a well-designed experiment, where the interpretation of data matches the
conclusions drawn 'by the student, should provide as powerful an evaluation as any kind of traditional written cxam.

Table 6.4
Energty and Order: End-of-Unit Testing vs. Varicd and Ongoing Assessment
Do Less of This Do Morc of This

Students arc given two weeks to study the
content standard related to conservation of
cnergy and the increase in disorder. They do
assignments, have lectures, do labs, and write
rescarch papers. At the end of two weceks, they
arc given a multiple choice test. their grade for
the unit is based on primarily on their score on
this test.

During the two wecek unit on encrgy, student
assessment is varied and ongoing. After the first
reading assignment, students arc given a bricf oral
exam 10 asscss their understanding of the reading.
During lab, the instructor inspects students for safe
and accurate lab techniques and notes them. Students
are asked to prepare a concept map of the content and
explain their thinking to a small group. The group
gives feedback and the student docs a sclf asscssment
on the explanation's quality. A short objective cxam is
given at the end of a particularly difficult scction of
content. The results arc uscd in the decision to carry
on or review. The final grade is a combination of afl

All Students at the Same
Rate vs. Allowing Students
Enough Time and
Resources to Learn
Science

No more difficult task faces
classroom teachers than
ensuring that all students
learn in a set time, when all
students do not learn at the
same rate. The NSES are
based on the principle that
all students can learn, can
understand, and can do
science. This means that the

the grades camed during the unit.

practice of having only a

competent by the end of a chapter must end.

fraction of the students

One implication of this is that class management and record keeping must also change (Table 6.5). Any system that only keeps
track of the fraction of the leaming a student was able to muster in a set time is unacceptable.

This sort of thinking runs up against some formidable obstacles very quickly. Most school systems arc not set up to deal with this
kind of grading or record keeping. It is possible, however, to continue instruction on new units even if all students have not met

Table 6.5
All Students with Same Time vs. A

| Studcnts with Same Lecarning

Do Less of This

Do Morc of This

Lesson plans call for cight days to
study the structure of atoms and
malccules. During the lessons,
students uccumulute points, They
ure gruded on a scalc that cquates
their relutive achicvement with
thc nuinber of points given (90%
and nbovcisan A, 90-80% isu B,
and 50 on). Student scores runge
from low to ncar perfect. The
closs moves on to the nextunit.

Before the lesson is planned, the
teacher decides on the critical
learning thaot must occur. Six
outcomes arc chasen, and a rubric
is written so both the tecacherand
the students know how to
dcmonstrate the lcarning that has
occurred. The activitics procced us
beforc. Students do lubs, read
matcrial, cxchange idcas, and take
cxams. They olso dem onstrate their
undcrstanding of the six outcomes
to the tcacher. When cuch student
has mastered all six outcomes, that
student is recorded as having
satisfactorily passcd the unit.
Studcnts reccive no credit for
passing only five outcomes. They
continue to work on the lcarning
and have an opportunity to present
evidencc of lcarning when they arc
ready.

the standard. Presenting cvidence of
understanding might fall on the students to
pursuc. The teacher would only need to
provide the opportunity for students to
document their learning. Even so, this
requires a redistribution of resources and may
require faculty members to reteach topies or
provide remedial help to students.

Students Working Alone vs. Cooperation and
Collaboration

Every study on work force readiness in recent
years has emphasized the need for employces
who can work together in tcams. Most
production and development in industry take
place in cooperative groups. New workers
who cannot work in tcams don't stay
employed for long.

Moreover, a collaborative and cooperative
“community" approach to teaching enhances

learning. It helps to advance the understanding and achievement of all those involved. The evidence is clear that cooperative
groups can be very effective. They have the added benefit of allowing students to be exposed to diverse ideas and modes of
thinking. Community activitics can lend a richness of appreciation for culturally and intellectually diverse experiences.
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Science is collaborative by nature, and working in cooperative modes models all the skills, attitudes, and valucs associated with

scientific inquiry (sec Table 6.6).

In the future, lesson plans will look different if teachers are guided by the NSES learning goals for what students should know
and be ablc to do in science. Teachers will design lessons that stop.treating students alike or respond only to the group as a

whole. There will be less lecture, less recitation of
facts, and less presentation of science as something that
has alrcady happened and now must be remembered.
There will be lessons that adapt and respond to
individual student intcrests and abilities. There will be a
focus on understanding and using scientific information
and skills. Teachers will guide students to
understanding and sharc with them the responsibility of
learning. Lesson plans will encourage a classroom that
is inhabited by a community of learners where
everyone, including the teacher, is an active learner.

'

Having the national standards in place is a significant
step in reforming science education. Implementing the
standards in the form of cffective instruction is the next
step for most of us.

REFERENCE

NRC (National Rescarch Council). 1996. National
Science Education Standurds. Washington, DC:
National Academy Press.

Table 6.6

Reading Assignments: Individual Work vs. Cooperative Approach

Do Less of This

Do More of This

Each student reads the assigned
section of required reading in the
textbook. When finished, each
student completes a worksheet of
review questions and turns it in
for the teacher to grade.

The teacher divides students into
"expert groups.” Each group of
experts is given one section of
the reading assignment to read
and study as a group. They read
the material, discuss the
contents, and clarify their
understanding of the reading
material to the satisfaction of
everyone in the group. Students
are then regrouped so that each
of the new groups has one expert
from each section of the reading
assignment. The experts teach
the new group about their
sections of the reading. By the
end of the session, all students
have a good understanding of the
entire assignment. They can then
put their knowledge to use on the
next activity.

Michael Tinnesand has been in chemical education for 23 years. He taught high school in Oregon and is a former Woodrow
Wilson Summer Institute Master Teacher and a Chemical Manufacturers Association Catalyst Award winner. He is currently the
manager of the American Chenical Society Office of High School Chemistry.
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CHAPTER SEVEN
Developing a Lesson on Changes of State

PATRICIA J. SMITH
DEPARTMENT OF CHEMISTRY
PIMA COMMUNITY COLLEGE
2220 W. ANKLAM RD.
TUCSON, AZ 85745

The focus of this lesson plan is Physical Science Standard B as quoted below from the National Science Education Standards
(NSES). The lesson will focus on onc subcomponent of the standard only, namcly, thosc fundamental concepts and principles
that rclatc to changes in statc. The lesson is also intended to be consistent with the tcaching and assessment standards and Inquiry
Standard A from the standards document (NRC, 1996). Physical Science Standard B states that

As a result of their activitics in grades 9-12, all students should develop an understanding of the structurc of atoms, the
structure and propertics of mattcr, chemical rcactions, motions and forces, conservation of energy and increasc in
disordcr, and the intcractions of energy and matter.

Developing Student Understanding

High school students develop the ability to relatc the macroscopic propertics of substances that they studicd in grades K-8 to the
microscopic structure introduced in grades 9-12. This dcvelopment in understanding requires students to move among three
domains of thought: thc macroscopic world of obscrvable phenomena; the microscopic world of molccules, atoms, and subatomic
particles; and the symbolic and mathematical world of chemical formulas, equations, and symbols. Teaching about changes of
statc involves students in moving across thesc threc domains.

The NSES provide a guide for cach standard. Under Physical Scienee Standard B, the following guidance is provided relative to
changes of statc:

Solids, liquids, and gascs differ in the distanccs and angles between molecules or atoms and thercforc the encrgy that

binds them together. In solids, the structure is nearly rigid; in liquids, molecules or atoms move around cach other but
do not move apart; and in the gascs, molcculcs or atoms move almost independently of each other and arc mostly far

apart.

Place in the Curriculum ,

The relationship between structure and propertics is a major thread running through this standard at all grade levels from K-12.
The high school scicnee curriculum provides students with opportunities to devclop an understanding of ators, molccules, and
ions and how their arrangement is related to the properties of compounds madc up of these particles. This lesson plan, for grades
9 or 10, addresses the development of the idea that the arrangement of particles, and the cnergy that binds them together, is
rclated to the physical state of a sample. A single lesson is not sufficicnt to develop a complete understanding of the relationship
of encrgy to the behavior of particles. The concept of encrgy and how it applics to phasc changes is particularly elusive and
requircs attention throughout the high school ycars in many contexts. Students need to be involved in a wide varicty of
meaningful investigations over a period of ycars to develop understanding.

Beforc instruction begins, students should understand the concept of density, that matter is made of small particlces, that potential
cnergy is energy of position, and that Kinctic cnergy is associated with moving objects.

Students should be able to describe observations orally and in writing, usc balances to measurc mass, usc graduated cylindcrs to
measure volume, calculate densities of solids and liquids, and work cffectively in a large group (whole class), small group (four
to five students), and individually. Students do not necd to understand atomic or molccular structure before this activity.

Students may hold naive conceptions, including the notions that particles of a solid arc much closcr together than the particles of
a liquid, gascs do not have mass, gas molccules expand to fill the space when a gas changes to a liquid, or that some substances
such as iron arc always solids, whercas others arc always liquids or gases.

In the following lesson, it is assumed that students arc accustomed to working productively in small groups and to accepting
individual accountability as well as group accountability. They know how to usc textbooks as reference materials, how to writc a
procedure for a laboratory investigation, how to construct written and oral reports to communicatc laboratory results, and how to
participate in a wholc-class discussion.

Engaging the Interest of the Class
Asscmble the class as a committee of the whole. Use one or morc of the following suggestions to cngage the interest of students
in the topic of the lesson. You may have other favorite demonstrations, games, videotapes, or computer simulations that you
could usc. This segment of the lesson is intended to get students intcrested, not to impart information or facts. This may be the
most important part of the scquence.
e Show descriptive portions of the “The World of Chemistry: States of Matter" videotape. At this time, do not show the
portion of the tape devoted to models. (Students will develop their own model during the activity.)

Copyright 1997, 2002 American Chemical Society
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*  Show videotape or still photographs depicting water in solid, liquid, and gascous states. (TV stations can sometimes
be persuaded to contribute such footage from their weather programs.)

»  Place 600 mL water in cach of two 1000-mL beakers. Put one beaker on a hot plate and heat until the water boils. Ask
students to obscrve carefully and record their observations. Put an ice cube in the sccond beaker and ask students to
describe the differences between ice and liquid water.

»  Locatc photographs or videotapes of changes of state of other substances, such as liquid iron formed during the
refining process or liquid glass formed in the manufacturing process.

»  Demonstrate some of the propertics of liquid nitrogen or dry ice. (Dry ice can sometimes be obtained from ice cream
stores, and liquid nitrogen may be available from welders or veterinarians.) Many demonstration books have
suggestions for demonstrations using these two materials.

Asking the Questions

Assemble the class in groups of four or five. Tell each group to make two lists: onc of facts they already know about changes of
statc and the other of questions they have about changes of state. Provide a place on the chalkboard (or give each group an
overhead transparency) for use in sharing the lists. This activity will probably take about 15 minutes, but let the discussions
continue as long as they are productive. Eavesdrop on the discussions, but try not to be drawn into contributing to the discussion
of a group.

Rcassemble the class as a committee of the whole to examine the lists. Facts on one list may be questions on another list. This is
a good place to uncover naive conceptions. Ask the class to phrase items from the lists so that they can be investigated in the
laboratory. Small groups now plan an appropriate laboratory activity to investigate onc of the questions. Remind students that
chemistry is a quantitative science, and suggest they measure variables whenever this would contribute to their investigation.
The sophistication of the questions will vary with the background of the class and the experience they have in framing questions
in this way. Questions that might be listed include

What happens to the temperature when water boils? Freezes?
What is the gas produced when water boils?

How much energy does it take to melt an ice cube? .

Do all liquids cvaporate at the same rate?

How do the densitics of solids, liquids, and gases compare?

Collecting Data

Each group of four or five prepares a written procedure, including numbered steps to use in the investigation, safety precautions,
and a list of equipment and materials necded for the investigation. This part of the lesson could be a homework assignment. Read
the procedure, safety precautions, and cquipment list carcfully, and make necessary suggestions without changing the intent of
the students' procedure. After approval of the procedure, the group scparates into two laboratory groups to carry out the
investigation independently, reassembling to discuss and interpret the two sets of results.

Explaining the Results

Now is the time to go to textbooks and other references to help explain the laboratory findings. Each group of students prepares a
written and oral report to describe their investigation and communicate the meaning of the results. (These reports can also be
used as part of the evaluation of this lesson.) Students should be encouraged to include visual aids in their oral presentation.
Following the oral presentations, the class together develops a model for solids, liquids, and gases. Ask how they would visualize
particles of gases, liquids, and solids if they could see individual molecules, atoms, or ions. Each group then adds a section to
their report to explain their laboratory observations using the model developed by the class.

After the class develops its own model, you may wish to share particle models developed by othcrs, such as those in ICE
Software, University of Wisconsin, Madison; in the videotape, "The World of Chemistry: States of Matter”; and in various
chemistry textbooks. Review the major postulates of the kinetic molecular theory for gases. Have the students work individually
on the following questions that focus on adapting the kinetic molecular theory to explain properties of solids and liquids:

»  How does the arrangement of particles change when a solid changes to a liquid?

»  Why does the temperature remain constant while a solid is changing to a liquid?

In order to change a solid to a liquid at its freczing point, energy must be added. What changes take place because of
this addition of energy? What happens to the freezing point?

Answer the above questions for changing a liquid to a gas.

Which should require more energy, changing a solid to a liquid or changing a liquid to a gas? Explain your answer.
Usc words to describe a particle model for solids, liquids, and gases.

Potential energy is energy of position, and kinetic energy is encrgy of motion. How are cach of these related to the
bchavior of the particles during changes of state? '

It is possible, but not necessary, to use any of the following 1o extend the lesson (let the ability and interest of your class be your
guide):
» calculations involving AH, and AHy,
calculations involving cooling curves,
relating the strength of intermolecular forces to boiling point and AH, , .
the relationship of phase changes and weather changes, and
crystallization and the formation of rocks and minerals.
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Possible Evaluation Items
One definition of understanding is the ability to apply the idea to a new situation. These evaluation items are based on that

definition.

Paper—Pencil
Use the particle model to explain each of the following observations. Draw pictures and/or use words.
. A burn from steam at 100 °C is significantly more severe than a bum from water at 100 °C.
e One feels cool when getting out of the swimming pool even on a very hot day.
e Dcnsities of substance in the solid and liquid state are nearly the same, but the density of the gascous form of the same
substance is often nearly 1000 times smaller.
«  Parents are sometimes told to wash the skin of a feverish baby with alcohol.
e Theice in a pond freezes from the top down, not from the bottom up.

Practical Work

You can also choose questions from the group lists that were not i igated previously. For example, plan and carry out an
investigation to compare the rates of evaporation of three liguids, or plan and carry out an investigation to determine how the
volume of a liquid varies with temperature.

Demonstrations

Perform a serics of demonstrations with students observing and using the particle model to explain their obscrvations individually

on paper. Suggested demonstrations are briefly described. Other suitable ones can be found in demonstration books and

laboratory manuals.

. Cleave a crystal of calcite by striking it with a hammer.

. Add 50 mL water to 50 mL absolute cthanol.

. Put about 5 mL water in an empty soft-drink can. Heat the water to boiling. Quickly invert the can with tongs, and plunge
the open end in ice water.

. Demonstrate surface tension by floating a ncedle on water.

REFERENCES
NRC (National Rescarch Council). 1996. National Science Education Standards. Washington, DC: National Academy Press.
The Anncnberg CPB Collection. 1997. "The World of Chemistry” (video series). Burlington, VT: Author; info@leamner.org.

Pat Smith taught for many years at the U.S. Air Force Academy High School and now teaches chemistry at Pima Community
College. She is a former mentor of the U. S. Chemistry Olympiad team, a former writer of the ChemCom industry module, and

the editor of the ChemCom Teacher's Guide (third edition). She was a member of the Content Working Group for the
development of the NSES.
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CHAPTER EIGHT

Putting “Life” into Chemistry and Vice Versa

JERRY A. BELL

AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE
1200 NEW YORK AVENUE, NW

WASHINGTON, DC 20005

From the primordial soup (or deep-sea hydrothermal vents) to the complex processes that enable you to read this sentence, life
processes are chemical processes (see Life Science Standard C of the National Science Education Standards, NSES). They are the
same chemical processes (reactions) that occur in nonliving systems. To make this apparent, we necd to include biological
chemistry in high school chemistry courses. By doing so, we can provide an intcgration of the physical and the lifc science
content standards that will enrich both. Putting "life" into chemistry, or chemistry into life, is more than simply inserting one or
two examples throughout your course. Learning about the chemistry of life processes should be an integral and essential part of
the content that our students arc expected to understand and be able to use.

The material in this chapter is designed to help you introduce some important organic and biochemical examples into your
chemistry classroom. We do not expect you to teach cither an organic chemistry or biochemistry course, mercly to broaden the
students' understanding of the breadth of modem chemistry, the central molecular scicnce. The examples given may be relevant
to both Physical Scicnce Standard B and Life Science Standard C. In order to introduce bio-examples into the traditional course,
we will change our emphasis. The changes listed in Table 8.1 will be explored throughout this chapter.

Some Organic and Biochemical Examples

Physical Scicnce Standard B states that an understanding of the structurc and properties of matter should include the concept that
"Carbon atoms can bond to onc another in chains, rings, and branching networks to form a varicty of synthetic polymers, oils,
and the large molccules cssential to life." (Notc that the units in biopolymers arc not connected by carbon-carbon bonds.) This
material can be woven into the lessons you already teach, if you select appropriate cxamples. You do not necessarily need to
teach a scparate unit labeled "Organic Chemistry.”

Somec of the inorganic model systems we usually usc to develop and illustrate important chemical principles can be replaced with
biological or organic systems that serve the same purpose and reinforee the idea that the chemistry is the same wherever it occurs.
This is not totally foreign territory. In discussions of acids and bascs, an organic acid, acctic acid, is almost universally chosen as
one of the first cxamples of a weak acid. Acetic acid is the end result of biological oxidation processes in wine and cider. For
weak bases, the choice is almost always ammonia, a choice that is casily generalizable to amines. Acids and basces arc among the
chemical reactions discussed as fundamental concepts in Physical Science Standard B.

When reaction rates and catalysis arc discussed (also a componcent of Physical Scienee Standard B), enzymes arc almost always
mentioned. Their exquisite substrate sclectivity can be exploited in demonstrations and experiments to illustrate the consequences
of molecular structure.

The most important process on Earth, photosynthesis, brings together reactants from the nonliving world—carbon dioxide, water,
and light—into living systems and plants, to form organic compounds (simple sugars) and oxygen. An understanding of
photosynthesis is a component of both Physical Science Standard B and Life Science Standard C. Examples that overtap both
standards arc abundant; we should take advantage of them to reinforce student learning and bring about the changes in cmphasis
outlined in Table 8.1.

Water-More Than Just a Solvent
Water is a very familiar but sometimes misunderstood compound. Its role in biological systems gocs beyond that of the
"universal solvent." For cxample, the formation of all "polymeric” biochemical structures (fats, nucleic acid backbones, proteins,
starch, and cellulose) involves the loss of a molecule of water as each new carbon-oxygen, carbon-nitrogen, or phosphorus-
oxygen bond is made. Conversely, when these structures are broken down, as they must be when they are no longer needed, or
when they are used as a fucl

source, water is onc of the Table 6.1
reactants. All of these bond- Changing Emphasis jn Introductory Chemistry
breaking reactions are Do Less of This Do More of this
hydrolyscs.
Using inorganic cxamples to develop chemical | Using organic and biochcmical cxamplcs to
In living systems, the hydrolysis concepts develop chemical concepts.
rcactions arc all favored, that is,
the polymeric specics arc Introducing watcr as simply a solvent Introducing watcr as a reactant and product in

unstable with respect to biochemical systems

hydrolysis. This is onc cxample
of the universal tendency toward
less ordered and less organized
structures (an cssential concept
found in Standard B). Individual
units in a polymer arc strung
together like beads in a necklace; the units constrain onc another's movement. When the units are scparated (the necklace is
broken), they are free to move about unconstrained by each other.

Introducing the carbon framework and naming | Introducing the structurc and polarity of organic
simple organic compounds functional groups

Giving no rationalization for the reactivity of Illustrating the systemic reactivity of organic
noreamic & . L
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Life is possible because the hydrolysis reactions are slow in the absence of catalysts, so the polymers can exist long enough to do
their jobs. A large proportion of metabolic reactions that require a source of energy get the required energy from the exothermic
hydrolysis of phosphoric acid anhydride bonds, for example, in ATP, adenosine triphosphate (Physical Science Standard B and
Life Science Standard C). The ATP itself is produced in other reactions that haress the energy released in the oxidation of fuel
molecules from the food we eat (see Life Science Standard C). Anhydrides and their role in biological systems are not suggested
as topics for inclusion in an introductory course but are mentioned herc as one more example of the ubiquity of hydrolyses in life
processes.

Thus, water is far from being simply an "inert” solvent for transporting species from one place to another in the organism or cell,
and bringing reactants together. It is an cssential participant in many biological reactions. This role of water is rarely stressed.
Textbooks tend to focus on the many interesting physical propertics of water (high heat capacity, high enthalpy of vaporization,
expansion upon freezing, and so on) that make it a unique solvent. Even the solvent propertics of water in relation to
biomolecules are often ignored. Further, the esscntial role of water as the source of "reducing power" (hydrogen atoms) in
photosynthesis is almost never included in introductory courses in chemistry or biology.

Structure and Polarity of Organic Functional Groups

It is easy to see that including more biological chemistry in the introductory chemistry course implies that more organic
chemistry also has to be included so that students can understand something of the structure and reactivity of biomolccules. An
emphasis on just a few kinds of compounds (alcohols, carboxylic acids, ketones, aldehydes, and amines) and their functional
groups rcduces the burden this places on the course. These can be introduced and used as examples when molecular bonding,
structure, and gcomcetry are developed (Physical Science Standard B).

It is particularly important to stress the polarity of the bonds in the functional groups based on electronegativity arguments, the
partial charges on the atoms, and experimental evidence for polarity. The partial positive charge carried by the carbonyl carbon
and partial negative charges on the oxygen and nitrogen in alcohols and amines, respectively (see Figure 8.1 below), are central
to many of their reactions in living systems. Note that the diagram focuses on the functional group and not the rest of the
molecule (designated as R or R"). Getting the students to identify functional groubs is good practice but is a secondary concern in
an introductory course.

FIGURE 8.1

qu“ 8. | s L : : However, if functional group polarity and its consequences are
’ not emphasized in the introductory course, students are often
'l'he POlﬂl‘l"y Of Some Orgumc -1 left with the impression that organic molecules are somewhat
“inert." Hydro+ carbon chains in oils and polymers do tend to
COMPOUHJS : S be inert and water-insoluble, which is what makes them so
useful as lubricants and in other everyday materials. When
attention is centered on the carbons, functional groups tend to
get left out because they complicate the structural picture and
make the compounds hard to name. Let me emphasize that
counting carbons and naming hydrocarbon chains are not
supported by the standards and are not the appropriate

. 'OICOhO'. - amine chemistry for an introductory course.
NN R - : When the focus is on functional groups, a different picture of
Cufbfm)" -ComPOU“dS, ’ . | organic molecules emcrges. Functional-group polarity tends to
o L . - make organic compounds water-soluble. Ethane, CH3CH3, is
o & o o & o L very insoluble in water; add an -OH group and the cthanol
" " oo " ) " . . formed, CH3CH2OH, is infinitely miscible with water.
§ I 5+ 8+' Everyone knows that sugar (sucrose) is very soluble in water;
sucrosc has 10 -OH groups that can interact with water.
R./ \ O H R/ \ / \ Students should learn from such examples to generalize about
: : oy - the water-solubility of organic compounds with onc or more
Cmboxyhc gud” - uldehyde o ketone_ o functional groups. However, the organic generalization they

usually learn is "oil and water don't mix."

1f challenged, many students are puzzled by the behavior of sugar, because it is a relatively high molecular mass organic
compound. However, because it does not fit the rule and is a crystalline white solid like salt, most students do not consciously
think of sugar as an organic compound. Here, an obvious learning objective is a better understanding of the solvent role of water
in living systems, where many of the molecules are large but are relatively water-soluble because of their functionality.

Systematic Reactivity of Organic Functional Groups

We do not intend that you go into great detail on the systematic reactivity of organic functional groups—remember that the
standards are designed for 4/l students, not only Advanced Placement students. However, at a minimum, your students should
learn that clectron distribution in molecules is responsible for chemical rcactivity, and that interactions of more positive with

more negative centers in atoms, ions, and molecules can be used to explain and predict the outcomes of a very large percentage of
chemical reactions. The mechanistic details should be left for second-year and later courses taken by those students whose carcer
goals include the sciences.

Functional group polarity makes organic compounds quite reactive under rather mild conditions, for example, in a living cell.

Copyright 1997, 2002 American Chemical Socicty
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Glucose test strips can be used to test for the formation of glucose. Exploring the chemistry of various glucose tests, which
usually involve at least one enzymatic reaction, could extend this carbohydrate investigation.

As part of a unit on chemical reactions, students can investigate the interfacial reaction of a diacid derivative and a diamine (the
"nylon rope trick") to discover the conditions required for making the best nylon strand (Bieber, 1979).

The decomposition of hydrogen peroxide to produce oxygen and water is catalyzed by a wide variety of inorganic species and
organic/biological systems. (Borer et al., 1996). Most of the latter involve the enzyme catalase, which is present in plant and
animal tissues, to help get rid of the hydrogen peroxide formed in various oxidation reactions. The more catalase present in a
tissue, the faster the tissue can break down peroxide.

The production of oxygen (above control levels) from a solution of hydrogen peroxide and some tissue, or tissue extract, signals
the presence of catalase (or another catalyst for the breakdown). Thus, oxygen production can be the basis for an investigation of
the catalase content of different tissues and organisms, or of environmental effects (e.g., pH or temperature) on the system. Gas
evolution can be measured (thus providing an application for the gas laws) conventionally by displacement of water or, more
conveniently and on a smaller scale, with a gas pressure probe. Among the plant tissues to investigate are tubers and bulbs; yeast
is also an interesting organism to explore.

One yeast reaction to investigate is alcoholic fermentation, the production of ethanol and carbon dioxide from carbohydrates.
Since one of the products is a gas, this reaction, like the decomposition of hydrogen peroxide, is easy to follow by gas evolution.
Students can investigate a variety of questions: Is the evolved gas really carbon dioxide? Do all carbohydrates ferment at the
same rate? Do all yeasts ferment carbohydrate at the same rate? [s air required for fermentation to occur?

What are the effects of other environmental factors (e.g., pH, temperature, or other substances in solution) on fermentation?

Note that both the decomposition of hydrogen peroxide and fermentation are examples you can use when studying redox
reactions:

2H,0; 2 2H,0+ O,

cH 1206 (glucose)> 2C,HsOH + 2C0,

These are both examples of disproportionate reactions, in which one element in an intermediate oxidation state is both oxidant
and reductant. To see this, use the usual oxidation numbers for atoms: 0 for elements, -2 for oxygen (except in peroxides), and +1
for hydrogen. In peroxide, each oxygen has an oxidation number of -1. In the products, the two oxygen's in the water have -2
oxidation numbers and those in molecular oxygen, an oxidation number of O. Two of the peroxide oxygen's each gain an electron
(are reduced) and two each lose an electron (are oxidized).

For the fermentation reaction, the average oxidation numbers of the carbons in glucose, ethanol, and carbon dioxide are,
respectively, 0, -2, and +4. On average, four of the carbons in glucose gain electrons in forming ethanol; these electrons come
from the two carbons that lose electrons to form carbon dioxide.

Carbon dioxide and water are a very interesting acid-base system. They can react to form carbonic acid, an organic acid,
0=C(OH),. (Or is it an inorganic acid? We usually think of calcite, calcium carbonate, as an inorganic mineral, but where did the
carbonate come from?) This reaction and its reverse to form carbon dioxide and water are rather slow. Therefore, when produced
in our cells, carbon dioxide and water alone would react only slowly to form carbonic acid (and hence bicarbonate ion, the form
in which much of it travels in the bloodstream). When the carbonic acid (bicarbonate) reaches our lungs, it needs to revert to
carbon dioxide in order to be excreted from the body. But this reaction is also naturally slow and would not occur in the few
seconds the blood spends in the lungs. The consequence is that we would quickly asphyxiate in the product of our own
metabolism if there were not some way of speeding up the hydration and dehydration of carbon dioxide.

These reactions are catalyzed by the enzyme carbonic anhydrase in our blood. The uncatalyzed and catalyzed (by the enzyme
purchased from a biochemical supplier) reactions are easily studied in aqueous solutions of carbon dioxide (club soda) by adding
some base and timing how long if takes to neutralize it (Bell, 1985). The reaction can be followed colorimetrically with an acid-
base indicator or with a pH electrode interfaced to a computer.

A study of photosynthesis presents ample opportunities for inquiry that could extend through the entire course as different aspects
are investigated, or be introduced as a culminating project. The overall photosynthetic reaction is usually written as

6C0,(g) + 6H,0(I) — CeH1206(aq) + 60:(g)
This is another example of a redox reaction. Have the students prove this for themselves. Note that the role of water as a source
of electrons in photosynthesis is another example of the enormous importance of water in biological systems that is often

overlooked at the introductory level.

Students can investigate the redox process in an aqueous system containing a water plant or chloroplasts (Chan, 1996; Barcelo
and Zapata, 1996; Holman, 1996). Dyes that change color when they are reduced, notably 2,6-dichlorophenol
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Glucose test strips can be used to test for the formation of glucose. Exploring the chemistry of various glucose tests, which
usually involve at least onc enzymatic reaction, could extend this carbohydrate investigation.

As part of a unit on chemical reactions, students can investigate the interfacial reaction of a diacid derivative and a diamine (the
"nylon rope trick") to discover the conditions required for making the best nylon strand (Bieber, 1979).

The decomposition of hydrogen peroxide to produce oxygen and water is catalyzed by a wide variety of inorganic species and
organic/biological systems. (Borer et al., 1996). Most of the latter involve the enzyme catalase, which is present in plant and
animal tissues, to help get rid of the hydrogen pcroxide formed in various oxidation reactions. The more catalase present in a
tissue, the faster the tissue can break down peroxide.

The production of oxygen (above control levels) from a solution of hydrogen peroxide and some tissue, or tissue extract, signals
the presence of catalase (or another catalyst for the breakdown). Thus, oxygen production can be the basis for an investigation of
the catalase content of different tissucs and organi or of envirc | effects (e.g., pH or temperature) on the system. Gas
evolution can be measured (thus providing an application for the gas laws) conventionally by displacement of water or, more
conveniently and on a smaller scale, with a gas pressurc probe. Among the plant tissues to investigate are tubers and bulbs; yeast
is also an interesting organism to explore.

Onc yeast reaction to investigate is alcoholic fermentation, the production of cthanol and carbon dioxide from carbohydrates.
Since one of the products is a gas, this reaction, like the decomposition of hydrogen peroxide, is casy to follow by gas evolution.
Students can investigate a variety of questions: Is the evolved gas rcally carbon dioxide? Do all carbohydrates ferment at the
same ratc? Do all yeasts ferment carbohydrate at the same rate? Is air required for fermentation to occur?

What are the effects of other environmental factors (e.g., pH, temperature, or other substances in solution) on fermentation?

Note that both the decomposition of hydrogen peroxide and fermentation are examples you can use when studying redox
reactions:

2H,0, 2 2H,0 + O,

§H1204 (glucose)-> 2C,HsOH + 2C0,

Thesc are both examples of disproportionate reactions, in which onc element in an intermediate oxidation state is both oxidant
and rcductant. To sec this, use the usual oxidation numbers for atoms: 0 for elements, -2 for oxygen (except in peroxides), and +1
for hydrogen. In peroxide, each oxygen has an oxidation number of -1. In the products, the two oxygen's in the water have -2
oxidation numbers and those in molecular oxygen, an oxidation number of O. Two of the peroxide oxygen's cach gain an clectron
(are reduccd) and two each lose an electron (are oxidized).

For the fermentation reaction, the average oxidation numbers of the carbons in glucose, cthanol, and carbon dioxide are,
respectively, 0, -2, and +4. On average, four of the carbons in glucose gain electrons in forming cthanol; these clectrons come
from the two carbons that lose clectrons to form carbon dioxide.

Carbon dioxide and water arc a very interesting acid-base system. They can react to form carbonic acid, an organic acid,
0=C(OH),. (Or is it an inorganic acid? We usually think of calcite, calcium carbonate, as an inorganic mineral, but where did the
carbonate come from?) This reaction and its reverse to form carbon dioxide and water are rather slow. Therefore, when produced
in our cells, carbon dioxide and water alone would react only slowly to form carbonic acid (and hence bicarbonate ion, the form
in which much of it travels in the bloodstream). When the carbonic acid (bicarbonate) reaches our lungs, it needs to revert to
carbon dioxide in order to be excreted from the body. But this reaction is also naturally slow and would not occur in the few
scconds the blood spends in the lungs. The consequence is that we would quickly asphyxiate in the product of our own
metabolism if there were not some way of speeding up the hydration and dehydration of carbon dioxide.

These reactions are catalyzed by the enzyme carbonic anhydrase in our blood. The uncatalyzed and catalyzed (by the cnzyme
purchased from a biochemical supplier) reactions are casily studied in aqucous solutions of carbon dioxide (club soda) by adding
some basc and timing how long it takes to neutralize it (Bell, 1985). The reaction can be followed colorimetrically with an acid-
base indicator or with a pH clectrode interfaced to a computer.

A study of photosynthesis presents ample opportunities for inquiry that could extend through the entire course as different aspects
arc investigated, or be introduced as a culminating project. The overall photosynthetic reaction is usually written as

6C0x(g) + 6H,0(1) ~ C4H,;04(aq) + 60(g)
This is another cxample of a redox reaction. Have the students prove this for themselves. Note that the role of water as a source
of electrons in photosynthesis is another example of the cnormous importance of water in biological systems that is often

overlooked at the introductory level.

Students can investigate the redox process in an aqueous system containing a water plant or chloroplasts (Chan, 1996; Barcelo
and Zapata, 1996; Holman, 1996). Dyes that change color when they are reduced, notably 2,6-dichlorophenol
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TABLE 8.2
Correlations of the NSES to Organic/Biochemical Topics
STANDARD ORGANIC/BIOCHEMICAL TOPIC
Inquiry Standard A: All Suggested Investigations Can be Inquiries
Abilities Necessary to do Scientific Inquiry Use probewarc and computers as suggestcd
Usc technology and math Empbhasize inductive reasoning and inference from
Formulate and revisc explanations, models observations, e.g., solubility of sugar

Prequisite to Understanding Bonding
N Electron-rich atoms in on¢ molecule are attracted to

Physical Science Standard B: more positive electron-poor atoms in another
Structurc of Atoms Variety of bonding geomctries for groups 4, 5, and 6
Structure and Properties of Matter atoms providcs great structural variation

Atoms interact by sharing clectrons, outer elcctrons govern Stercochemistry; specificity of enzyme reactions such
chemical propertics as salivary amylasc; thc nonrandom, 3-D shapes of
Atoms have periodic properties protcins, nucleic acids

Bonds are formed by clcetron-sharing Interactions among Wide variation in the R groups attached to functional
molecules are determincd by their bonding and structure groups (Note that units in biopolymers are not

Carbon atoms can bond togethcer in chains, rings, and connccted by carbon—carbon bonds.)

networks, including polymcrs All rcactions from this chapter: fermentation, starch
Chemical Reactions hydrolysis, photosynthcsis, mctabolism, ctc.

Chemical reactions occur all around us Photosynthesis, metabolism, including ATP production
Chemical reactions release or consume energy and use

Many reactions involve transfer of electrons Photosynthesis, fermentation, peroxide decomposition
(oxidation/reduction) Side groups on proteins and the solubility properties of
Many reactions involve transfer of protons (acid/base) proteins

Reaction rates depend on fundamental properties including Hydrolysis of biopolymers, decomposition of peroxide,
shape, of the reactants phenolphthalein decolorization in base

Catalysts control reaction rates, and enzymes are the Enzymatic hydrolysis of biopolymers (amylase,
catalysts in biological systems protcinases) and peroxide decomposition (catalase)
Conservation of Energy and Increase in Disorder Instability of all biopolymers to hydrolysis; energy
Everything (including matter) tends to become less input required to synthesize biopolymers

organized with time Photosynthesis

Interactions of Matter and Energy Wavelength dependence of photosynthesis

Waves have energy and can transfer it when they interact Wavelength dependence of photosynthesis

with matter

Energy of clectromagnetic waves comes in packets that
depend on wavelength

Molecules gain or lose energy in discrete amounts

Life Science Standard C: (See this entire chapter.)
The Cell ’ Photosynthesis

Most cell functions involve chemical reactions
Plants carry out photosynthesis

indophenol (also used as a redox titrant for vitamin C), can be used in colorimetric procedures 1o follow their interception of
electrons (or equivaleni) in the redox pathway.

Since CO2 is an acidic oxide, a decrease or increase of its concentration in aqueous solution should lead to changes in the
solution pH. Similarly, the dissolved oxygen concentration (or pressure of oxygen over the solution) should change, depending
on whether there is a net increase of O2 by photosynthesis or a net decreasc of O2 by respiration.

Energy from light is required for photosynthesis. Students can study the effect of different energies of light, that is, colors or
wavelengths, using filters on the light source (Physical Science Standard B: interactions of energy and matter).

The list of examples is endless. The references in this chapter are simply starting points. You and your students can scan the
journals and technical newsletters that cross your desk or arrive in the school library for more idcas. And your students can
develop their own projects based on the questions they have about the systems you are studying or that are mentioned in their
texts and other reading. Beginning with the chemical-biological interconnections outlined in this chapter, you can continue to
build your repertoire of replacements for some of the traditional inorganic examples and investigations. You will be addressing
the fundamental concepts and principles found in the NSES (see Table 8.2), you will add life to your chemistry, and you and your
students will have fun.
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CHAPTER NINE

“Grounding” Chemistry with Earth and Space Science

BONNIE J. BRUNKIHORST

DEPARTMENT OF GEOLOGICAL SCIENCES

DEPARTMENT OF SCIENCE, MATHEMATICS AND TECHNOLOGY EDUCATION
CALIFORNIA STATE UNIVERSITY, SAN BERNADINO

5500 UNIVERSITY PARKWAY

SAN BERNADINO, CA 92407

Jennifer slapped the lab bench. "OK, I got it! He'll never fool me again.” She was examining a tray of minerals to identify them
by using their characteristic property of cleavage. She had hit the chunks of halite several times. They always broke in smooth-
surfaced little cubes. (Students of all ages do like to break up rocks and minerals when given the chance.)

Her brother had apparently exchanged the ingredients in the salt shaker and sugar bowl so often at home that she was afraid to
use cither onc anymore. Now she felt empowered with her uscful knowledge. She could tell which was salt and which was not
because she knew that halite was a dirty variety of table salt (sodium chloride), a mincral with characteristic cubic cleavage. She
was also ready to learn why halite always cleaves in three directions to form cubes. She will have a frame of reference to
understand how sodium and chlorine are bonded in a cubic crystal structure, because this conncets with powerfully uscful
knowledge for her—in this case, defeating her brother.

The National Science Education Standards (NSES) call for teaching a core of science knowledge, understandings, and abilities to
all students. To accomplish this, we nced to identify the many arcas of content overlap found in the NSES. Earth and space
science can help add a context to chemistry classes, allowing the tcacher to address components of both Physical Science
Standard B, and Earth and Space Science Standard D.

Many chemical and earth scicnce concepts can be built on the understanding that rocks are made of minerals, and that minerals
have definite chemical compositions and crystal structures that give valuable clues to past cvents. For instance, the alpha proton
X-ray spectrometer aboard the Mars rover, Sojourncr, is used to understand the chemistry of Martian rocks using spectral
analysis, from which the history of Mars can be inferred. People seem to care about what happened on Mars because Mars might
be like our planet, and we arc naturally interested in oursclves. Is there life there? What can the rocks tell us about possible life
on Mars? What can Martian rocks tell us about the evolution of our own planet? Much of the cvidence available to us to answer
to these questions is based on chemistry. Chemistry is one of the most uscful tools of carth and space science rescarch. By
introducing students to the conncctions among past and modem scientific questions, through connecting science disciplines, it is
possible to include all of the grades 9-12 content standards in a requircd sct of revised high school science courses.

Using Earth Science to Enhance the Breadth of Chemistry in the Standards

Jennifer’s knowledge of the structure and propertics of a sodium chloride crystal, the mineral halite, can serve as a simple
cxample of how the Physical Science Standard B can be addressed using carth science content as a context for developing
understandings in chemistry across the content standards. For grades 9-12, Standard B (NRC, 1996) calls for teaching the
following: Structure of Atoms

Because of the atomic structures of sodium and chlorine, they form ionic bonds in the crystalline structure of halite or table salt.
The same holds for all chemical compounds found in minerals.

Structure and Properties of Matter

Predictable chemical composition and erystal structures determine the propertics of mincrals in Earth's and Mars's rocks.
Converscly, the propcrties of minerals give clues to the chemical composition of the minerals and therefore of the rocks, because
rocks arc aggregates of mincrals. Halite formation usually requires a source of sodium chloride, water for a solvent, and a set of
environmental conditions for precipitation from solution. From the chemistry of the rocks, many questions of origins,
availability, and uses can be answered.

Chemical Reactions

Predictable compound formations and solutions take place in and on Earth and on Mars, depending on the clements and energy
available. The 12 clements that occur in the most abundance in the Earth's crust are the main chemical constituents of the
minerals. They are, from the most abundant by weight pereentage: oxygen, silicon, aluminum, iron, caleium, magnesium,
sodium, potassium, titanium, hydrogen, manganesc, and phosphorus (Skinner and Porter, 1995).

Sodium chloride deposits around the planet give a history of locations of salt concentrations and precipitation that can tell us of
past environmental conditions in the deposition locale. Human influences can affect compound formations and thus cventually
Earth processes such as the hydrologic cycle and groundwater filtration.

Chemical weathering includes the production of carbonic acid by the dissolution of carbon dioxide in water, hydrolysis of
potassium feldspar, oxidation of iren, dehydration of minerals such as gocthite, and the dissolution of carbonate mincrals by
carbonic acid. Such weathering affects the distribution of rocks and mincrals and thereby the landforms and water bodics that
support (or do not support) lifc on this planet.
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Motions and Forces

Atomic forces, gravity, and the kinetic molecular theory all relate to conditions that generate igneous, metamorphic, and
sedimentary rocks. Halite is a mineral found in chemical sedimentary environments, where precipitation from solution is
possible.

Kinetic molecular theory and gas laws cxplain many of the variables invelved in atmospheric patterns, weather, and climate.
Mcteorology is onc of the scicnces included in earth science.

Conservation of Energy and Increase in Disorder

The distribution of matter and energy through interacting Earth systems contributes to creating the quict sedimentary
cnvironments where sedimentary minerals and rocks can be precipitated from solution. Precipitation may result from
biochemical reactions (plants in sca water can decrease acidity and cause calcium carbonate to precipitate) or inorganic reactions
(cooling water in hot springs can allow opal or calcite to be precipitated).

Interactions of Energy and Matter

Factors contributing to the distribution of matter and energy within and betwcen Earth and space systems include solar fusion
releasing solar energy; the creation of Earth materials from stellar fusion, radioactive decay, and gravitational energy acting on
Earth materials; heat transfers through convection propelling the Earth's plates; plate movement and position in relation to the
equator where solar insolation (incoming solar encrgy) is greatest; changes of state of water; and movement of water resulting
from insolation. All of these factors contribute to the formation of halite.

The cxnmble of halite can also be used to address components of the Unifying Concepts and Processes Standard:

Systems, Order, and Organization
Orderly crystal structures result from conditions in hydrological and rock cycle systems.

Form and Function

External forms reflect internal crystallography, which determines the properties and uses of materials (from Earth or Mars). The
mining of halite, which sometimes takes place under citics, can be introduced to address some of the learning goals associated
with Science and Technology Standard E. Salt usage is relevant to Science in Personal and Social Perspectives Standard F. For
centuries, salt has contributed to human survival through the preservation of food. At onc point in human history, salt was so
important that it became a medium of cconomic exchange. Salt has also been deadly for living organisms in highly salty water
basins like the Great Salt Lake, the Dead Sca, and increasingly the geologically recent Salton Seca in California. The reasons salt
is so deadly to life lead into the biochemistry of Life Science Standard C.

The chemistry related to the ionically bonded salt sodium chloride is important to human beings and is therefore an interesting
way for students to learn a lot of chemistry-related concepts identified in the content standards. Chemistry can be fascinating.

All of the chemistry cited thus far has been "mined” from the NSES without mentioning the Earth and Space Science Standard D,
examples from which follow below. However, all of the above examples arc derived from Standard D. The standards allow us
to introduce topics and concepts that will pcrform a double duty: simplifying curriculum planning and teaching.

Your Particular High School Courses

The NSES describe what science content all students should learn in grades 9-12. Considering traditional high school courses
and who takes them, there is a gap when it comes to carth and space science in particular. Most students take biology, about half
take chemistry, fewer than a quarter take physics, and still fewer even get the chance to study carth and space science. How can
course offerings be redesigned so that students arc not deprived of the opportunity to take a broadly based science curriculum?

In most situations, the quickest fix is to redesign existing high school science courses, including chemistry. "Reduce” is the first
step in modernizing most high school science courses. For chemistry, a comparison of the traditional chemistry course content
with Standard B makes the reduction fairly straightforward. The next step is to identify what other content standards can be
included in which courses, so that a required combination of courses can be provided by the science department that will, in toto,
cover all the fundamental concepts and principles described in the content standards.

Much of the chemistry embedded in the NSES can be taught in conjunction with earth and space science, especially as a context
for the useful chemistry involved. Earth scientists consider chemistry one of their "tools." "Turn around is fair play." Chemists
can consider carth science a tool for chemistry. Jennifer's intcrest in the mineral halite is onc example of how to bring the two
sciences together.

Using an carth science context to teach chemistry is an cffective way to introduce matter and energy relationships in interacting
and closed systems. Earth sciencc is based largely on interacting systems and subsystems, for example, water-based liquid
solutions move, evaporate, sublimate, condense, and percolate. Elements and compounds precipitate out of solution. Energy is
transferred and distributed through interacting Earth systems (Physical Science Standard B: Chemical Reactions, Interactions of
Matter and Encrgy). The interacting systems and subsystems of the water cycle and rock cycle are concrete carth science
examples that provide a context for learning chemistry.

Each of the content arcas in the NSES addresses only one part of the total description and explanation of the natural world.
Subject matter taught in isolation does not have as much appeal to the majority of students as subject matter presented in context.
It was not by accident that the criteria for sclection of the Unifying Concepts and Processes begin with the statement, "The
concepts and processes provide connections between and among traditional disciplines.”
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An Earth Science Context for Chemistry Assessment
Therc are many opportunities for dcveloping ongoing and culminating assessments (sce Chapter 14) in chemistry that can be
stated in an earth scicnce context. For instance, the scenario of Jennifer and her mischievous brother could be used for the
following assessments:
e Jennifcr wants to find out if her brother has switched sugar for salt in the saltshaker. How could she find this out?
Include an cxplanation of the atomic structure and properties of crystalline matter, with halitc as your model.
e Devise an analysis procedure that Jennifer could use to differentiate among small white mincral fragments. Explain the
structure and propertics of matter on which shc could base her analysis.
e You have discovered a precipitate in a stream leading to a salmon hatchery (or a public water supply reservoir or in an
apparent dry stream bed on Mars).
e Describe (using a hypothetical or real substance) its crystal structure and possible chemical composition related to its
e physical propertics. 1dentify what mincrals it could be, using a mineral chart (at the back of most carth science
textbooks).
e You think you have found a new mineral (a chcmical compound). Explain why and give it a name. What type of
planctary environment could have produced this particular mincral? Explain why this could or could not be a mincral
found by Sojourncr on Mars.

Assessmients should be ongoing and require new thinking on the part of the student, leading 1o enhanced, ongoing learning.

Thus, assessment can do double duty for the teacher (assess and teach) and make chemistry more interesting for everyone.
Students actually want 10 discuss answers after creative assessment, if new applications for their thinking are required. They will
want 1o discuss whether there are definite answers possible bused on the available chemical evidence (see the History and
Nature of Science Standard G).

Earth Science Applicavtions: Unifying Concepts and Processes
Basically, all of chemistry is derived from earth and space scicnce, from the origin of the universe to the evolution of the Earth
system. All of the matter-matter and matter-cnergy interactions address the overlap betwecn chemistry and carth and space
science. The following examples identify some chemistry-bascd carth and space science concepts that could find their way into
chemistry classes. Physical Science Standard B has alrcady been discussed, particularly in connection with halite, but all of the
_examples could be applied in broadcr contexts than for just one particular mineral. They relatc to the other content standards and
represent a possible starting point. The first examples address the learning goals of the Unifying Concepts and Proccsses
Standard:

Systems, Order, and Organization

The planet Earth has differentiated layers caused by the characteristics of the el s, their compounds and densities, and
sufficient energy to allow for movement. Iron and nickel are concentrated in the core; silicon, aluminum, sodium, and potassium,
in the crust. Atmospheric gases, including mainly water vapor, CO,, and CH,, escaped by volcanism (Skinner and Porter, 1995).
Minerals (compounds and elements) have predictable patterns of order among their elements and are organized in
crystallographic systems. The interaction of Earth and space systems involves matter and energy exchanges (e.g., atmospheric
systems to hydrologic systems: wind to ocean waves, water vapor to surface water).

Evidence, Models, and Explanation
Spectrographic evidence indicates the chemical composition of rocks on Mars. Red sands on the beaches of Puerto Rico give
evidence of oxidation of iron and indicate a source of iron and of oxygen in the region.

The measurement of radioactive decay of elements in minerals, based on known rates of decay and ratios of isotopes present in
rocks, gives evidence of ages of events that cannot be recreated for direct analysis. A model of the structure, densities, states of
matter, and chemical compaesition of Earth laycrs can be constructed from indirect evidence (propagation of scismic waves).
Explanations of the evolution of lifc on Earth can be developed in part on the basis of chemical analysis of organic functions
(acrobic or anacrobic) and the geologic evidence of the chemical environments availablc and necessary to support that life at that
time.

Change, Constancy, and Measurement

Geological data, based in part on rock and mineral chemistry, give evidence of constant changes on the planet Earth. For
example, granite is made of quartz (SiO,) and various types of feldspar, including potassium aluminum silicate. Chemical
weathcring, by hydrolysis, of potassium feldspar produces a clay, kaolinite. Breakup, transport, sorting, and deposition of
granite's quartz and clay give evidence of constant change on the planct. Measurement of the specific gravity of minerals is one
way to identify their composition.

Evolution and Equilibrium

Evolution of organic populations and their equilibrium within the bounds of their supporting environments and chemical needs
(i.c., availablc oxygen and nitrogen) are evident in the Earth's fossil record.

Evolution and equilibrium of the Earth and its atmosphere arc based on the chemistry of the availablc matter and its interactions
with the available cnergy. A change in cither alters the equilibrium; for example, a reduction in the insolation available can
change the amount of oxygen and carbon dioxide in the atmosphere and destroy the extant equilibrium.

Form and Function

The external form of a mineral results from its internal chemical (erystallographic) structure, which is controlled by the bonding
possible. External forms and internal chemistry determine propertics and uses.
Copyright 1997, 2002 American Chemical Socicty
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For cxample, diamonds have strong, three-dimensional, covalent bonds among the carbon atoms, cach atom sharing its four outer
clectrons with four other carbon atoms. Graphite has two-dimensional covalent bonding with weak van der Waals bonding
between shects. Diamonds are hard; graphite shects easily, making it a good lubricant.

Inquiry Standard A

Abilities To Do Scientific Inquiry

The interactions of encrgy and matter, and the conservation of matter, can be explored in the context of disposal and/or recovery
of chemical wastes. Many years after disposal, the wastes may causc a variety of problems, some of which may be rclated to the
formation of new substances. What are the properties of thesc new compounds, and how could they be neutralized, diluted or
recovered?

Understanding about Scientific Inquiry

The usc of dircet lines of cvidence in scientific inquiry is relatively casy to cxperience in traditional chemistry. Lines of cvidence
that usc chemistry for indircet evidence of past cvents (¢.g., the age of the Earth, of fossils) or for developing medels for systems
that are not dircetly accessible (structurc of the Earth) give a broader picture of scientific rules of cvidence.

Earth and Space Science Standard D
Earth and Space Science Standard D has categorized fundamental concepts and principles in four areas. Each area contains
lcarning goals of relevance to chemistry teachers.

Energy in the Earth System

The sun, the radioactive decay of isotopes, and the gravitational cnergy of formation provide the cnergy that moves throughout
the interacting Earth and space systems, moving water, rock, mantle and corc material, and gases. The chemical compoesition and
intcractions of all matter determine the propertics of the building blocks for Earth and the lifc it supports.

Geochemical Cycles

The amount of mattcr on the Earth is finitc (cxcept for trapped mctcorites!) and movces, powered by solar and Earth cnergy
sources, among rescrvoirs (the solid Earth, the occans, the atmosphere, and organisms). As it cycles among these reservoirs, it
recombines as differcnt compounds and in diffcrent states of matter. The hydrologic-, atmospheric-, rock-, and carbon and
nitrogen cyeles, and their interseetions, are systems with subsystems that provide for the movement of matter within and among
Earth and space rescrvoirs.

Origin and Evolution of the Earth System

The matter and energy in the Earth system are derived from the sun. Understanding solar fusion and the creation of the clements,
the periodic arrang of the el ts, and their related chemical properties is grounded in the field of chemistry. Movement
of Earth and spacc systems involving solar matter and encrgy is the basis for the evolution of the planct. Our understanding of
rclative time for geologic cvents and evolution is based on chemistry (nuclear reactions, rates of radioactive decay of isotopes,

relcasc and capture of gascs in the atmosphere, regulation of global temperatures by the water, and carbon cycles).

Origin and Evolution of the Universe

A consideration of the physical origin of the universe centers on the nature of the origin of increasingly complex forms of matter
and of sourccs of encrgy, cspeeially nuclear and gravitational energy. The behavior of interacting systems of matter and encrgy
characterizes the cvolution of the universe.

Science and Technology Standard E

The learning goals in Science and Technology Standard E can be addressed using carth science and chemistry examples.
Evidence for the chemistry of the Earth and space has resulted from the development and usc of a wide range of technologics:
Earth- and satcilite-based tclescopces, spectrometers, extraterrestrial rovers, scismomcters, gyroscopes, global positioning
systems, ctc.).

Scicnce also contributes to Earth, space, and chemical exploration technologics: the remote-controlled bathoscape, technologics
for spacc exploration and reentry systcms, and the alpha-proton X-ray spectrometer.

Science in Personal and Social Perspectives Standard F

Population Growth

The synthesis of ammonia from nitrogen and hydrogen via the Haber-Bosch process in the carly 1900s made synthetic nitrogen
fertilizers widcly available (Smil, 1977). This has increased food production and, hence, has sustained growth in human
populations. However, the synthetic nitrogen-based fertilizers have increased and extended food production into geologically
unsuitablc land. Chemical fertilizers arc adversely affecting the groundwatcr and surface water supply in many locations.

There arc limitations on the carrying capacity of Earth (biogcochemical) systems. Geologic cvidence indicates that population
extinctions have occurred throughout geologic history. In most cases, cnvironmental support system failures and limits on
carrying capacity scem to have been the causes. The redistribution, and cextensive use, of surface water supplics increases the
suitability of land for human habitation. It also puts an increasing load on the natural Earth systems (atmospheric, soil and rock
distribution, hydrologic, biologic, ctc.).

Copyright 1997, 2002 Amcrican Chemical Socicty
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Natural Resources

Fossil fuels provide the nonrenewable encrgy sources powering the developed countries. Extensive geologic considerations are
involved in their origins, distribution, discovery, and recovery. The chemistry of the fossil fuels and the by-products of their
combustion are of great importance to humans and their Earth environment.

Inorganic minerals provide the ores, metallic and nonmetallic, on which human culture incrcasingly depends. Understanding the
origins, concentrations, locations, development, and recovery of metallic and nonmetallic ores is rooted in the geosciences. Their
chemistry is entwined with their origins, recovery, and uses.

Soils provide, or do not provide, the mineral nutrients necessary for plant growth. Animals depend on a food chain based on
plants. Thercfore, the chemistry of soils, derived from rocks and sometimes bioorganic contributors, determines the extent to
which life can survive on Earth.

Life on Earth depends on water resources and chemistry, the polarity of the water molecule, the states of matter in which water
can exist on the planet, the hydrologic cycle, and the patterns of movement of groundwater and surface watcr. Earth systems are
being strained by human use and manipulation of nonsaline water.

Environmental Quality

Chemistry and earth science are intrinsic arcas of rescarch and knowledge related to the quality of the atmosphere, the generation
of soils, the control of the hydrologic cycle, and the disposal of waste and recycling of nutrients. The chemical cycles of the
Earth support human life and are affected by human use and interventions.

Natural and Human-Induced Hazards

Hazardous changes in geochemical Earth systems may occur naturally, or as a result of human activities; for example, chemistry
(and physics) can be explored in the winds of a hurricane. Plate movements, which generate earthquakes and volcanism, are
belicved to be powered by convection in the Earth's mantle, which is heated by radioactive decay of isotopes.

Science and Technolegy in Local, National, and Global Challenges

Many challenges facing humanity today can only be addressed through the partnership of chemistry and the earth scienccs.
These challenges include disposal of chemical wastes that are seeping into groundwater supplics, urban smog generation and
atmosphcric patterns, fossil fuel burning for electrical gencration, and ozone depletion and UV penctration. (Ensuring that
students meet learning goals related to this component of Standard F, which requires coordination among chemistry and the earth
sciences, may provide the most important reason for all students to gain the scientific literacy envisioned in the NSES.)

The rescarch techniques of chemistry and carth and space science combined can give a more complete picture of the rules of
evidence of science and how evidence can be direct or indirect, confirming, corroborative, or contradictory. The limitations of
evidence, the need for ongoing reconsideration based on increasing evidence, and the rescarch challenges in each subject matter
arca all complement and extend the student's understanding of the nature and history of science.

REFERENCES
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CHAPTER TEN

Science and Technology Literacy and the Standards

ANN E. BENBOW

EDUCATION DIVISION
AMERICAN CHEMICAL SOCIETY
1155 SIXTEENTH STREET, NW
WASHINGTON, DC 20036

With the release of the National Science Education Standards (NSES), teachers, school systems, curriculum developers,
assessment specialists, and teacher educators have guidelines for science and technology content, processes, assessment, and
professional development. There is a science and technology content standard for each of the three grade bands (K-4, 5-8, and 9-
12). Collectively, they define what students should know and be able to do related to technology as it relates to science, by the
time they graduate. They do not represent a complete set of national standards for technology education.

By the time students reach 9th grade, they are expected to have had an opportunity to understand principles of technological
design, evaluate the effectiveness of technology, use and/or create simple technology to solve problems, and explain the
differences between the nature and purposes of technology on the one hand and science on the other. In grades 9-12, students are
expected to demonstrate "abilities of technological design” and "understandings about science and technology" at a much more
sophisticated level (NRC, 1996).

In terms of technological abilities, students are expected to design and implement technological solutions to problems from a
variety of different contexts (home, community, region, nation, world) and "meet [design] criteria while addressing conflicting
constraints." Students might be expected to develop such skills as reading and drawing simple blueprints and circuit diagrams,
working with a variety of materials to construct equipment, and using computer software. They should be able to evaluate design
solutions and then modify them as appropriate. Most important, students must be able to communicate their results to each other
and to teachers, both orally and in writing.

In terms of technological understandings, students are expected to recognize that the natures of science knowledge and
technological knowledge are different, yet they interact synergistically. They should learn about the importance of the
contributions of both to problem solving, and the risks and benefits associated with the implementation of specific technological
solutions.

Elaboration of the Content Standard

For each standard at each grade level, there is an explanatory guide that delineates fundamental concepts and principles related to
the standard. The guides to the science and technology standards, while useful in a general informational sense, are not specific
on how to help students achieve the required learning goals in terms of either knowledge or skills.

Curriculum developers and teachers who look to the NSES for guidance on how to design curricula that address the science and
technology standards are given some help in the form of introductory vignettes that illustrate what an appropriate technology
education experience should look like in the classroom. These suggested experiences are helpful to teachers by providing
exemplars, but they are limited in scope. Teachers need more help if they are to develop curricula that are designed to
incorporate the NSES learning goals.

Creating a Technology-Rich Curriculum

There are other resources to help educators develop a technology-rich curriculum. Over the past several years, the U.S.
Departments of Education and Labor have awarded grants to various organizations, including the American Chemical Society
(ACS), to develop a series of workplace competencies (knowledge and skills) that relate to the job functions of workers in some
22 different industries. A number of these so-called skills standards or voluntary industry standards relate to science- and
technology-based industries, for example, the chemical process industries (CPI), medical technology laboratories, automobile
manufacture, and biotechnology-related industries.

Not surprisingly, the ACS was asked to develop the skills standards for technicians (both laboratory technicians and plant
operators) in the chemical process industries. The recent ACS final report on this project, Foundations for Excellence in the
Chemical Process Industries, lists specific critical job functions for CPI technicians in terms of performance objectives
(Hofstader and Chapman, 1997).

The ACS Education Division is using this report and other skills standards documents, most notably skills standards related to the
bioscience industry (EDC, 1995), to inform the development of a new science and technology high school curriculum, Science in
a Technical World (Science Technology, Knowledge and Skills).
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Science in a Technical World is a two-year tech-prep program for students in | Ith and 12th grades. It consists of a series of
modules, each designed to take about five weeks of instruction, which focus on the types of problems that technicians face every
day. Each module deals with a central problem from a different industry. Working through each module, students investigate
how technicians in the industry use technology to address production problems. Students do this through hands-on laboratory
activities, and video and CD-ROM components that provide a plant tour, a virtual workplace, and embedded performance
assessment.

Modules currently under development relate to the carbonated beverage industry, wastewater treatment, biotechnology,
petroleum exploration, petroleum cracking, paint manufacture, the plastics industry, and the baking industry. An additional six
modules are planned. The first-year materials are being field tested in the 1997-1998 school year.

The Science in a Technical World program is standards-based in that the modules are "mapped” against all the NSES, not just
Science and Technology Standard E, as well as the benchmarks for science literacy produced by the American Association for
the Advancement of Science (AAAS, 1993). The modules also incorporate a number of the skills standards for both the chemical
process industries and the bioscience industry.

Although some of the learning goals of the Science in a Technical World modules are common to most high school science
curricula, many of the standards addressed in Science in a Technical World are specific to technology courses and are work-place
oriented. As they are developed, the modules are not only mapped against these standards, but may be modified to include
previously excluded standards if they are relevant to the work of the technician in each specific industry. The final six industries
will be selected to broaden the range of learning goals to address more of the national science content standards. A more specific
illustration of how Science in a Technical World modules relate to the NSES Science and Technology Standard E for grades 9-12
is shown in Tables 10.1 and 10.2. The first addresses that section of the standard related to technological design; the second
looks at technological understandings.

Equipment Management in Science in a Technical World
Not only does Science in a Technical World involve solving technology-based problems, but students will have an opportunity to
use forms of technology that they probably would
not use in a traditional science class. This use TABLEI0.1 . . . .

may be "actual," as in the laboratory, or "virtual," Technological Design and the Science in a Technical World

using the computer. To help teachers deal with Carbonated Beverage Module

. . . . !

thls,‘the .S?cxen.ce ina Techmcal World teacher's NSES STANDARD E: ALL STUDENTS

version gives instructions for how to procure, SIIOULD DEVELOP ABILI  TIES OF

build, and manage the equipment used in each TECHNOLOGICAL DESIGN ACTIVITIES INTHE SCITEKS MoDULE

module. Identify a problem or design an Students identify what could be
opportunity wrong with a carbonated beverage

Equipment includes an activated sludge tank, that is “off-spec.

student-built and -calibrated hydrometers, Propose designs and choose between Students propose a procedure for deter -
simulated laminar flow hoods, chambers and altemative solutions mining what is wrong with the off  -spec
devices for polymer testing, and so on. Field test be:’:mge‘l-r;‘f):jc;" f°'l'°t“,” 2 :"‘:'h“y of

§ . a
teachers for the program will provide feedback on g?obvl:l:s o Hinct fhe solution (o the
the management of equipment, which will later be - -
. ted into the final versions of the Implement a proposed solution. Students run a series of laboratory tests
mcorporate ! on the sample of off -spec soda to

curriculum. collect data on what might be the
problem with it,

Tracking Content Evaluate the solution and its Students analyze their soda data to
Science in a Technical World is a technology-rich consequences determine what is wrong with the soda.

. . . . Data are compared to company
curriculum at the high school level thatils using specifications for each raw material in
the NSES, the benchmarks, and the national skills the soda, as well as to specifications for
standards to help define content. [t is difficult the soda itself. Students suggest ways
enough to keep track of one set of standards; 0“";."‘)""3}"9 problem during
keeping track of several certainly.complicates manulochr ing
module development. As Science ina Technical Communicate the pr oblem, process, Students communicate the problem,

. and solution process, and solution to a representative

World modules are produced, grids are kept to Souree: NRC, 1996 from qual ity cont rol in a local bottling

track the learning goals (knowledge and skills) for industry.
each module. These grids can then be used to
relate the learning goals of the module to any of the sets of standards. These grids are evolving documents; they may change
significantly after the first field test.

Of course, the total Science in a Technical World program of 14 modules will be taught over a two-year period. All of the NSES
content standards will not be addressed over that two-year period. However, it will be clear to users of the curriculum exactly
what the relationships between Science in a Technical World and the NSES actually are.

o
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TABLE 10.2

Understandings about Science and Technology and any Science in a Technical World Module

NSES STANDARD E: ALL STUDENTS SHOULD DEVELOP
UNDERSTANDINGS ABOUT SCIENCE AND TECHNOLOGY

ACTIVITIES IN THE SCIENCE IN A TECHNICAL WORLD
MODULES

Scientists in different disciplines ask different questions,
use different methods, and accept different types of
evidence. Many scientific investigations are
[interdisciplinary].

Science in a Technical World is interdisciplinary.
Students ask questions related to biology in some
modules; chemistry and the earth sciences in others.
Investigation protocols vary, as do data sets, analysis -
methods, and types of conclusions.

Science often advances with the introduction of new
technologies. Solving technological problems often results
in new scientific knowledge.

Students use their science knowledge to solve
technological problems; as they solve the problem they
must acquire new (to them) scientific knowledge.

Creativity, imagination, and a good knowledge base are all
required in the work of science and engineering.

Students are encouraged to draw on the CD-ROM
(encyclopedia and glossary), industry contacts, the
Internet, prior knowledge, and personal creativity to solve
the central problem of each module.

Science and technology are pursued for different purposes.
Scientific inquiry is driven by the desire to understand the
natural world, and technological design is driven by the
need to meet human needs and solve human problems.

All Science in a Technical World modules involve the
solving of technology-based problems. The focus
problem for each module deals with the practical nature
of what technicians actually do in industries, meeting a
variety of human needs.

Technological knowledge is often not made public because
of patents and the financial potential of the idea or
invention. Scientific knowledge is made public through
presentations at professional meetings and publications in
scientific journals.

Source: NRC, 1996.

In many of the Science in a Technical World modules,
students deal with products and techniques that simulate
what could be considered proprietary knowledge within a
particular industry.
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CHAPTER ELEVEN
Science in Personal and Social Perspectives and ChemCom

CONRAD L. STANITSK1

CHEMISTRY DEPARTMENT
UNIVERSITY OF CENTRAL ARKANSAS
CONWAY, AR 72035

Included in the National Science Education Standards (NSES) is a content standard (F) on scicnce in personal and social
perspectives, which states (NRC, 1996):

As a result of activitics in grades 9-12, all students should develop understanding of
® personal and community health,

e population growth,

@ natural resources,

® cnvironmental quality,

® natural and human-induced hazards, and

® scicnee and technology in local, national, and global challenges.

This chapter focuses on the fourth bulleted item, the personal and social perspectives on environmental quality in terms of the
coverage and applications found in the third cdition of ChemCom: Chemistry in the C. ity. The cnvironmental quality
scction of the standard—the fundamental concepts and principles to be addressed on this topic—includes the processes whereby
humans interact with physical and chemical ccosystems (the atmosphere, soil, the water cycle, waste disposal, and nutrient
reeycling) as well as the many factors (natural and human, technological and socioeconomic) that influcnee environmental

quality.

Somc of the coneepts and principles to be addressed link more directly to biology or carth scicnees than to chemistry. However,
there are many opportunitics in a chemistry class to introduce some of these topics, the task being much simpler for a ChemCom
tcachcer than a teacher of a more traditional scicnee course, because ChemCom is organized around a number of societal issucs,
many of which address cnvironmental quality.

Two major arcas of environmental concern are air quality and water quality, both discusscd in detail in ChemCom (sce next
page). However, first lct us consider a few broader issucs related to cnvironmental quality that have the pedagogical valuc of
debunking myths or crrors by using chemical principles and data.

Some Broader Issues

1t is important for students and teachers to recognize and appreciate fully that among the most significant actions taken to address
air and watcr quality werc the passing of the Clean Air and the Clean Water Acts by Congress in the 1970s, during a period of
emerging cnvironmental consciousness, and their renewal in the 1990s. It is difficult to overstate the cnormous impact that these
acts have had on improving substantially the quality of the watcr we drink and the air we breathe. Clearly, they have made a
difference to public health and the quality of our lives. Unfortunately, many students erroncously think that air and water quality
in the United States are deteriorating. Students need to be disabused of this outlook and lcarn to appreciate how much
improevement has been and continues to be made in air and water quality.

Many students incorrectly assume a priori that the vast majority of air and water pollutants are from human sources. Humans
undoubtcdly have had an impact on environmental quality, somctimes negative. But the scope of this impact necds to be put into
the context of the magnitude of pollution from natural sources. Students need to learn to differentiate between the magnitudes of
air and water pollutants created by natural sources and thosc created by human activitics. The relevant data need to be presented
so that accurate comparisons can be made and valid conclusions can be drawn.

Students nced to recognize and interpret a striking natural irony: The major air pollutants (CO,, CO, O3, NO,, and SO,) arc only
minor components of the atmosphere. The impact of these pollutants on our health and our surroundings far excceds their
atmospheric concentrations in comparison to the overwhelming abundance of nitrogen and oxygen. Exploring the impact of
poltutants on the environment provides many opportunitics to study a host of basic chemical principles.

Balancing cquations is part of any chemistry course, a way of cmphasizing the fundamental naturc of the conscrvation of matter
(and atoms). It is not mercly a convenient way te inventory atoms; it is the way nature works. A corollary to be stressed is that
"Molccules arc transicnt; atoms are forever” (at least under normal chemical conditions). Part of the beauty and the intrigue of
chemistry lics in understanding the many transformations that molecules undergo as atoms are tugged into new and different
arrangements, that is, as they form different compounds.

Students nced to realize that, after reacting, the same atoms arc there, just in different combinations. The carbon and oxygen
atoms cxhaled as CO, by John Dalton, Linus Pauling, or Michacl Jordan could be the very ones that are incorporated into a sugar
or fat molccule in my body or in that of any other person. Atoms arc constantly being recyceled.

Pollutants have sometimes been called "atoms that are out of place.” They are atoms combined to form compounds that challenge
a "normal” chemical system to react in order to restore balance. The pollutants raisc the entropy of the operations as well as the
cost, which is sometimes substantial, to return the system to its non-polluted state.

Copyright 1997, 2002 American Chemical Socicty
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At times, technology, including chemical industrial technology, has contributed to the degradation of environmental quality by
emission of air and water pollutants. However, technology is Janus-like, creating environmental problems on the one hand and,
on the other, providing the means to rectify these problems. The methods used to raisc the quality of air and water during the
past two decades are the direct result of technological improvements and the desire to scek such changes. Better scrubbers for
smokestacks, substitutes for lead in gasoline, oxygenated fuels to reduce tropospheric ozone and photochemical smog,
automobilc catalytic converters, and the emerging “green chemisiry” movement all exemplify the development and application of
technologies in response to environmental assaults.

Creating appropriate environmental policy and implementing it require individuals who understand complex science as well as
issucs of environmental management and politics. In such matters, the science is often exceedingly complex, possibly even
contradictory, and not easily given to credible simplifying assumptions. On occasion, policy makers, who are generally not
technically trained, fail to appreciate the difficulties of cstablishing unambiguously the valid science nceessary to create
legitimate policies and to make decisions based on such policies. And, scientists, too, sometimes fail to grasp the subtleties
associated with policy making. The recent congressional debate about airborne pollutant particulate size and health cffects
cexemplifies the complexities and nuances at the intersection of science and public policy.

The ChemCom Units

ChemCom addresses dircctly many of the NSES Standard F: Environmental Quality concepts and principles by putting scicnee in
personal and social perspectives into units on water, resources, petroleum, nuclear issues, and air. The units cxplore the issues
through laboratory activitics; decision-making exercises involving role-playing, cooperative learning, and student library
rescarch; and more traditional mathcmatics-based excrcises. Each unit ends with a special decision-making activity called
"Putting It All Together," which explicitly involves students in using their chemistry knowledge to address the societal and
personal issucs that drive cach unit. '

Water

The entirc water unit explores both the conscquences and the reasons for a fish kill in the Snake River, and it even addresses the
issuc of "who pays to redress the problem?" In cxploring why the fish dicd, studcnts learn about solution chemistry, heavy ion
and other ion contamination, dissolved oxygen, and biochemical oxygen. Thc issues of quantity and quality of water for personal
use arc taken up in this unit. This gives students the opportunity to discuss dircct and indircct water use as well as personal water
use in the context of the limited fresh water on planct Earth. (Although about 75% of the Earth's surface is covered with water,
less than 4% is fresh water.) Even the "fresh” water we usc must first be pretreated and purified to make it potable. Much of the
high rate of infant mortality in non-developed countrics can be traced to impure water.

Resources

The part we play individually and collectively in resource management is discussed in this unit within the context of a range of
resources, most of which are nonrenewable. The fact that atoms can be made to enter into new and different combinations with
other atoms is central to the concept of mincral recycling. This is described with reference to the recovery of aluminum from
beverage cans, rather than mining and processing aluminum orc to supply new cans. Conservation of mincrals, a companion
concept to recycling, is a personal choice with significant societal implications when donc colleetively.

Students explore the actions of their own school in recycling, reuse, and replacement of resources. They consider what actions
the school could take to recycle materials. They realize that discarding materials does not get rid of them; it merely puts them out
of sight. Their atoms rcmain as pollutants, ultimately to be reworked into other chemical combinations.

Studcnts also realize that the global distribution of natural mincrals resulted from prehistoric chemical processes that now have
enormous geopolitical ramifications. Vital mincrals arc not distributed uniformly in the lithosphcre, thus creating "have” and
"have not" nations as metal sources. On a personal level, we use metals directly or alloyed in a varicty of products; more than
two dozen diffcrent kinds of metal ions are essential to our biochemical makcup and well-being.

Petroleum

Petrolcum is a resource that has profound personal and socictal implications. We usc it as a fuel to cook, to drive., and to heat
our residences; we also usc it to make a wide range of synthetic matcrials, many of which we usc on a daily basis. We may not
have cnough petroleum to last even through the lifetime of our students unlcss appropriate alternative technologies are developed
to replace petrolcum as a fuel and as a chemical feedstock. The uncertainty of how finite this natural resource is creates a
vulncrability leading to international political and economic tensions among its supplicrs and users. The final exercise in this unit
confronts the specter and consequences of a scvere curtailment of oil supplics.

Nuclear Issues

Students tcarn that nuclear radiation is a natural consequence of the radioactive decay of atoms found in us and in our
surroundings. Each student can calculate the personal radiation dosc a person receives annually and compare this dosage with
radiation lcvcls that cause tissuc damage. One particular source of environmental background radiation in some homes is that
emittcd by radon-222, a natural product of uranium-238 decay.

Students cxplore the production of clectricity using nuclear fission as a fuel. They recognize this as a process that produces no
greenhouse gases, such as thosc generated by burning fossil fuels, but that comes with its own environmental hazards. Of
particular concern is the safe storage of high-level radioactive wastes, the by-products of nuclear cnergy or nuclear weapons
production.

Air
We need air in order to stay alive, rcgardless of where we are. Its quality affects us as individuals and as socictics. Yet we
generally arc inattentive to the quality of the air we breathe unless it becomes poor enough to cause respiratory problems.

Copyright 1997, 2002 American Chemical Socicty
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An entire scction of the air unit investigates the extent of human impact on the air we breathe. This section compares air
pollutants worldwide from both natural and human sources. The coverage of indoor air quality is unique to ChemCom. It
explores the nature of indoor air quality and selected indoor air pollutants. The unintended ramifications of technology applied to
refrigeration by the use of chlorofluorocarbons (CFCs) and their role in stratospheric ozone depletion are also discussed in this
unit (C.8) Technology has responded by creating CFC replacements designed to decrease the stratospheric ultraviolet radiative
rupture of C-C1 bonds.

A cautionary note: The chemical principles presented in ChemCom are purposcfully introduced on a need-to-know basis as they
arisc within the framework of dealing with a technological issue of societal importance, such as environmental quality. In
ChemCom, principlcs are not inserted simply because other texts cover the material at a particular point.

Thus, it is important to resist the natural tendency to "overteach” a given concept or principle in ChemCom (i.c., present far more
material in greater depth than is needed to understand a particular issue at that point). The maxim that teaching is the art of
uncovering material (not merely covering it) applics here, as does the principle enunciated in the NSES that “less is more."

You are encouraged to review the ChemCom units to explore further their coverage and applications of the concepts and
principles described in Standard F. In particular, personal and community health, natural resources, natural and human-indueed
hazards, and science and technology in local, national, and global challenges are addressed in ChemCom. In addition to the units
mentioned above, the topics of food, personal chemistry and choices, and industry are explicitly discussed in the national
standards. Even if you are not using ChemCom as your textbook, you will find it to be an invaluable resource to address a very
wide range of personal and social issues related to science.

Some Sample Activities

The following three activities are taken from the third edition of ChemCom (edited by Patricia J. Smith, formerly of the U.S. Air
Force Academy High School). Autos and Smog illustrates a typical decision-making activity found in the book. The emphasis is
on the interpretation of graphical data, which naturally ties the activity to Inquiry Standard A as well as to Standard F.

You Decide: Autos and Snog
Usc data in Figure 11.1 to answer these questions:

1. Between what hours do the concentrations of nitrogen oxides and hydrocarbons peak? Account for this fact in terms of
automobile traffic patterns.

2. Give two reasons that a given pollutant may decrease in concentration over several hours.

3. The concentration maximum for NO, occurs at the same time as the concentration minimum of NO. Explain this
phenomenon.

4. Although ozone is necessary in the stratosphere to proteet us from ultraviolet light on the surface of the Earth, it is a major
component of photochemical smog.

® Determine from Figure 11.1 which

Fiouss 11.% chemicals, or species, are at minimum
Photochemical Smog Formation concentrations when 0y is at maximum
concentration.

e What docs this suggest about the production

0.5
of 0 in polluted tropospheric air?

Figure 11.1

Teacher Demonstration: The Electrostatic
Precipitator

‘ Materials
' 1 10-mL glass graduated cylinder
18 gauge bare copper wire (exact gauge is not

'\—’/ critical)
* 1 I-hole rubber stopper to fit the graduated

Pollutant level (ppm by volume]

N U cylinder
\ wire cutters
~ transparent tape
- —— Tesla coil
IAM. 6AM  PAM Ar IPM. 4PM. 9PM ,’ source of smoke
" ) Safety
Midnight Noon Midnight

Time of day

Teacher and students should wear goggles. Be
aware of clectric hazard due to high voltage.
Keep the Tesla coil unplugged until ready for
use and unplug immediately after use.

Copyright 1997, 2002 American Chemical Society
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Procedures
1. Assemble the apparatus as shown in Figure 11.2

2. Insert the rubber stopper in a clean, dry graduated
cylinder. Fiours 11.2

3. Wrap scveral turns of wire around the outside of the YThe Elecirostatic Precipi[gﬁor
cylinder. Make a loop at the bottom end of the wire.

Attach a longer piece of copper wire that can be

wrapped around a water faucet to create a ground. Be Central electrode

sure that the water supply line is metallic.
Stopper

4. Cut a piece of wire about 4 cm longer than the depth e of
the cylinder and make a small loop on one end. Insert :M the
wire into the graduated eylinder through the stopper w::‘b  Wire wrq| ped
with the loop at the top. This wire should not touch the o~ oround 100-miL
sides of the eylinder. - graduoted cylinder

foen b
5. Remove the wire-stopper assembly, and ignite a -
small picce of heavy cardboard. Drop the burning -
cardboard into the eylinder and replace the wire-stopper To water faucet
assembly. (Again, be careful not to touch the sides of for ground the

cylinder.)

6. Plug in and turn up the Tesla coil.

i

7. Hold the Tesla coil as close as possible to the central wire in the cylinder, and allow a spark to jump to the top of the central
wire. Exercise extreme care with the Tesla coil. Smoke should clear almost immediately. If this demonstration is performed
against a dark background, it will be more visible.

8. Disassemble the apparatus and clean. The cylinder must be elean and dry before it can be used again.

Student Luboratory: Microscale Wet Scrubber
This activity demonstrates the wet-scrubbing process. The pollutant sulfur dioxide is produced by mixing Na,SO; and H,SO4.

Materials (for a class of 24 working in pairs)

60 Beral pipets

12 24-well plates

24 50-mL beakers

12 burners

60-cm 16-18 gauge wire, cut in 5-cm picces

12 tongs

12 seissors

10-mL universal indicator

20 mL 0.5 M Na,S0; (7.96 g Na;80,/100 mL solution)
20 mL 2.0 M H;80,4 (11.2 mL cone. H;80,/100 mL solution)

Safety
Students should wear goggles and aprons throughout the laboratory activity.

Procedures

Fiouns 11.3 1. Hold the wire in a flame with tongs and usc the
hot wire to make a small hole in the base of the
stems of four of the five Beral pipets, as shown in
Figure 11.3. The diameter of the hole should be
slightly smaller than that of the pipet stem

. 2. Make a diagonal cut near the ends of the stems
nsert hot wiro of three of the four pipets with holes. Remove
1o toke holes onc-half of the stem of the pipet without a hole,
using a diagonal cut.

3. Label the pipets 1-5, and fill as follows: No. §
(uncut with hole), No. 4 and No. 3 (cut with
holes)—half-full of distilled water plus two drops
of universal indicator. The color of the liquid in
all three pipets should be green. No. 2 (cut with
hole) is empty.

0 50
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4. Conncct the pipets as shown in Figure 11.3. The inserted stems should reach the bottom of the filled pipet bulbs.

5. Add 2 drops 0.5 M Na,SO; and 4 drops 2.0 M H,SO4 through the hole in pipet no. 2. Without releasing the bulb, remove the
pump. (If you allow the pipet to expand before removing it, all the reagents will be drawn back into the pump.) Gas should
bubble through the distilled water, carrying the pollutants with it.

6. Reinsert the expanded pipet into the generator and pump gently four times. Record any color changes.
7. Estimate the pH of the contents of the pipets.

8. Dispose of the contents of the pipets into a beaker provided by your teacher.

9. Wash your hands before leaving the laboratory.

Graphing: More Than Just Following Directions

Finally, the following graphing exercise was adapted from the water unit by Lucy Eubanks of Clemson University. It illustrates
the use of graphed data to discover regularities and patterns, and it encourages students to use their previous graphing experience
and knowledge to generate a graph and conscquently interpret the data provided. This activity should take 1-1.5 class periods to
complete.

Students are divided into groups of four or five, and each group is given a data table that contains three pieces of information
about the water quality of the Snake River in Riverwood. Each student will gencrate a graph to represent the information in the
data table (Table 11.1). Because three picces of information are given, students will need to spend time deciding how to graph
the information. Encourage them to think of ways to graph that will lead to clear and accurate interpretation of the data. You
may limit students to preparing a single graph or allow them to generate two graphs. Stress that students must use only one side
of the graph paper for the graph(s).

Student Instructions
Data table 11.1 shows the relationship between the month of the year, the average watcr temperature, and the average dissolved
oxygen levels in the Snake River at Riverwood.

1. Each member of your group will prepare a graph of these data. Make independent decisions about the type of graph you wish
to prepare, being sure to label your axes clearly and to give your graph a descriptive title. You may only usc one side of your
graph paper.

2. Compare and discuss the graphs drawn within your

group. What are the advantages and/or disadvantages of | TABLE 11.1
cach type of graph for conveying the information in the
table? Relationship Between Month of Year; Water
3. After discussion has been completed, your group Temperat“re’ and Dissolved OXygen Levels
recorder will prepare the group report, which should in the Snake River
address two items:
® Which graph, from those prepared in your group, did
you find best conveyed the information in the table? WATER DISSOLVED
Why did you choose it? MONTH TEMPERATURE (°C) | OXYGEN (rpm)
e Would the dissolved oxygen content for the Snake
River water vary with the time of day? Make a January 2 127
prediction and justify your reasoning.
February 3 12.5
Expccted Results
Students may represent their data as line graphs, bar March 7 11.0
graphs, pic graphs, or a combination of all three.
Several examples of possible graphs are given in Figure April 8 10.6
11.4. Some students can be very creative in graph
construction and interpretation. This will only add to Ma 9 10.4
the gencral discussion of graphing techniques and the Y # i
cardinal rules of graphing. June i 0.8
Discussion
Each group will share its report with the rest of the . July . 19 B 9.2
class. A final wrap-up should include the basic rulcs of
graphing (see below). We recommend that the graphing August 20 9.2
rules be discussed after the activity is completed.
Because this is the first graphing exercise in the September 19 9.2
ChemCom textbook, students must rely on their
previous graphing skills to draw the graph(s). October 11 10.6
November 7 11.0
Copyright 1997, 2002 American Chemical Socicty i
December 7 11.0
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The purpose of this activity is for students to sec for themselves the importance of accurately graphing data and using standard

graphing rules.

Graphing Rules

® Choose the scale so the graph becomes large enough to fill most of the available space on the graph paper.
® Each regularly spaced division on the graph paper should equal some convenient, constant value. In general, each interval
between graph paper lines should have a value casily divided "by the eye" such as 1, 2, 5, or 10, rather than a value

suchas6,7,9, 14.

® An axis scale docs not need to start at "zero," particularly if the plotted values cluster in a narrow range not near
zero. For example, if all values to be plotted on the x axis arc between 50 and 60, the x axis scale can begin at 50 and

end at 60.

® Label each axis with the qulamity and unit being graphed. For example, a scale might be labeled "Temperature (°C).”

Figurs 11.4
Possible Graphs

Temperature and Dissolved Oxyge:
in the Snake River ygen

Dissolved Oxygen vs. Temperature

14
20+ T
18
518 : 21
¥ :; e e Tomparatore 'C) %
10 * —— Dissobod axpgan é
E_ H 2] Yo
8 L]
; 5
° 9
o s 10 tg 20
Waler Temperature (°C)
Dissolved Oxygen and Temperature
14
131,
§n
. B
‘)
] g ;
i 14
* 2 3k e
“ NaEHRHRd
o > =
2 . 565
B Tmperairs #C) 8 Dissolved oxygen (ppm T Dissobed cxygen [ppmi  —s— Tomporature {°C}
Dissolved Oxygen {ppm} Temperature {"C}
AT
'x ;
tee £
19¢ e
20°C
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or geometric shape, suchasQor A
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® Plot cach point. If you plot more than onc curve on the same graph, distinguish each set of points by using a different color

Although this activity is from the first ChemCom unit, there are several other graphing activitics in the ChemCom text, as well as
other chemistry textbooks, that could be handled in the same manner. This type of activity involves the students directly in
decision making and encourages them to discuss the advantages and disadvantages of choosing diffcrent types of graphs to
represent information. They leave the classroom with an "ownership” of the graphing concept and a justification of proper
graphing techniques. When teachers simply give the complete directions, students do little thinking to produce the final product.
Copyright 1997, 2002 American Chemical Society
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CHAPTER TWELVE
The Standards and the History and Nature of Science

MARY VIRGINIA ORNA, OSU
DEPARTMENT OF CHEMISTRY
COLLEGE OF NEW ROCHELLE
NEW ROCHELLE, NY 10805

The National Science Education Standards (NSES) suggest that as a result of activities in grades 9-12, all students should develop
an understanding of science as a human endeavor, the nature of scientific knowledge, and historical perspectives (Content
Standard G, NRC, 1996).

While cach of the areas cited above overlaps with the other, in this chapter cach will be treated separately in order to clarify and
give examples that relate specifically. Furthermore, the examples given will address chemistry in particular. From the cighteenth
century onward, scientists have recognized chemistry as "the central science,” the one that unifics and relates to all other
sciences. As understanding of matter— and particularly the nature of atoms and molecules— grew, it soon became apparent that the
molccular view of matter was the most powerful tool at the disposal of anyone who sought to understand the processes of nature.

Science as a Human Endeavor

Early scicntists often pursued their investigations as a hobby. For example, Robert Boyle and Henry Cavendish were driven in
their scientific pursuits by a burning curiosity about the nature of matter and energy and spent their considerable fortunes in this
pursuit. Science was studied in schools as part of "natural philosophy,” as exemplified by the publication of the British
Philosophical Magazine from 1797 to the present day as the journal in which to publish new scientific results. Among its many
noted contributors were Alessandro Volta, Humphry Davy, and Michael Faraday.

As the scientific endeavor grew in scope, particularly after 1950, doing science was no longer the domain of curious individuals
but became more associated with large groups of people working on a single major scientific question or technological problem —
this was the advent of "big science” (Nye, 1996). However, as the NSES document points out, "pursuing science as a career or as
a hobby can be both fascinating and intellectually rewarding” (NRC, 1996).

Alessandro Volta's "Voltaic Pile"

Alessandro Velta took delight in the fact that using simple materials such as various coins or metal disks, a salt solution, and
porous paper or cardboard, he could produce a physiological sensation that we now recognize as an electric shock (Davis, 1995).
Given these materials (specifically, pennies, nickels, dimes, quarters, zinc disks or squares, some lengths of copper wire, a
saturated NaCl solution, some porous paper such as filter paper, and a low-impedance voltmeter), teams of students could
conduct a simple inquiry activity to answer a question such as: Under what conditions can we use the given materials to producc
an observable change in the voltmeter?

Upon completion of their investigation, the students should be able to indicate how they achicved the observable change in the
voltmeter (i.c., how they got it te register), diagram the experimental setup and show alternative setups that did not work (false
starts), show the conditions under which their own sctup continues to work or ceases to work, and explain their results to the
other tcams.

The conventional route for carrying out this activity is to cut the filter paper into disks that are approximately the size of the
coins. After the disks are saturated with the NaCl solution, they are layered alternately with coins containing two different metals
(c.g., penny, dime, paper disk, penny, dime, paper disk). This voltaic pile has to be carcfully constructed, and copper leads from
the top and bottom of the pile are then attached to the leads of the voltmeter. The students may find that some combinations of
coins do not work; quarters, nickels, and dimes are made of a similar cupronickel alloy. A CuZn cell produces about 1.1 V, so
sufficient cells must be placed in series to cause the voltmeter to register.

Students may not immediately grasp the construction principle of the voltaic pile unless they have first been introduced to the
concept of the complete circuit and the necessity of separating the different metals from onc another by a medium that allows
movement of ions. A preliminary activity using dry cells to light LEDs would be an appropriate introduction to the voltaic pile.

Follow-up activities could includc the clectrolysis of Kl(aq) to produce Iz, to show the connection between clectrochemistry and
the discovery of the clements, an immediate application made by Humphry Davy following the discovery of the voltaic pile.
Leads from a 9-V cell immersed in a KI(aq) solution in a petri dish is the simple experimental design.

An additional follow-up activity involves the simple clectrolysis of water by inverting two small test tubes filled with a dilute
Na,S0, solution (or other appropriate electrolyte) over the leads of a 9-V cell and then immersing the whole assembly in a 250-
mL beaker of the clectrolyte solution. Hy(g) and 0,(g) quickly develop in the tubes in a volume ratio of 2:1, which can then lead
to a discussion of the formula of water. Students will be amazed to know that many famous scientists, including Boyle, thought
that the formula for water was HO. This miscenception can lead to many questions: Why did Boyle accept the HO formula? How
did we find out otherwise? What methods might we use to determine the formula of water? What difference does it make?

Copyright 1997, 2002 American Chemical Socicty
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Water Wonderworks: 4 Hydroinvestigator Casebook

Water Wonderworks (1996) is an inquiry-based set of activities centering around all aspects of water. Aimed at the middle school
student, the casebook presents several activities in which elues from the past are used to lcarn more about drinking water and the

development of water testing using the pH scale. The empbhasis is on water pollution and how to test for it; the students are given

scts of problems to solve and then asked to present their results along with reasons for their conclusions.

Serendipitous Discoveries

Many discoverics in the chemical seiences were the results of accidents or errors. Any one of the "lucky accidents” described by
Roberts (1989) in Serendipity: Accidental Discoveries in Science would make a fine basis for class discussion of the scientific
method (or lack thercof), the nature of discovery, the role of human crror in revealing new phenomena, and human persistence in
sceking explanations of unexpected results. In addition to the well-known stories about Pasteur's discovery of chiral molecules,
Perkin's discovery of synthetic dyes, and the accounts surrounding the discovery of many of the chemical elements, we can find
many others related to the chemical sciences. The story of the discovery of the clectric battery by Galvani and Volta would be an
appropriate introduction to the construction of a voltaic pile.

The Human Side of Scientists (Oesper, 1975) is a collection of bricf biographies of 132 men and one woman (guess who?).
Oesper tells some delightful, sometimes apocryphal, storics about these scientists' idiosyncrasies and personalities. However, to
set the record straight, Women in Chemistry and Physics is also a useful resouree (Grinstein et al., 1993).

The Nature of Scientific Knowledge

The NSES arc very clear on the importance of recognizing that scientific knowledge is based on "experimental and obscrvational
evidence about nature”; it is subject to confirmation, and explanations may change with new knowledge; and science knowledge
is characterized by "empirical standards, logical arguments, and skepticism" (NRC, 1996).

Conant (1957), in his Harvard Cuse Histories in Experimental Science, argued that it was casicr for the nonscientist fo use the
relevant historical record to examine the nature of science than to use a modern rescarch project, given its complexity. By tracing
the historical record, the informed layperson can see a whole new field of seience unfold over time, recapturing the experiences
of the scientists initially involved.

Students need some kind of structure to which they can attach the myriad items of chemistry knowledge they need to master. One
good way to link together data is to show their historical connections (Benfey, 1996).

TABLE 12.1 The Periodic Table Revisited

Physical Properties of Elements on Xeno - Onc of the most powerful organizational tools in
chemistry is the periodic table. Many scientists

ELEMENT | COLOR HARDNESS | MELTING POINT (°C) tried over a period of several decades to make

A Turquoise Soft 1050 some sensc out of the observed trends in

B Silvery to black Hard 2300 properties of the clements as they were

C Yellow Sort 1000 discovered. Today, we eredit Mendeleev with the
breakthrough concepts that led to the development

D Gray Hard 400 of the modern periodic table. Mendeleev's table

E Pink _| Soft 1200 was empirical; it had no relationship to atomic

F Silvery to black Hard -100 structure and, indeed, not until 1904 was any

G Silvery to black Hard 2200 suggestion made regarding a correlation between

1 Black Hard 300 valence clectron counts and the periodic table.

! Aqua Soft 900 Presenting the periodic table outside the context

J Brown Soft 1000 of its historical development can give students the

impression that all the concepts involved in
developing the table fell into place at once. The students have little understanding of the struggle that Mendeleev and other
scientists experienced in trying to bring order out of sceming chaos. The following exercise, from the periodicity module of
SourceBook (Orna ct al., 1994), gives some sense of the thrill of discovery and inquiry.

1
The Elements on
TABLE 12.2 the Planet Xeno
Chemical Properties of Elements on Xeno Imagine that you have landed on
REACTS REACTS REACTS WITH another world, where the average
ELEMENT | WiTH WATER | wiTHACID | OXYGEN No REacTiON | temperature is 320 °C. As you
cxplore, you discover that the clements
A X here scem to differ from those on
B X X X Earth. You manage to collect 10 of
C X these clements and determine their
D X X physical properties, which are listed in
E X Table 12.1.
F X X X Stage 1: Group these clements into a
G X X X tentative periodic table on the basis of
H X X X their physical properties. Justify your
1 X groupings.
J X X
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Stage 2: You now decide to collect data on the chemical properties of these clements. Using the data listed in Table 12.2, modify
your original periodic table. Justify your new arrangement.

Stage 3: You now find that to continue further, you must determine the relative atomic masses of the elements. After obtaining
the data from Table 12.3, modify your periodic table and justify
TARELR3 your new arrangements.

LU Teaching notes. Stage 1-The first arrangement might look like

' e alslclolelrlgluli |s Table 12.4. Notice that the melting point increases across a peri_od_
and down a group, whereas hardness decreases. (At this stage, it is
j . cqually valid to arrange the elements so that melting point

Riathe Atmic Vs [ 513 |1 17 | 10{15)9 | 14[1 |6 decreases across a period or down a group.) The clements on the
left are all silver to

black; those in the middle, dark-colored; those on the right are brightly colored. (With the information given, element J could also
be put in the right group, cither above or below C.)

T . . TABLE 12.4
Stage 2— Table 12.5 reflects similarities in chemical properties. St 1A t
Since B, G, and F show the same chemical properties, the left age rrangemen
group remains intact. The middle group is split in two with H
on the left because its chemical propertics arc identical to those | B -333 | H 300 1 900
of the elements in the left group. D and J do not react with
water, so they are closer to the elements in the right group. G -200 D 400 c 1000
Stage 3 — After the atomic mass data are taken into account, the 100 J 1000 A 1050
final arrangement of the clements on the planct Xeno might E 1200
look like Table 12.6. Notice that the brightly colored clements
arc now on the left side of the table. Xeno's unreactive elements (C and TABLE 12.5
E) arc on the left side of the table, whereas Earth's noble gases arc on the y
right. Xeno’s hard, silvery eclements would be gases at 25 °C (Earth’s Stage 2 Arrangement
room temperature) and are on the right, whercas Earth’s metals arc solid
at 25 °C and are on the left side of the table. B H D 1 A
This table now has three periods and six families (groups). It has places J C E
for 18 elcments, 10 of which are known. The properties of a missing
clement should follow the trends in properties within its period and
group.

TABLE 12.6

Although it is casy to record the physieal properties given in Stage 3 Final Arrangement
Stage 1, these propertics by themselves do not give enough
information to build a periodic table. The chemical propertics C I
from Stage 2 arc very uscful, but the best information is the
relative atomic masses from Stage 3. A J D
Students can be asked to record the similaritics between the E H F

process of building a table for elements on Xeno and the
historical development of the periodic table on Earth.

Historical Perspectives
How did modern chemistry develop? Not long ago, few students had much interest in the answers to this question—they were
more focused on the present and the future.

Times have changed, partly because today chemical scientists are often on the defensive. Chemistry has had bad press. Pollution,
industrial accidents, the negative side effects of medications—all make headlines, and all add to the negative image of the
chemical sciences. Improvements in the quality of life—increased longevity, advances in food safety, healthcare, and so forth—
are taken for granted and not credited to the work of ehemieal scientists. An awarencss of the pivotal role of chemical scientists
in contributing to our present way of life can do much to overcome the negative images generated by bad press. To see chemical
activity as a communal exploration of the unknown—exemplified by courage, creativity, and powerful intelligence—restores pride
and adds perspective.

We must make it clear that diverse cultures have contributed to scientific knowledge through the centuries. lhde (1984) has
suggested that three parallel strcams—medicine, alchemy, and metallurgy (or technology)—played a significant role in the
development of chemistry through the so-called protochemical, or pre-Boyle, era. (It is with Boyle, and the risc of the phlogiston
theory in the mid-seventeenth century, that we mark the beginnings of chemistry as an abstract science.) Many non-European
cultures have contributed to the development of scientific ideas and technology, as documented by Hayes and Perez (1997).

Overthrow of the Phlogiston Theory

One of the keystones of the phlogiston theory was the idca that, upon combustion, a substance called phlogiston was lost by the
material undergoing combustion, so that the total mass of products following combustion was less than that of the material before
burning. For cxample, when paper burns, the mass of the resulting ash is clearly less than the mass of the original paper.
However, some combustion processes actually result in a mass increase.

Copyright 1997, 2002 American Chemical Society
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Robert Boyle, a convinced phlogistonist, noticed this phenomenon cven when combustion took placc in a sealed chamber, and he
chose to ignore the inrush of air following combustion when the sealed system was opened up. Some phlogistonists even
postulated the concept of negative mass in order to make the phlogiston theory fit the facts. Thus, the gain in mass did not
convince the most dedicated phlogistonists. However, it provided support for Lavoisier's theory that oxygen combined with
burning material to form new substances with a combincd total mass greater than the original because of the added oxygen.

A common laboratory activity that can be placed in this historic perspective is the combustion of magnesium to form magnesium
oxide. Typically, students weigh a crucible containing magnesium before and after heating. The increase in mass is explained by
the combination of oxygen in the air with the magncsium. From the data obtained, it is possible to determinc the formula of the
oxide of magnesium if the relative atomic masses of magncsium and oxygen are known. Students can be asked to reconcile their
results with the Lavoisier theory and with the phlogiston theory. They can also be asked why burning a piece of paper does not
providc immediately obvious support for Lavoisier's theory, what additional information is nceded to reconcile every combustion
proccss with Lavoisicr's theory, and what additional hypotheses must be put forward to reconcile cvery combustion process with
the phlogiston theory. Thus, they may gain somc appreciation for how difficult it was to overthrow the phlogiston theory.

Conclusions

As Schwartz observed in his paper illustrating the uses of history to teach chemistry (1996), the historical approach provides
& context for the content of the chemical scienccs,

e.demonstrations of scientific methodology,

& examples of resolved and unresolved ambiguity,

o cvidencc of the humanity and diversity of chemical scientists,

& jllustrations of imagination and crcativity, and

® insights into human values and the nature of truth.

In this chapter I havc attempted to provide some of these insights as a framework on which to hang some very interesting tales.
However, it is very important that tcachers develop their own storics. Some additional sources include Conant's Cuse Histories in
the Chemical Sciences (1957); Burke's Connections, a brilliant examination of the ideas, inventions, and coincidenccs that have
culminated in thc major technological achievements of today (1978); and Chemical Curiosities, a handbook of spectacular
dcmonstrations and inspircd quotes, many with their roots in the fundamental discoveries that form the basis of modem chemistry
(Rocsky and Mockel, 1996). A general philosophical rcference may be helpful for context sctting; onc such reference is Science
and Its Ways of Knowing (Hatton and Plouffc, 1997).

1 hope that thesc references, along with ideas glcaned from other scctions of this book and elsewhere (such as Layman's Inquiry
and Learning, 1996), will providc a good starting point for rcalizing this particular scicnce standard in the classroom and the
laboratory.

REFERENCES

Benfey, O. T. 1996. UCL, Quaker Schools, Chemistry and CHF. Paper no. 006 presented before the Division of Chemical
Education, 21 1th ACS National Meeting, Ncw Orleans, March 24.

Burke, J. 1978. Connections. Boston, MA: Littlc, Brown & Co.

Conant, J. B. 1957. Harvard Case Histories in Experimental Science, Vols. | and 2. Cambridge, MA: Harvard University Press.
Davis, E. A. (Ed.). 1995. Science in the Making, Vol. 1: 1798-1850. London, England; Bristol, PA: Taylor and Francis.
Grinstein, L. S., Rose, R. K., and M. H. Rafailovich. 1993. Women in Chemistry and Physics. Westport, CT: Greenwood Press.
Hatton, J. and P. B. Plouffc. 1997. Science and Its Ways of Knowing. Upper Saddlc River, NJ: Prenticc-Hall.

Hayes, J. M. and P. L. Pcrcz. 1997. Dye Plants, Tcaching Modulc of Projcct Inclusion.

Chemical Heritage 14 (2).

Ihdc, A. J. 1984, The Development of Modern Chemistry. New York: Dover Publications.

Layman, J. W. 1996. Inquiry and Learning. Ncw York: The College Board.

NRC (National Research Council). 1996. National Science Education Standards.

Washington, DC: National Acadcmy Prcss.

Nyc, M. J. 1996. Before Big Science: The Pursuit of Modern Chemistry and Physics. 1800-1940. Ncw York: Twaync Publishers.
Ocsper, R. E. 1975. The Human Side of Scientists. Cincinnati, OH: University of Cincinnati Press.

Orna, M. V., Schreck, J. 0., and H. Hcikkinen (Eds.). 1994. SourceBook: A Component of ChemSource, Vol. 2.0. Washington,
DC: Amcrican Chemical Society.

Roberts, R. M. 1989. Serendipity: Accidental Discoveries in Science. New York: John Wiley and Sons, Inc.

Roesky, H. W. and K. Mockel. 1996. Chemical Curiosities: Spectacular Experiments and Inspired Quotes. New York: VCH
Publishers, Inc.

Schwartz, A. T. 1996. Facts and Fablcs: The Uscs and Abuses of History in the Tcaching of Chemistry, Paper no. 004 prescnted
before the Division of Chemical Education, 211th ACS National Meeting, New Orleans, March 24.

Water Wonderworks: A Hydroinvestigator Casebook. 1996. Washington, DC: National Museum of Amcrican History,
Smithsonian Institution.

Mary Virginia Orna is a professor of chemistry at the College of New Rochelle and the editor of Chemical Heritage magazine,
the newsmagazine of the Chemical Heritage Foundation, where she is also the director of Educational Services. She is a former
chair of the American Chemical Society Division of the History of Chemistry and the principal investigator of ChemSource.

Copyright 1997, 2002 American Chemical Socicty



Q

ERIC

Aruitoxt provided by Eic:

Chemistry in the National Science Education Standards

CHAPTER THIRTEEN
Preservice Science Teacher Education and the National Science Education Standards

KATHRYN SCANTLEBURY

DEPARTMENT OF CHEMISTRY AND BIOCHEMISTRY
UNIVERSITY OF DELAWARE

NEWARK, DE 19716

Becoming an effective science teacher is a continuous process that streiches from preservice experiences in undergraduate years
to the end of a professional career (NRC, 1996).

As we look toward the next millennium, teacher education programs, especially those for preparing high school chemistry
teachers, will attempt to address the issues raised and achieve the goals set by the National Science Education Standards (NSES).
For the past decade, reform documents have called for preservice programs to prepare teachers who will

* learn their chemistry through inquiry,

» understand the connection of chemistry to everyday events and other sciences, and

» demonstrate proficient knowledge of content and pedagogy and of pedagogical content knowledge.

These goals should be achieved while preservice teachers are completing the required course work for a chemistry degree; the
reform documents specifically note how important it is that high school teachers have degrees in their content areas (NRC, 1996,
1990).

At the same time, the National Council of Accreditation of Teacher Education and other national bodies that accredit universities'
teacher education programs have required increased course work in education and "practical” experience in teaching. At the K-
12 level, the call is for "less is more" in terms of content. But this is not the case for preparing chemistry teachers. Our new
teachers are expected to know chemistry and take enough other science courses to teach an interdisciplinary science course. We
also expect teachers to know chemistry in enough depth to become involved in "wet-bench" chemistry research, either as
undergraduates or as part of their continued professional development. In an ideal program, preservice teachers would complete
at least one educational research project in addition to these requirements. How can we prepare future teachers to meet these
standards? Inservice teachers who supervise the field and student teaching practica of student teachers are key to this process.

Having an impact on the teaching style of a novice teacher is a challenge. Regardless of whether students have progressed
through a detailed educational program or are completing the required courses for teaching certification, they have developed
strong ideas about teachers and teaching through years of observation in different educational settings (school and university).
Often, the types of teaching experienced by college-level students are the antithesis of the pedagogy proposed in the NSES.

Most preservice teacher education programs and state certification agencies require students to complete field experiences and/or
a student teaching practicum. These experiences are supervised by university personne! and by inservice teachers. It is in this
supervisory, mentoring role that college-level chemistry teachers can assist teacher education programs to produce teachers
whose pedagogical practices meet the NSES. Table 13.1 shows the changing emphasis for teaching proposed in the NSES.

Although university science departments are slowly
beginning to change their chemistry curricula to teach using
inquiry, problem-based and cooperative learning, and other

TABLE 13.1

Changing Emphasis in Teaching Standards

LESS EMPHASIS ON

MORE EMPHASIS ON

Transmission of teaching knowledge
and skills by lectures

Inquiry into teaching and lcarning

Learning science by lecture and
reading

Learning science through
investigation and inquiry

Scparation of science and tcaching
knowledge

Integration of science and teaching
knowledge

Scparation of theory and practice

Integration of theory and practice
in school scttings

Individual learning

Collegial and collaborative
learning

Fragmented, onc-shot scssions

Long-term coherent plans

Courses and workshops alonc

A varicty of professional
development activities

Reliance on cxternal experiences

Mix of internal and external
cxpertise

Staff developers as educators

Staff developers as facilitators,
consultants and planncrs

Teacher as technician

Teacher as intellectual reflective
practitioner

Teacher as consumer of knowledge

about tcaching
L aoout

Teacher as producer of knowledge
about teaching

Tcacher as follower

Teacher as leader

i rogn, indoidpakiased dnctiem

R [
classroom

CJFMW a member of collegial
professional community

Teacher as target of change

Teacher as source and facilitator of

change

teaching approaches, the majority of teachers graduate from
programs that use lecture and "cookbook" labs as the

primary pedagogies. While the standards call for a variety of
teaching strategies with an emphasis on inquiry, small-group
work, and non-cookbook laboratories, the reality is that
many preservice teachers will have never experienced these
teaching approaches. How can we assist preservice and
beginning teachers to attain these standards? Teachers who
are supervising a practicum need to model the exemplary
teaching practices noted in the NSES for student teachers.

Characteristics of New Teachers

Because mentor teachers interact daily with student teachers,
they are prominent influences in the development of the next
generation of practitioners. When student teachers begin
their practical experience, they often rely on the pedagogical
practice they have experienced the most: lecturing.
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If beginning teachers spend time developing good lesson plans that reflect a variety of teaching strategies, they are less likely to
use lecturing as the only or dominant teaching strategy. Supervising teachers can insist that their student teachers write detailed
lesson plans that reflect an emphasis on inquiry rather than the transmission of knowledge.

For classroom observation to be of value, the supervising teacher and the student teacher together should first determine
objectives for the lesson. Observations may last from a few minutes to a full class period, depending on the purpose. Most result
in anecdotal information. If you are serving as the exemplary teacher, be sure to write down your notes and thoughts, discuss
them with your student teachers, and give them a copy to reflect on later. For each observation, note the time (in minutes) that
the student teacher took to begin the lesson, spent on each type of teaching activity, and took to end the lesson.

The teaching activities could be lecturing, providing notes, a question-and-answer session, whole-class or small-group work
activities, individual work, or laboratory. By being specific and documenting the time allocated to each teaching activity, you
provide the student teacher with data that may be used to improve classroom practice (see Table 13.2).

Lecturing and cookbook labs have a place in the curriculum, but they are not the only methods by which student teachers begin to
learn their craft. We need to encourage student teachers to try new teaching and assessment techniques such as group work,
cooperative learning, and alternative approaches to assessment.

TABLE 13,2

Student teachers often use target students to kee

( ! g P
thelr. lessons progressing. Teaching Emphasis in Beginning Teachers Target students usually
dominate the lesson and prevent other students
from participating and Less OF THIS MORE EMPHASIS ON contributing. Teachers
can use small groups and Lecturing as the primary teaching L. cooperative learning to

L. . . Teaching thi h
minimize this; however, if the mode eaching frough inqury teacher does not
carefully monitor smaller . Labs requiring students to solve roups, there often
y L Using cookbook labs roblems group N
emerges a target student within LI each group (Tobin and
Gallagher, 1 987). Algorithmic worksheets Using chemistry to solve real-world
problems
Teacher mentors can help Relying on target students Involving all students in the lesson student teachers
minimize their use of target Asking primarily knowledge-level Asking primarily higher cognitive- students by noting the
. . y g .
student teacher's interactions questions level questions with the students. This
can be done by taking a class Tesl/gxams with only multiple-choice Tesl/_exams u_/ith a variety of questions: seating chart and noting
questions multiple-choice, short-answer, problems X :
interactions between the

the number and type of
student teacher and the students. On the seating chart, identify the students by name, initials, or a number. Yot may also want to
indicate other relevant information such as race, sex, or ability level. Code all students' interactions with the student teacher by
placing a hash mark in the appropriate box. After the observation, share the chart with your student teacher. The hash marks give
a quick and easy visual picture of the pattern of interactions. In addition to looking for a balanced physical pattern (e.g., calls on
students throughout the room, not just those in front), you can also look for balanced gender and ethnic patterns.

The coding may be further refined by noting the level of question that a student is asked. Student teachers often ask knowledge-
level questions, in rapid-fire succession, as a strategy to control students and maintain order in the class. Whereas this may help
with classroom management issues, it does not give students time to consider the concepts being taught. Often, less than 10% of
the questions student teachers ask will be above the knowledge level. You can use letters to identify the question types as
follows: knowledge (K) questions, which are fact-based, involving recall; and upper-level (U) questions, which are more
conceptual in nature, such as those involving synthesis, problem-solving, or critical-thinking skills.

Mentor teachers can encourage student teachers to consider how they may teach the same concept to different levels of students,
and/or students with different learning abilities. Encourage your student teachers to provide different lesson plans for the same
topic, but with different student groups.

Professionalism

The teaching standards encourage teachers to remain aware of recent developments in their discipline that enhance their science
knowledge.

Beginning teachers can do this by taking advanced courses and reading popular magazines such as Time, Newsweek, the science
section of the New York Times, The Journal of Chemical Education, ChemMatters, and Chemical & Engineering News.

As a mentor teacher, you can encourage your student teachers to join their professional associations and, when possible, attend
the national and regional meetings of organizations such as the National Science Teachers Association and the American
Chemical Society (ACS)—especially the biennial conferences on chemistry education and programs run by the ACS Division of
Chemical Education. In addition, remind your student teachers that the costs are lower for students. The journals published by
these organizations provide educators with ideas for improving teaching and opportunities to interact with their colleagues.

There are many such professional opportunities for teachers within local, state, regional, and national organizations. Encourage
beginning teachers to use all possible resources, such as journals, the World Wide Web, and district information.
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Long-Term Planning

Long-term lesson planning is a skill to be developed. Mentor teachers can insist that their student teachers write complete topic
and unit plans, not just daily plans. A topic plan would consist of three to six lessons, whereas a unit plan would be an overview
of several (at least three to six) weeks of teaching. Although there are many published topic and unit plans, they usually have to
be tailored to the needs of each specific class. The professional teacher is constantly seeking new ideas for lessons that will meet
a particular class need.

Reflective Practice

The standards challenge us to rethink and reassess our own teaching experiences, both as students and as professionals. Teachers
constantly reevaluate lessons, programs, tests, teaching ideas, and labs. New teachers should be encouraged to reflect formally
on their instructional practices by videotaping and critiquing them at least twice during the student teaching experience. Ask
your student teacher to take notes or videotape your teaching and/or questioning strategies. Also, student teachers should be
encouraged to rewrite lesson, topic, and unit plans after they have taught the lessons. They need to keep in mind questions such
as, “What worked and why? What didn't and why? Were all students engaged in the lesson?"

Using multiple forms of assessment is another important skill for future teachers. Ask your student teachers to analyze the results
of tests that they give to your students and, on the basis of those results, revise the test for the next group of students.

Most teachers engage in forms of research in their classes. Regardless of the research questions, teachers produce professional
knowledge from their teaching experiences. They constantly collect observational data and reflect on whether a situation needs
to change; then they plan actions to make that change and evaluate the results of their actions. All of these activities are
constantly informed by reflection. Teachers who are reflective practitioners are producers of knowledge on teaching.

Professional Community

Traditionally, teaching has been an isolated profession. With electronic networks, a teacher's professional community can be
expanded from the classroom or school to the world. Beginning teachers can use electronic networks to find and keep in contact
with mentors and role models and solicit moral support as they begin the path to becoming professionals.

NSES have set high standards for the teaching and learning of science. Although teacher education programs have begun the
reforms needed to promote teachers who can meet these standards, we are still in a transition stage. We need the help of
experienced chemistry teachers in the field who can shape beginning teachers' instructional methods during student teaching
practice so that they reflect the challenges presented by the national standards.
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CHAPTER FOURTEEN
Standardizing Assessments for Assessing Standards

I. DWAINE EUBANKS AND LucCy P. EUBANKS
ACS DIVCHED EXAMINATIONS INSTITUTE
CLEMSON UNIVERSITY

223 BRACKETT HALL

CLEMSON, SC 29634-1913

The impact of the National Science Education Standards (NSES) on American science education is likely to be the most far-
reaching of any post-Sputnik educational event. Educators are scrambling to realign curricula to address the learning goals of the
NSES, yet the fundamental problem of knowing whether students are achieving these goals remains. The traditional measures,
including standardized examinations designed to assess modest acquisition of cognitive knowledge, are inadequate (and
inappropriate) to assess student gains in understanding such topics as how scientists develop their understanding of the natural
world. In fact, if we consider the changes in curricular emphasis recommended by the National Research Council (NRC) (under
the auspices of the National Academy of Sciences, the National Academy of Engineering, and the Institute of Medicine, and with
the financial support of the National Science Foundation, the U.S. Office of Education, the National Institutes of Health, and the
National Academy of Sciences--wow!), we discover a basic shift away from students knowing what science has discovered and
toward how science knowledge is gained.

If we as teachers embrace the content of the NSES, then we must redesign assessment instruments even as we are reworking
curricular content, emphases, and instructional paradigms. The history of educational reform is replete with examples of new
instructional strategies that showed no apparent gains in student achievement or response—not because the gains were not there,
but because the measuring instruments were insensitive to the gains. In fact, the assessment criteria for the standards should be
put in place before any instructional change is contemplated. With well-thought-out assessment materials in place, we can
objectively evaluate alternative instructional strategies targeting the goals outlined in the NSES. The alternative is to find
ourselves in the oh-so-familiar situation of designing new instruction and then trying to figure out how to tell if anything has been
accomplished.

Getting Down To Specifics
The summary assessment challenges suggested by the authors of the standards are laid out in Table 14.1 (NRC, 1996). The NSES
call for changes throughout the system. The assessment standards encompass these changes in emphasis.

Table 14.1 _ The entries in Table 14.1 are
| Increasing Emphasis not easy to understand out of
Less of This More of This

context, and the theme of this
piece is to interpret and amplify

Assessing what is easily measured Assessing what is most highly valued R
& 4 8 gy these recommendations and
Assessing discrete knowledge Assessing rich, well structured knowledge then to provide concr.ete
examples of how achievement
Assessing scientific knowledge Assessing scientific understanding and reasoning in the specified areas could be
measured. Keep in mind that
Assessing to learn what students do not know. Assessing to learn what students do understand the standards address changes
Assessing only achievement Assessing achievement and opportunity to learn in emphasis, not complete
End of term assessments by teachers Students engaged in ongoing assessment of their replacement of existing

work and that of others assessment practices.

Development of external assessments by Teachers involved in the development of external

measurement experts alone assessments. Easily Measured vs. Highly

Valued

The assessment standard for highly valued learning (see Table 14.2) is, in a sense, an umbrella for several of those that follow.
The basic idea embodied here is that we consider desired student outcomes, such as being able to use the knowledge they have
acquired to deal with new, unfamiliar circumstances or to recognize situations in which additional information is needed before
rational conclusions or inferences can be drawn. Almost universally, we want our students to process information, not just
regurgitate it. Is it, for example, sufficient to be able to recite the properties of common acids and perform cookbook, algorithmic
laboratory manipulations? Or should students be able to use their knowledge of acids and bases to develop their own methods of
dealing with less structured problems?
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The really
difficult task for
the teacher or
assessment
professional is
to express what
is "highly
valued" in terms

Table 14.2

Increasing Emphasis on What is Highly Valued

Less of This

More of This

The student is given a standardized 0.100 M
NaOH solution, and HCI solution of unknown
concentration, phenolphthalein, and a titration
setup. The student is instructed to determine
the concentration of the HCI solution.

The student is given four solutions labeled A, B, C, or D and a
titration setup. The solutions are chosen from this list. Each acid
solution also contains phenolphthalein.

Possible Acid Solutions Possible Basic Solutions

that lend
themselves to

1.00 M HCI 1.0 M NaOH
0.50 M HCI 0.5 M NaOH
0.10 M HCI 0.1 M NaOH

measurement.
We commonly
hear teachers
lament, "If only
my students
would learn to
think." We'll
never know
whether they
can think or not

The student is to use the most concentrated acid solution in the group
of four to determine the concentration of the most dilute basic
solution. The student must describe both the method developed to
solve the problem and the results.

Comments: This is a straightforward
laboratory exercise that most students deal
with by following explicit directions or by
rote. There is one "right" answer.

Comments: This exercise requires students to plan and carry out
their experiment, make and interpret observations, and communicate
their thought processes. A well-designed scoring rubric includes
partial credit for the various subtasks. This style of activity reduces
the student's dependence on algorithms. All students will have some
success with this activity, but there are several paths to a successful

unless we
provide an
opportunity for
them to
demonstrate
that they can.

(a)

out come. Content knowledge and process skills are both required.
The lack of knowledge of just one fact, such as the color of
phenolphthalein in acid or base, does not totally jeopardize the
demonstration of knowledge and skills. Depending on the assessment
goals, such activities can be carried out individually or cooperatively.

Discrete Knowledge vs. Rich,
Well-Structured Knowledge

At every level of science instruction, teachers acknowledge that there are some concepts, ideas, and skills that lend themselves to
quick, unambiguous assessment. When we ask a student to calculate the molar mass of a compound, balance a chemical equation,

give the shape of a molecule, or write
formulas for the products of a redox
reaction, the answer is unambiguous
and student success with the task can
be measured with certainty. Butare
such algorithmic skills really central
to what our course is attempting to
teach? Or are we trying to bring
students to the point of understanding
the nature of processes well enough to
conceptualize what is happening at the
molecular level rather than simply
following learned algorithms? Can
students, for example, understand in a
more general sense the nature of
oxidation and reduction well enough
to recognize why some metal objects
they use corrode away while others
remain shiny and bright? Can they
understand why the manufacture of
hydrogen for fuel requires more
energy to produce it than is

Table 14.3

Increasing Emphasis on Well- Structured Knowledge

Less of This

More of This

Given the formulas for molecular oxygen,
molecular hydrogen, and water, along with a
table of bond energies, the student is asked to
write a chemical equation to represent the
electrolysis of water and calculate the enthalpy
change for the reaction.

Given this structural diagram representing
water molecules and a table of bond
energies, students draw a diagram to
represent the molecular view of the products
of electrolysis and to describe the outcome
of electrolysis in terms of the predicted
physical states of the products and the
energy released or consumed in the process.

Comments: Most introductory chemistry
students can write the equation for water being
electrolyzed into hydrogen and oxygen gases.
This symbolic representation is often just that,
however, with no fundamental conceptual
understanding of the nature of the products or
the energy relationships involved in making
and breaking chemical bonds. Students tend to
be much less successful with the energy
calculation because of their lack of conceptual
understanding of the bonding involved.

Comments: This question requires students
to think about the bonding of atoms in
molecules, an to demonstrate understanding
by first preparing their won sketch of the
products, and then considering bonds broken
and bonds formed, molecular masses, and
shapes and polarities of the product
molecules. Students are expected to
conclude from these considerations that
gaseous products result, with a substantial
input of energy.

subsequently released in its combustion? Table 14.3 illustrates this shift in emphasis.

The point of this assessment standard is that we cannot expect broad, general understanding if we only assess "bite-sized” chunks
of information. There is little doubt that the ability to understand the broad principles of science, and to transfer and apply that
knowledge to new situations, is the hallmark of a scientifically literate person. The debate among science educators for
generations has centered around whether a person can successfully interpret new science-based events and information without
being well grounded in transferable knowledge. The authors of the standards clearly wish to see assessment greatly broadened
and enriched, and teachers are just beginning to figure out how to do this very difficult job.
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Table 14.4
Increasing Emphasis on Reasoning Like a Scien

Less of This

ist_

More of This

The student is asked to explain why chlorine is
used for the treatment of most municipal
drinking water.

The student is told that chlorination of water offers

advantages and disadvantages and is to evaluate

statements to judge whether the advantages outweigh

the disadvantages:

o Chlorination kills most water-borne bacteria.

o Heavy metal ions are removed by chlorination.

o Trihalomethanes (THMs) may be produced if
chlorine is added to water containing organic
matter.

o Of the various methods for sanitizing water,
chlorination is least expensive.

o There is a reduction in tooth decay as a result of
chlorination.

o Ozone and ultraviolet light can also be used to
sanitize water and are safer than chlorination.

Comments: This is a simple question that is
based on recall

Comments: Most students can enjoy some success
with this approach, even if there are significant gaps
in their understanding of one or more of the subtopics.

Scientific Knowledge vs.
Scientific Understanding
and Reasoning

How does one think like a
scientist? Is there really a
"scientific" way of thinking
about things that
distinguishes itself from the
way mere mortals think about
things? We doubt it. Our
experience is that scientists
and nonscientists use their
intellectual tools in pretty
much the same way. The
difference is that scientists
have a larger toolbox when
addressing problems that are
amenable to scientific
scrutiny. As Isaac Newton
very humbly wrote, "If [ see
farther, it is because I stand
on the shoulders of giants."

tools that anyone brings to bear on a problem,

What Do Students Not Know vs. What Do They Understand
All teachers can cite painful examples from their own days of formal education when they asked the one thing that the student did
not know (or at least what the student perceived to be the one thing he or she did not know)! This is an extension of that well-
known phenomenon in which the teacher calls on students only on the days they are unprepared. Furthermore, the questions may
not be posed in a manner that enables the students to reveal their full knowledge of the subject. What we would really like to be
able to say to the student is, "Tell me everything you know about topic X, and tell it to me in such a way that | can easily fit it
into a scoring rubric." One practical approach is to structure questions so that students can answer in several ways and receive

credit for partial understanding, as
Table 14.5 illustrates.

Achievement Alone vs.
Achievement and Opportunity
To Learn

Appraisal of the learning
environment as a significant factor
in determining what a student can
achieve is acknowledged by most
educators as a special concern.
However, it is anything but easy
for either classroom teachers or
assessment professionals to figure
out how to deal with the issue. It is
somewhat easier, on the other
hand, to recognize that the students
coming into our classes are not
homogeneous. Some are farther
behind (or farther ahead) than their
innate intelligence would suggest
because of poor (or excellent)

Regardless of the knowledge

the evaluation and reasoning process can be pretty much the same (Table 14.4).

Table 14.5

Less of This

Increasing Emphasis on finding Qut What Students Do Understand

More of This

The student is given the formula of a
particular covalent compound and
instructed to use VSEPR and
electronegativities to determine the
molecular shape and polarity of the
compound.

The student is reminded that polar covalent
compounds have the center of positive charge located
away from the center of negative charge in the
molecule. The student is to describe the factors that
come into play in determining whether compounds are
polar or nonpolar. The student is free to use any or all
of these tools: electronic structures, Lewis dot-
structures, VSEPR, orbital hybridization,
electronegativity, ionization energy, electron affinity,
and atom sizes.

Comments: Students can succeed with
this multi-step problem only if they
recall the general characteristics of
covalent bonds, details of bond polarities
based on electronegativity differences
and molecular symmetry based on
VSEPR. The chances of incorrect

response are very great.

Comments: Most students can enjoy some success
with this approach, even if there are significant gaps
in their understanding of one or more of the subtopics.

learning environments they have experienced in the past. Rather than attempting to index the "opportunity to learn" to factors
originating outside the classroom, we believe it is more realistic to consider incremental gains that students make under an
individual teacher's tutelage, and that is the way we have chosen to deal with this assessment standard.

Incremental gain is traditionally determined through some variant of a pre-test/post-test strategy. The major concern is that these
instruments be genuinely congruent with the objectives of the instruction that is sandwiched between. The assessments, for
example, should be sensitive to the criteria that have already been discussed. In addition, race and gender bias of the instruments
themselves must be carefully considered in establishing the benchmarks for measuring incremental gain, as must physical
handicaps and lack of language proficiency.
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Teacher-Driven End-of-Term Assessments vs. Ongoing Student Assessment
Classroom chemistry teachers are also, in a sense, researchers in chemical education, whether or not they see themselves that
way. Feedback from classroom assessment is used either formally or informally as teachers plan their instruction and adjust pace
and depth on the basis of how students are learning. In these days of increasing accountability, it is not surprising that many
teachers are somewhat reluctant to release any of their responsibility for assessment to the students, but student learning is
enhanced when students take greater responsibility for their own learning. By implication, the NSES suggest that students can
take more responsibility for their own assessment as well (Table 14.6). In fact, efforts to reduce the emphasis on external or
teacher-generated end-of-term assessments and to increase the emphasis on ongoing student assessment have met with substantial
success. When students feel that their input is valued, they are more successful. One such recent experiment in allowing students
a greater role in ongoing assessment led the teacher researcher to remark, "As an educator, this process has renewed my belief
that students want to be involved, are ambitious, and want to be challenged" (Lundbert, 1997).

Measurement Experts Vs. Teachers' Roles In External Assessment
If it is true that most teachers start by teaching in the way they were taught, then it is certainly true that most teachers carry out
assessment in the way they were assessed. We are all painfully aware of the many demands on our time, and developing better
student assessments is often not the item with highest priority on our list. As if writing classroom tests and developing other

Table 14.6

Increasing Emphasis on Student Participation in Assessment

Less of This

More of This

Students are given data for
dissolved oxygen
concentration on the y-axis,
as a function of temperature
on the x-axis, and to identify
the temperature at which fish
have the most available
oxygen.

Groups of students are given temperature
and dissolved oxygen data for each month
of the year from a stream. Each group is to
develop a graphical display involving any
relevant variables (month, temperature,
dissolved oxygen concentration) that will
help nonscientists understand the variation
in dissolved criteria to evaluate the clarity
with which various graphical displays
communicate this information to the
public. (See also Chapter 11.)

Comments: This is a typical
graphing exercise that
students tend to do by rote.

Comments: Students develop many
responses to activities such as this and
tend to be very perceptive in evaluating
the effectiveness of various graphical

displays in communicating information

assessment activities were not enough,
does it seem reasonable that the NSES
expect teachers to shoulder an increasing
share of the work in designing student
assessments?

Two factors stand out. The first is that
only through the active involvement of
the teachers will content validity and
construct validity be maintained.
Practicing teachers are the ones who
know how students respond to changing
curricular content and instructional
paradigms, and they are the ones that can
effectively make contributions to
regional, state, and national assessment
reform. The second factor strikes at the
heart of what it means to be a
professional. Teachers who actively
participate in designing curricula and
assessment activities routinely report that
they experience intense professional
growth. As long as administrators and
school districts understand that teachers
need to be supported and encouraged to
participate in such important professional

activities, teachers willingly, even eagerly, participate in this creative component of the teaching-learning process.

Having more teachers with a professional stake in large-scale extsrnal assessment can have the beneficial effect of discouraging
the misuse of the data generated by such assessments. Tests designed for student assessment, for example, should not be confused
with those designed for program assessment. For more than 70 years, teachers have been, and continue to be, the measurement
experts in constructing chemistry assessment examinations for the American Chemical Society (ACS) Division of Chemical
Education (DivCHED) Examinations Institute (see references below).
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CHAPTER FIFTEEN

The Impact of the Standards on Advanced Placement Chemistry

RONALD D. ARCHER
DEPARTMENT OF CHEMISTRY
UNIVERSITY OF MASSACHUSETTS
AMHERST, MA 01003

Advanced Placement (AP) chemistry, theoretically the equivalent of first-year college or university chemistry, is taught to
superior students while they are still in secondary school. It is viewed by the College Board as "an opportunity for secondary
school students to pursue and receive credit for college-level course work at the secondary level" (CEEB, 1988).

The AP program was started in the 1950s to meet the educational needs of those abler secondary school students who are capable
of handling college-level studies but are not necessarily mature enough to handle the social and other aspects of tertiary
education. More details can be found in the above-cited manual.

Thus, at first glance, it would appear that the National Science Education Standards (NSES) should have no impact on AP
chemistry. The standards describe the minimal K-12 science background "for all Americans" (NRC, 1996). The Advanced
Placement Course Description for Chemistry (called the "acomn chemistry booklet" from the College Board acorn logo on the
cover) provides broad recommendations for the topics and skills to be covered in an AP chemistry course (CEEB, 1996a). The
acorn booklet content is based on topics covered in the first-year college chemistry courses of most colleges and universities, as
deduced from surveys of college and university chemistry departments and the expertise of the College Board Chemistry
Development Committee.

The Need for Change

College and universities will need to adapt their introductory chemistry courses as the science education of high school students
changes because of the NSES. In turn, these changes will modify the content (and pedagogy) of AP chemistry. The College
Board Chemistry Development Committee meets at least twice each year, so any extensive changes in the teaching of college
chemistry should be immediately evident. However, some lag time may occur in the printing of each new acorn booklet for the
subsequent academic year.

Changing Science Experiences

The nature and content of the science experiences of secondary school students will be different in standards-oriented programs
from the current traditional secondary school courses. More inquiry-based and less specific fact knowledge is anticipated as the
NSES are implemented. College and university faculty members will need to modify their courses to take advantage of the new
learning skills the students will bring to the classroom. However, some of the science content knowledge expected of students in
the past may not be part of their experiences under curricula designed to address the new learning goals. Thus, college chemistry
courses may have to "fill in the gaps" that the college teachers identify to meet the content requirements of first-year chemistry
courses for science majors.

Other Forces for Change

At present, the National Science Foundation is supporting five different consortia of colleges and universities in an effort to
reform undergraduate chemistry, especially in the first two years. Also, the American Chemical Society (ACS) is developing a
new first-year chemistry course that places chemistry within a biological context. All of these initiatives could have an impact on
AP chemistry—perhaps leading to the development of two or more AP chemistry examinations should the new college programs
prove popular.

Physics already has three different AP course examinations: B, which is based on a full-year general physics course;
C—Mechanics, which is based on a one-semester course; and C—Electricity and Magnetism, also based on a one-semester course.
Several other subjects offer at least two different AP course examinations. However, no attempt has been made to provide an AP
analogue to the first-year organic chemistry courses being taught at a few universities (e.g., Brown University had a first-year
organic course even when AP chemistry was first offered, and the University of Michigan has offered one for several years).
Until a sizable number of colleges and universities adopt one of the new programs, it appears unlikely that any new formats for
AP chemistry will be developed.

Changing Emphases In AP Chemistry

Over the past decade, three changes in emphasis have occurred in the AP examination involving: the laboratory portion, the
reinclusion of organic molecules in the examination, and the use of equations rather than their memorization. A few topics have
been removed, but surveys indicate that the vast majority of colleges and universities report that they teach almost all of the
topics in the acorn chemistry booklet.
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Laboratory

A greater emphasis is being placed on laboratory experiences. The CEEB surveyed students taking the AP chemistry examination
and found that many high school teachers had decided that their students needed more time in lecture topics or that it was
impossible to provide longer laboratory periods in their high schools. The committee found that better test scores were obtained
by students with significant laboratory experience. To add pressure for the inclusion of substantial laboratory experiences in AP
chemistry courses, laboratory questions have been placed on both the essay and the multiple-choice sections of the AP chemistry
examinations. Also, the recommendation has been made by the ACS that colleges request the laboratory notebooks of AP
students before awarding the students college chemistry laboratory credit. The current acorn chemistry booklet notes that

Because chemistry professors at some institutions ask to see a record of the laboratory work done by an AP student before
making a decision about granting credit, placement, or both, in the chemistry program, students should keep reports of their
laboratory work in such a fashion that the reports can be readily reviewed.

The latest acorn chemistry booklet also includes a detailed (20-plus pages) discussion of the AP chemistry laboratory program,
what should be gained from the program, and the continuum of inquiry so important in scientific investigations— observing facts,
proposing explanations to be tested, designing and carrying out experiments, expressing conclusions, and so forth. The emphasis
is on providing students with many traditional laboratory exercises and giving them the opportunity to conduct novel
investigations that help them learn how to engage in this continuum of inquiry.

Organic Molecules

A greater emphasis is being placed on including organic molecules in the AP chemistry examination. A knowledge of basic
organic functional groups, nomenclature, and chemical properties is expected. Whereas detailed organic reactions per se are not
included, organic molecules are used to illustrate concepts such as bonding, equilibria involving weak acids, kinetics, colligative
properties, and stoichiometry.

Equations

Numerous equations that are potentially useful for solving AP-type problems are provided in the 1996 AP chemistry examination
(CEEB, 1996b). Previously, only a hint of the Nernst equation was provided, but the 1996 examination gives five atomic-
structure equations; nine equilibrium equations; nine thermochemistry equations; twelve equations related to gases, liquids, and
solutions; and four equations related to oxidation-reduction and electrochemistry. Thus, AP students can concentrate on
principles rather than memorizing mathematical equations.

On the other hand, the necessity of knowing some chemical facts has been reemphasized in the 1996 examination by placing the
chemical reactions question—a long-time feature of AP chemistry examinations—up front as the first question on the free-
response portion of the examination. A |0-minute time segment is provided just for showing a basic knowledge of reactants and
products for five of eight common chemical reactions. Other basic facts are also necessary for the multiple-choice portion of the
examination. .

The Wrong Impact?

Because of budgetary concerns, some secondary school governing boards may assume that they can teach NSES-based science to
all of their students without increasing the number of science teachers in their schools. This is completely unrealistic. Currently,
only a fraction of high school students take science for four years. Therefore, schools without added teachers will face the
prospect of teaching science to all students with insufficient staff. Which courses will be left out of the curriculum as a school
struggles to teach NSES-based science to all students? The current high school science courses for science-oriented students
modified to address the NSES? Advanced courses such as AP chemistry?

While the national standards related to chemistry provide a sound general knowledge base for all students, they do not include
sufficient mathematical content to prepare prospective college science students, unless additional content is added. Thus, it will
be important that appropriate science education experiences beyond the learning goals defined by the NSES be made available to
these students. The present AP chemistry course is designed to be taken only after the successful completion of a first course in
high school chemistry and should not take the place of a year of high school physics. However, a good science background
through the NSES could change this perspective. Only time will tell.
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CHAPTER SIXTEEN

Reform and Resources

SYLVIA A. WARE

EDUCATION DivISION
AMERICAN CHEMICAL SOCIETY
1155 SIXTEENTH STREET, NW
WASHINGTON, DC 20036

(This chapter is adapted from a speech given at a symposium held at the American Chemical Society New Orleans national
meeting in March 1996, to honor the memory of Dr. Allan McClelland of the DuPont Company and the National Science
Foundation.)

Everyone seems to be involved in science education reform: teachers and scientists, parents and employers, educational
researchers and engineers, federal and state government agencies, school boards and students. We talk about "stakeholders" in
the reform process and, of course, we now realize that we are all stakeholders in this process.

Despite the many voices, there is some consensus on what we have to do to reform the system to reach world-class
standards. And, as the National Science Education Standards (NSES) make clear, this does not just involve changing
what we teach, but how we teach, how we prepare teachers, and how we measure the success of our efforts with
students, teachers, schools, and school systems. We do seem to understand that we need to make changes throughout
the educational system to implement sustainable reform.

However, although we all apparently recognize that reform means more than changing the content of our textbooks, we spend a
disproportionate amount of time discussing science content when we talk about reform. We do not spend as much time talking
about the resources that are needed to implement the student-centered, hands-on, inquiry-based learning that is the keystone of
the NSES. This is not just an issue that receives less attention than curriculum reform; it is an issue that, unless addressed
directly, will doom reform efforts to failure.

The NSES address the issue of resources in the program and system standards, found at the end of the standards document (NRC,
1996). There are six program standards, the fourth of which, Program Standard D, relates to resources:

The K-12 science program must give students access to appropriate and sufficient resources, including quality teachers, time,
materials and equipment, adequate and safe space, and the community.

e The most important resource is professional teachers.

¢  Time is a major resource in a science program.

e  Conducting scientific inquiry requires that students have easy; equitable, and frequent opportunities to use a wide range

of equipment, materials, supplies, and other resources for experimentation and direct investigation of phenomena.
¢  Collaborative inquiry requires adequate and safe space.
¢  Good science programs require access to the world beyond the classroom.

System Standard D states, "Policies must be supported with resources.”
Resources for Reform

Professional Teachers :

The need to hire well-prepared teachers and the need for districts to budget for teacher continuing professional development are
both recognized in NSES system Standard D. What is not explicitly mentioned is the need for more science teachers, nor is any
indication given of where they will be found.

In 1994, nationwide, 95+% of high school students took Biology 1, 51% took Chemistry 1, and 22% took Physics 1 (Blank and
Gruebel, 1995). Since we are already anticipating a serious shortage of qualified science teachers, who will be teaching more
science courses to more students? The solution is certainly not to cram more and more students into the same class. Matti and
Weiss (1994) reported that the average high school science class size was 23 students nationwide, and 11% of science classes
contain more than 30 students. The overcrowding varies considerably from state to state—for example, the percentages of all
science classes in grades 9-12 that contain 30 or more students are 27% in California, 42% in Utah, 21% in New York, and 5% in
Texas. Overcrowding certainly does not encourage teachers to let students out of their seats to do science.

There is also the issue of the aging teacher population, which hits at both the elementary and secondary levels with the prospect
that demand for replacement teachers may exceed supply early in the next century. In 1971, more than 33% of all elementary and
secondary school teachers were under 30 (Matti and Weiss, 1994). Twenty years later, 10% of all these teachers were younger
than 30. Who will be teaching science in 20617
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Of course, should all students be required to receive more science instruction, there is the very real possibility that, at the middle
and high school levels, more teachers will teach out of their specialty. Even in states with well-prepared science teachers, there is
teaching out of field. The worst-case scenario is usually described as the chemistry teacher taking the physics class, the biology
teacher taking chemistry, and the biology being taught by the coaching staff. This situation could get much worse!

None of the above comments relates to either how well prepared teachers at the elementary and secondary level are to teach
science or how accepting they are of the reform agenda. Nor do they address the issue of how much in-service development must
be provided to help teachers implement standards-based reform. Recent data indicate that, prior to release of the NSES, only 23%
of grades 1-4 teachers, 34% of grades 5-8 teachers, and 56% of grades 9-12 teachers had received more than 15 hours of in-
service education over a three-year period (Weiss et al.,, 1994). Data also indicate that, although teachers may be aware of certain
reform issues, they may not feel comfortable enacting some of the reforms. This is particularly true at the high school level
where, for example, only 59% of science teachers support the teaching of fewer concepts in greater depth (a fundamental
principle of curriculum reform) compared with about 69% at the K-8 level (Weiss et al., 1994). Another example: Although 96%
of teachers in grades |-4 and 93% of teachers in grades 5-8 support teaching science to every student every year, the support
drops to 76% for teachers in grades 9-12.

It seems that a cadre of high school teachers will have difficulty with the notion of "science for all." All of us involved in science
education reform have heard the plaintive cry, "But you don't really mean all, do you?" Again, the data are not particularly
encouraging. While the NSES support high-quality, hands-on, inquiry-based science instruction for all students, high school
teachers have reported different objectives for low- and high-ability students; and 68% of them support ability tracking (Weiss et
al., 1994). Low-ability students are less likely than high-ability students to be in classes that emphasize reasoning/inquiry skills
(66% vs. 92%, respectively).

It is also depressing to learn that low-ability students are less likely than high-ability students to be in classes that emphasize
"hands-on" science (56% vs. 68%) and more likely to be asked to read from a book (55% of classes vs. 40%). This is odd since
the lower ability students may need more hands-on concrete experiences than the higher ability students in order to learn abstract
science concepts (Ware, 1992). If students are being denied hands-on science experiences because some of them may present a
discipline problem, asking these students to learn science by reading the text is going to improve neither their science
achievement nor their behavior.

Substantial resources for professional development will have to be made available to persuade teachers to implement science
education reforms that they may actively oppose or subconsciously reject. It is not just an issue of ensuring that teachers know
the science and the pedagogy, it is also an issue of the teacher's beliefs about who can and who cannot learn science and their
feelings about what it means to be a "good" teacher. Changing entrenched values takes plenty of time and money.

Time
One of the most crucial and problematic resources for science is time: time on the schedule for science instruction; time for
hands-on, inquiry-based science; and time for teachers to interact with one another during the school day.

Time on the schedule. Working in a scientific community, it is easy to fool ourselves into believing that all Americans think that
science is a basic subject that should be taught to all students every year from K to 12. What is actually happening now?
Nationwide, on average, students in grades 1-3 spend 24 minutes per day learning science; in grades 4-6 the average rises to 36
minutes per day (NSF, 1996). From 1977 to 1993, we added, on average, seven minutes of science a day in grades 1-3 and eight
minutes a day in grades 4-6. Where is the time to be found on the elementary school schedule to implement standards-based
science reform?

Ten states require three science credits for high school graduation, thirty states require two science credits, two states require
either two or three science credits (with three or two mathematics courses), two states require one science credit for high school
graduation (1), and the remainder leave the decision to the local education authorities (Blank and Gruebel, 1995). Why are high
school students not pressured to take four years of science in order to obtain a high school diploma? Could it be that science is
not really considered a basic subject after all?

At the high school level, the 45- or 50-minute laboratory period is a notorious barrier to the innovative laboratory session. You
cannot do very much in that period once you allow time for pre-and postlab activities and cleanup. Some school districts are
moving to double periods or even block scheduling, which certainly facilitates the introduction of meaningful laboratory
activities. It also means that some teachers will need help to find and/or develop new laboratory activities and to adapt to new
strategies for time and class management.

Does the reform of science education, grades K-12, necessarily mean that more time must be found on the schedule for science?
Can existing time be better organized? Reading the NSES, it is difficult not to conclude that a greater proportion of the school

day, at all grade levels, will have to be found if we are to address the standards. But there are standards being developed for
subjects other than science. 4/ disciplines will be making the case for more time on the schedule.
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Time to do hands-on science. Several years ago, Lee Marek, a very talented high school chemistry teacher from llinois, wrote
an editorial for Chemunity News on the subject of the importance of time to the science teacher (Marek, 1995). Here are some of
his extremely pertinent comments:

Twenty years ago | was teaching alone in my classroom. The football coach was on the field alone with his team. Now
he has an offensive line coach, receiver coach, trainer, athletic director (with secretary), and assistant director. | am still
alone in my science room, but now I need to know computers and laser disc technology, know how to write across the
curriculum, teach thinking skills and math skills, worry about safety and disposal like | never have before, facilitate
cooperative learning, and handle mainstreaming.

Across the country, states and large cities are strongly promoting hands-on, inquiry-based science without providing teachers
with the time they need to implement it. The NSES address this issue as follows:

The emphasis on the need for professional teachers of science does not diminish the need for other school personnel
who enhance the science program. In addition to an administrative team and teaching colleagues, other support
personnel might include the resource librarian, a laboratory technician, or maintenance staff.

I grew up in Great Britain. From the ages of 11 to 18, I attended a girls' grammar school run by the local education authority (i.e.,
public education, not "public school" education). There were approximately 550 girls in the school. The science staff were
supported by five certified laboratory technicians: one each for chemistry, physics, biology, physical geography, and general
science. At least two of these technicians worked full time. All of our sciences were taught as laboratory-based courses; the
people resources were there, so the teachers had time to do this.

This school wasn't unique in its use of laboratory technicians; their use was and is the norm in the United Kingdom and in most
of the developed world. Even developing countries seem to find the money to pay for a laboratory technician to support science
teaching staff in secondary schools. Why is this an odd idea in the United States? Laboratory instruction needs preparation
time—time that most of our teachers do not have—for setup, solution preparation, stockroom maintenance, equipment
construction and repair, and so forth. Teachers should not have to depend on the services of a student, trained by the teacher after
school, in order to introduce a laboratory activity (although many teachers enjoy training students to provide this support).

At present, teachers report that they spend 26% of class time using hands-on manipulative activities in grades 1-4, 23% in grades
5-8, and 21 % in grades 9-12 (Weiss et al., 1994). Is this the appropriate level of practical instruction according to the standards?
Perhaps if teachers were not teaching six periods a day and taking on other duties for the seventh period, they might manage to
include more hands-on instruction, even without a laboratory technician.

Time to interact. The teacher's crowded daily schedule also contributes to a sense of isolation. The NSES recognize the
importance of teachers functioning as members of a community of learners in both the professional development standards and
the program standards:

Regular time needs to be provided and teachers encouraged to discuss, reflect, and conduct research around science
education reform. ...Time must be available for teachers to observe other classrooms, team teach, use external
resources, attend conferences, and hold meetings during the school day.

Table 16.1 It is sobering to
Percentage of Science Teachers Indication Problems with Resource Availability compare the
conditions under
Resource Grades 16 Grades 7-9 Grades 10-12 which Japanese
1977 1986 1993|1977 1986 1993 | 1977 1986 1993 | ork with conditions
Materials to 30 30 30 |27 27 37 28 20 38 here in the United
individualize instruction JStateS- Tygihca"ya
Funds forequipmentand [ 29~ 30 40 |24 26 31 |27 B 36 e o
supplies teach 18 periods a
Access to computers — 18 20 J— 23 37 J— 17 4 meellj, Scompafed Wfith
e U.S. average o
Source: NSF, 1996 25 (NCES, 1996).

The Japanese teachers each have a desk in a large teachers' room where they spend most of their time, when not actually
instructing, sharing information about students, educational strategies, and the curriculum.

In the United States, even when teachers have a period for class preparation during the day, there is a fair chance that their
science colleagues will be in class. This compounds the difficulty of team planning and cooperation. The same situation exists in
the school at large. Because of supervision and extracurricular assignments, it may be impossible for a typical school staff to all
meet together regularly. In the United States, only 16% of science teachers in grades 9-12 agreed with the statement
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"I have time during the school week to work with my peers on science curriculum and instruction." Only 14% of teachers in
grades 1-8 agreed with that statement (Weiss et al., 1994).

Giving science teachers (or any
Table 16.2 . . . teacher, for that matter) significant
Schools Reporting Insufficient Capability to Support Technology amounts of time to interact during
the school day seems impossible
% Of All No. Of Schools | No. Of Students Wlth;n OE" stt)elr;?g" would clearly
involve (again) hiring more
Technology Schools teachers to reduce the load on those
already employed. The financial
Fiber-optic cable 86.8 66,000 35.4 resources to do this just are not
available.
P hone l¥nes for 61.2 47,000 24.8 The need for teachers (all teachers,
instructional use not just science teachers) to be
given time to implement
Conduiits for 60.6 46,600 24.9 educational reforms is becoming a
computer/computer more visible issue. Adelman and
P P Walking Eagle (1997) have
network cables described the teachers' need of time
to learn about and practice
Modems 57.5 44,200 23.0 innovations, introduce and
institutionalize reform, and reflect
. and improve upon reforms. In a
Phone llneS fOl‘ 55.5 42,700 22.5 recent Smdy of how teachers use
modem time in the context of reform, they
concluded that while it takes time
to implement change in the
Computer S1.8 40,100 . 207 classroom, time is a necessary
petworkls for commodity that "more often than
| instruction not is given short shrift."
Electrical wiring Hools are beginni
for computers 46.1 35,700 19.3 Some schools are beginning to
- address this issue by building time
Electrical power into the weekly school schedule to
for computers 34.6 26,800 14.5 allow teachers to plan and work
Laser disc o eave caly so hat f eachers
y so that all teachers
player/VCR 335 25,700 13.5 are available for group activities
Cable TV and cooperation.
317 24,200 12.2
Computer printers Access to Equipment and Supplies
. P p Science teachers need access to
| for instruction 29.3 22,700 11.9 equipment, consumable supplies,
Computers for computers, and the Internet. Not
Instruction 25.2 19.500 10.3 only is access to these resources
TV considered a problem for about
S 36% of all teachers (see Table
15.9 12,200 6.8 16.1), but access to all kinds of

equipment is more likely to be a problem for classes with 40% or more of minority students than for other classes (NSF, 1996).

Weiss et al. (1994) report that the median amount spent on consumable science supplies is $0.51 per student per year at the
elementary school, $0.88 at the middle school, and $2.22 at the high school. Compare this with the amount that teachers report
spending out of their own pockets each year. Elementary teachers report spending $80 of their own money for science and
mathematics each year; high school teachers report an average of $250 out-of-pocket spending for five classes per year. Now
there's a way to run a business—get the employees to buy their own supplies! Presumably, as more hands-on science is introduced
at all grade levels, the cost of consumables is going to rise. This should not mean that more teachers must take more money out of
their own pockets to ensure that their students have an opportunity to meet international standards of excellence. Note that the
annual average salary of all U.S. teachers in 1995-1996 was $37,643 (Nelson and Schneider, 1996).

Adequate and Safe Space
In 1995, the General Accounting Office examined the physical condition of school facilities across the nation, looking at safety
issues and whether the schools were able to meet "the functional requirements of some key education reform activities.”
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Some 42% of elementary and secondary schools (32,100 schools enrolling 14.6 million students) indicated that they did not meet
the functional requirements for conducting laboratory science at all well (GAO, 1995). Where the school enrollment exceeded
50.5% minority students, 49.1% of schools reported they were "not at all" well prepared to teach laboratory science. In eight
states, more than 50% of schools were unprepared to teach laboratory-based science.

Science classes require laboratory benches, water, electrical power, gas and vacuum outlets, adequate ventilation, and safety
equipment. In Chicago, officials réported that only 25% of their schools were ready for laboratory-based instruction. New
Orleans schools were especially concerned about safety issues, and this is a problem for most large cities.

Access to the World beyond the Classroom

A very important message conveyed by the NSES is that science exists in the world beyond the classroom; science does not just
take place at the traditional laboratory bench. This message is reflected in the selection of content in the standards, which
includes science and technology in society as well as the development of an understanding of risk-benefit analysis. Regrettably,
for the past 30 years, there have been few examples in U.S. science curricula of the applications of science. In chemistry, for
example, industrial chemistry has all but disappeared, except in textbooks such as ChemCom.

Students need to get out into the community—into hospitals and forensic laboratories, wastewater treatment plants and petroleum
refineries, and textile mills and bakeries. This is becoming more and more difficult for logistical, insurance, and cost reasons; but
it is certainly possible for the community—for employees in business and industry—to come to the schools. Of course, all school
visitors should communicate with the teachers of the classes they are visiting so that the visits become value added to the lesson,

not merely an interruption of an already tight schedule.

Modem technology facilitates access to the world beyond the classroom. Here again, our schools are not well positioned to take
advantage of the available technology. The infrastructure of many schools will not permit them to take advantage of the computer
and the vast resources of the Internet (see Table 16.2).

A Question of Priorities

Someone once said that education is everyone's second priority. Sometimes, it seems that science education is the third on the
list. Certainly, resource issues will not be solved in the time-honored way by "throwing money at the problem." However, try not
throwing any money at the problem, and the problem remains.

Nationally, we need to get the message across to all the American people, not just to the education community, that science really
is a basic subject that should be made accessible to all students for every year of compulsory education. There is an essential
marketing job to be done here; it may be accomplished by the efforts of companies or individuals working for those companies,
by politicians, by school boards, by teachers, by movie stars. Until the American public recognizes the vital importance of
science, mathematics, and technology education to children who will be learning and earning in the twenty-first century,
educational systems will be slow to redirect or find new resources for science education reform. Parents who now hold bake sales
for football equipment must somehow get just as committed to running bake sales for science and computer equipment. (The
latter does happen, but not often enough.)

Industry can help make the case, at all levels of government, that all educational reform takes resources, and one of the most
important of these resources is time. The case has to be made, school board by school board, that world-class science education
standards will not be met without adequate resources, including the provision of time and resources for the science teacher to
teach hands-on, inquiry-based science. Here is a national goal that science teachers could really respond to: By 2000, every
school science department will have at least one full-time laboratory technician.

Finally, reform itself takes time, and neither the general public nor politicians are especially patient. We must all stay the course
of these reforms, no matter how long it takes. Even if it takes longer than the year 2061 (see AAAS, 1993), we must continue to
strive for reform—there is no possible direction but forward if the twenty-first century is to belong to the United States in the
same way as the departing century.

REFERENCES
AAAS (American Association for the Advancement of Science). 1993. Benchmarks for Science Literacy. New York: Oxford
University Press.

ACS (American Chemical Society). 1987, 1992, 1997. Chemistry in the Community. Dubuque, IA: Kendall/Hunt Publishing
Company.

Adelman, N. E. and K. P. Walking Eagle. 1997. Teachers, Time, and School Reform. In /997 ASCD Year Book: Rethinking
Educational Change with Heart and Mind. Alexandria, VA: Association for Supervision and Curriculum Development.

Blank, R. K. and D. Gruebel. 1995. State Indicators of Science and Mathematics Education,
1995. Washington, DC: Chief State School Officers Council.

Copyright 1997, 2002 American Chemical Society

72



Chemistry in the National Science Education Standards

GAO (General Accounting Office). 1995. School Facilities: America's Schools Not Designed or Equipped For 2 st Century.
Washington, DC: General Accounting Office.

Marek, L. R. 1995. Chemunity News, 5 (4): 2-3.

Matti, M. C. and 1. R. Weiss. 1994. Science and Mathematics Education Briefing Book Volume IV. Chapel Hill, NC: Horizon
Research.

NCES (National Center for Education Statistics). 1996. Pursuing Excellence: A Study of U.S. Eighth-Grade Mathematics and
Science Teaching, Learning, Curriculum, and Achievement in International Context. Washington, DC: Office of Educational
Research and Improvement, U.S. Department of Education.

Nelson, F. H. and K. Schneider. 1996. Survey and Analysis of Salary Trends, 1996. Washington, DC: American Federation of
Teachers.

NRC (National Research Council). 1996. National Science Education Standards. Washington, DC: National Academy Press.

NSF (National Science Foundation). 1996. Indicators of Science and Mathematics Education 1995. Washington, DC: National
Science Foundation.

Ware, S. A. 1992, Secondary School Science in Developing Countries: Status and Issues. Washington, DC: World Bank,
PHREE/92/53.

Weiss, 1. R., Matti, M. C., and P. S. Smith. 1994. Report of the 1993 National Survey of Science and Mathematics Education.
Chapel Hill, NC: Horizon Research.

Sylvia Ware, a former high school teacher, is the director of the ACS Education Division and an honorary professor of the
Mendeleev University of Chemical Technology of Russia. She was the ACS representative to the Chair's Advisory Committee for
the National Science Education Standards.

Copyright 1997, 2002 American Chemical Society
| b
" /3

Aruitoxt provided by Eic:



o =c067832

U.S. Department of Education
Office of Educational Research and Improvement (OERI)
National Library of Education (NLE)
Educational Resources Information Center (ERIC)

REPRODUCTION RELEASE

{Specific Document)

L DOCUMENT IDENTIFICATION: .
e Chemishray in the Redad S @ Em o Sedlad]
fx \'LQ;\&QN‘CL»\J ReSowrvw W\W ’(\V MLS,\" -SU/lOD \Tf,(?\ MJ

Author(s): -A'*IV\Q/V\(,M CQ/\Q/VV\AL&_Q S Dwﬁq
Publication Date:

Corporate Source: . — )
i Fronn can Chomaad SDN}\W\ 20D

. REPRODUCTION RELEASE:

In order to disseminate as widely as possible timely and significant materials of interest to the educational community, documents
announced in the monthly abstract joumal of the ERIC system, Resources in Education (RIE), are usually made available to users in microfiche,
reproduced paper copy, and electronic media, and sold through the ERIC Document Reproduction Service (EDRS). Creditis given to the source
of each document, and, if reproduction release is granted, one of the following notices is affixed to the document. )

If permission is granted to reproduce and disseminate the identified document, please CHECK ONE of the following three options and sign
at the bottom of the page.

The sample sticker shown below will be The sample sticker shown below will be The sample sticker shown below will be
affixed to all Level 1 documents affixed to all Level 2A documents affixed to all Level 2B documents
PERMISSION TO REPRODUCE AND PERMISSION TO REPRODUCE AND PERMISSION TO REPRODUCE AND

DISSEMINATE THIS MATERIAL HAS DISSEMINATE THIS MATERIAL IN DISSEMINATE THIS MATERIAL IN
BEEN GRANTED BY MICROFICHE, AND IN ELECTRONIC MEDIA MICROFICHE ONLY HAS BEEN GRANTED BY
FOR ERIC COLLECTION SUBSCRIBERS ONLY,
HAS BEEN GRANTED BY
e ‘Tm__ ———!rlﬁ—
TO THE EDUCATIONAL RESOURCES TO THE EDUCATIONAL RESOURCES TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC) INFORMATION CENTER (ERIC) INFORMATION CENTER (ERIC)
1 2A 2B
Level 1 Level 2A Level 2B
Check here for Level 1release, parmitting Check here for Level 2A release, penmitting reproduction Check here for Level 2B release, permitting reproduction
reproduction and dissemination in microfiche or and dissemination in microfiche and in electronic media for and dissemination in microfiche only
other ERIC archival media {e.g., electronic) and ERIC archival collection subscribers only
paper copy.
: Documents will be pi d as indicated provided reproduction quality pemmits.
If permission to reproduca is granted, but no box is chech will be pr d at Level 1.

I hereby grant to the Educational Resources Information Center (ERIC) nonexclusive permission to reproduce and disseminate this document
as indicated above. Reproduction from the ERIC microfiche or electronic media by persons other than ERIC employees and its system
contractors requires permission from the copyright holder. Exception is made for non-profit reproduction by libraries and other service agencies
to satisfy information needs of educators in response to discrete inquiries.

Signature:

Printed Name/Position/Title: 'r(AMr\(A.VOL N AMe r\)(:ﬁ

5 Ot Dire Lo

Cramtmpsess MW n ChamicX) Jo Ltk :::‘:dw § WYY :iﬁ:in {72 30k
1SS [l th Jt NwWj WA D¢ 236 |"Cigmenc (000 b4 “‘s’/r/m

ERIC

Aruitoxt provided by Eic:



f . DOCUMENT AVAILABILITY INFORMATION (FROM NON-ERIC SOURCE):

'

If permission to reproduce is not granted to ERIC, or, if you wish ERIC to cite the availability of the document from another source
please provide the following information regarding the availability of the document. (ERIC will not announce a document unless it is
publicly available, and a dependable source can be specified. Contributors should aiso be aware that ERIC selectlon criteria. are
significantly more stringent for documents that cannot be made available through EDRS)) ,

Publisher/Distributor:

Awvamian Gaamawad o cA,Q/M‘

Address: : Lo
WWWS ¢ ov\em\sw\g oral Jresowrtes?id = S16bbR 28 2014 d TFT05 L
9 ©01 0
Price: .
hO CosY

IV. REFERRAL OF ERIC TO COPYRIGHT/REPRODUCTION RIGHTS HOLDER:

If the right to grant this reproduction release is held by someone other than the addressee, please provide the appropriate name and
address:

Name:

Address:

V. WHERE TO SEND THIS FORM:

Send this form to the following ERIC Clearinghouse:

However, if solicited by the ERIC Facility, or if making an unsolicited contribution to ERIC, return this form (and the document being
contributed) to:

ERIC Processing and Reference Facility
4483-A Forbes Boulevard
Lanham, Maryland 20706

Telephone: 301-552-4200

Toll Free: 800-799-3742

FAX: 301-552-4700
e-mail: ericfac@inet.ed.gov
WWW: http://ericfacility.org

EFF-088 (Rev. 2/2001)




