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HEARING ON WHY AND HOW YOU SHOULD
LEARN MATH AND SCIENCE

WEDNESDAY, MARCH 17, 1999

HOUSE OF REPRESENTATIVES,
COMMITTEE ON SCIENCE,
Washington, DC.

The Committee met, pursuant to notice, at 10:00 a.m., in room
2318, Rayburn House Office Building, Hon. F. James Sensen-
brenner (Chairman of the Committee) presiding. .

Chairman SENSENBRENNER [presiding]. The Committee on
Science will come to order.

Today, I want to welcome everyone here today for the first in a
series of hearings the Science Committee will be holding on science,
math, engineering, and technology education.

As you may know, last year I charged Congressman Ehlers with
developing an approach to a new national science policy. As a re-
sult o? over a year’s work, the Committee released the study,
“Unlocking Our Future: Toward a New National Science Policy,” a
major focus of which is math and science education. As the report
notes, math and science education is the road that will ensure
American preeminence in technology and prepare American stu-
dents to be able employees, smart consumers, and engaged citizens.
I am pleased that the Committee is following up on this aspect of
the Science Policy Study, as education is one of the most important
issues we must address.

By now it is old news that U.S. students are not performing to
the level of their peers around the world. In fact, U.S. students per-
form near the bottom. Clearly, American children are not receiving
an adequate education in math and science, and we as a Nation
should be concerned. We can and must do a better job of preparing
our young people for the 21st century and we have an obligation
to see that students receive the education they will need if they are
to compete and win in the global marketplace of the future.

This series of hearings will serve as a comprehensive examina-
tion of current science and math education, the directions science
and math education may take in the future, and programmatic re-
forms that may be necessary to ensure graduates of U.S. schools
are well prepared. The examination will require assessing the cur-
rent situation and understanding the specific weaknesses in our
education systems. The most technologically-advanced economy in
the world requires the most scientifically-literate workforce on the
planet.

I am pleased that my colleague Vern Ehlers of Michigan will be
chairing this series of hearings and taking the lead in this most im-
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portant issue. Before I turn the gavel over to Congressman Ehlers,
I would like to thank the witnesses for appearing before us today
and look forward to reading their testimony.

Chairman SENSENBRENNER. Would the gentleman from Cali-
fornia like to lead off on the Democratic side or does he believe in
“ladies first” and should I recognize the gentlewoman from Texas?

Mr. BROWN. Thank you very much for your consideration, Mr.
Chairman. I would prefer you recognize the lady first.

Chairman SENSENBRENNER. The gentlewoman from Texas is rec-
ognized for an opening statement.

Ms. EpDDIE BERNICE JOHNSON of Texas. Thank you very much,
Mr. Chairman. I really appreciate this hearing and I appreciate the
work of Mr. Ehlers.

During last Congress, the Science Committee held several hear-
ings. Some of the people here testified and I would like to welcome
this panel and look forward to a good exchange.

The status of K-12 science and math education—we are seeking
ways to improve student performance in these subjects. I am
pleased to join Vice Chairman Ehlers today in initiating a new se-
ries of science education hearings, which I hope will lay the
groundwork for some specific legislative initiatives.

The basic question raised by this hearing is, why is it important
that students learn science and math? To those of us on the
Science Committee, the answer is clear: in the past, concerns about
science education were motivated largely by the goal of ensuring a
full pipeline of students moving toward careers in science and tech-
nology but the realization that technology now infuses more and
more aspects of daily life leads to the conclusion that all citizens
need a basic grounding in science and math to function in an in- -
creasingly complex world and to lead fulfilling lives.

Most workplaces are becoming increasingly technological: While
our society is becoming increasingly diverse, we are running the
risk of a widening gulf between those with the training to thrive
in this new work environment and those lacking the basic skills to
qualify for the high-tech workplace.

The Nation must take advantage of the human resource poten-
tial of all of our people if we are to succeed in international eco-
nomic competition of the 21st century. This will require that reform
efforts in science and math education seek to engage and cultivate
the interest of all children. There is much evidence that young chil-
dren are naturally interested in science and that grade school stu-
dents in the United States perform well in science and math.

This was shown to be the case in recent results of the Third
International Math and Science Study, known as TIMSS. U.S. stu-
dents at the fourth grade level were near the top in this inter-
national comparison. However, the picture changes for the worse as
students move through the school system. By middle school—again,
the TIMSS findings—U.S. students have drifted down to the aver-
age performance level of the international comparison, well below
most of our major economic competitors. And, by the terminal year
of high school, U.S. students are near the bottom in the ranking
of science and math performance. This study gathered extensive
data on teaching strategies, curriculum materials, teacher develop-
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ment, and many other aspects of a school system of the various
countries.

At today’s hearing we hope to explore whether the analysis of
this data has led to any conclusions that could inform educational
reform efforts in the United States. In general, we are interested
in the views of our witnesses on ways that Federal education pro-
grams can contribute more effectively to the goal of improving
science and math education and particularly seek their views on
possible unmet needs for support of relevant research and dem-
onstration activities. Any recommendations that you may have
would be welcome. ,

Mr. Chairman, I congratulate you for calling this hearing and
join in welcoming all of our witnesses and look forward to it. I
thank you.

Chairman EHLERS [presiding]. Thank you for your opening state-
ment.

I will proceed with mine and then we will recognize the Ranking
Member, the gentleman from California, for his opening statement
and all the remaining ones will be simply entered on the record fol-
lowing the standard procedure of this Committee.

I am very pleased to welcome everyone to the first in a series of
hearings we plan to have on examining mathematics and science
education efforts within the United States. As most of you know,
and as Chairman Sensenbrenner told you a minute ago, I was
asked by Speaker Gingrich and Chairman Sensenbrenner to head
up a science policy study during the last Congress. This resulted
in the report, “Unlocking Our Future: Toward a New National
Science Policy,” about the vital need of our Nation to improve and
maintain its efforts in science and, particularly, to fortify our sys-
tem of mathematics and science education from preschool through
graduate school. '

Education is the cornerstone of a national resource, the intellec-
tual capacity of our children. Our K-12 education systems serve
three main purposes in that regard: it is responsible for preparing
future scientists and engineers for further study in college and
graduate school—that is number one; secondly, it provides a foun-
dation for those who will enter the workforce in other capacities—
in other words, workplace readiness; and third—and equally impor-
tant—it provides scientific and technical understanding so that the
citizens of our land may make informed decisions as consumers
and voters.

We must continuously and diligently nurture future generations
in order to provide them the opportunity to contribute and prosper
in the technology-based world of tomorrow. Recent assessments of
students performance—as you have heard repeatedly and also
heard just a few moments ago from Congresswoman Eddie Bernice
Johnson—our performance in science and math showed that al-
though our fourth graders did relatively well in both math and
science, our twelfth grade students are far from the goals set by
the Bush Administration and the 50 state governors some years
ago about being first in the world by the year 2000.

We have much to be proud of in our national educational system
but we ought always to be seeking to address our weaknesses and
to improve our performance. By combining the lessons learned

. &
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through the TIMSS analysis with the many discussions we have
had on this subject in the past, we can begin to address the steps
necessary to rectify the deficiencies in our educational system and
effectively pursue our goals.

In addition to the need to stimulate future curiosity and innova-
tion in science and technology, I believe that it is not only for the
sake of learning math and science fundamentals that these subjects
must be taught—and this is a very important point often over-
looked. In today’s world, these disciplines have a large and direct
impact on many aspects of our lives. Learning the inquiry-driven
process underlying math and science principles helps develop the
human intellect, aiding the learning of other, seemingly unrelated
subjects.

To enter the workforce in jobs ranging from an office worker to
an aerospace engineer, technical competence and problem-solving
skills—which are the fruits of a solid foundation in math and
science—are essential to exercising our roles effectively. In a recent
study by Thomas Burkman entitled, “The Role of Technology in Fu-
ture Schools,” it is pointed out that “data from the U.S. Census Bu-
‘reau and the Department of Labor have shown that by the begin-

ning of the next century, 60 percent of the new jobs will require
skills possessed by only 20 percent of the young people entering the
labor market.” Unless we improve the education our children re-
ceive, they will not be adequately prepared to compete with their
international peers in a global economy.

An additional realm of society that is heavily influenced by the
development of science and technology is that of public policy.
Today and in the future, lawmakers and their constituents are
faced with complex issues created by our technological success. Ge-
netically-modified foods, clean air regulations, global warming, pri-..
vacy concerns surrounding our genetic information, cloning, and
Y2K are all issues which—as a Nation—we must confront. If our
citizens do not have the educational background to understand
these relevant questions or similar ones and their debatable an-
swers, it will be impossible for them to make informed decisions
about how they wish the country to proceed. We must arm all stu-
dents with the knowledge and skills to interpret scientific informa-
tion so that as adults they will be prepared to intelligently partici-
pate in policy decisions that affect their world. -

Before we hear from our witnesses who will elaborate on the rea-
sons why math and science education are so important, I would
like to make one last point. This hearing is not intended to provide
us with answers but, rather, I hope that this hearing will stimulate
questions that we should ask as we seek solutions. This is the first
hearing and we want it to set the tone for the rest of the hearings.
We must ensure that through our education system, we instill chil-
dren with the motivation and desire to obtain the fundamental
skills and knowledge to thrive in a technology-saturated future in
terms of their occupations and in their personal lives as consumers
and voters.

Let me add one other point just to reiterate something I have
said ~arlier because this is something that many do not under-
stand—and I will broaden it beyond math and science. Teaching
students art, music, math and science develops the intellect in a
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way that aids in learning reading and other skills and other subject
matters. It all goes together in one big package and I am afraid far
too many people in the United States realize that important cor-
relation and believe that if we put reading first, all of our problems
will be solved. It is not that simple. We have to look at the entire
picture.

I look forward to receiving the testimony of our distinguished
panel as we begin this very important process.

Chairman EHLERS. And I will now recognize the gentleman from
California, Ranking Member of the full Committee, Mr. Brown.

Mr. BROWN. Thank you very much, Mr. Chairman. I will try and
be as brief as possible.

First, let me commend both Chairman Sensenbrenner and you
and Ms. Johnson for undertaking the task of conducting these
hearings. I believe them to be extremely important.

Secondly, following up on your comments about the relationships
between reading and math, I would point out that the earliest
known schools—which go back about 8,000 years—were the
Sumarian scribo schools in which one learned to write in order to
do arithmetic—in other words, to keep track of land, possessions,
and to count the number of sheep that they owned and keep a
record of them and that sort of thing. They were intermingled from
the beginning and, of course, the earliest institutions of higher edu-
cation, which were probably those originated by Plato and Aris-
totle—their basic curriculum was mathematics and science, gen-
erally astronomy in the case of these ancients.

So, what we are doing is continuing in a process which is almost
entwined with the human culture and we need to recognize the im-
portance of it from that historical standpoint as well as from its im-
portance in the kind of modern, industrial culture that we have.
And having recognized it, we should try to make it exciting and
this is what we have apparently failed to do in connection with
math and science at the earlier years—middle schools and high
schools. So, if you would concentrate on how to make it exciting,
you would be making a great contribution.

Thank you very much.

Chairman EHLERS. Thank you, Mr. Brown. I appreciate your his-
torical insight on—— ‘

Mr. BROWN. I was there. [Laughter.]

Chairman EHLERS. I was just going to say that it was before my
time. [Laughter.] .

But that was interesting. I wasn’t aware of that.

The remaining members of the Committee may submit their
statements for the record and, without objection, they will be en-
tered into the record.

It is a policy of the Science Committee to swear in all its wit-
nesses and I ask the members of the panel to rise and raise their
right hand.

Do you solemnly swear or affirm that the testimony you are
about to give is the truth, the whole truth and nothing but the
truth so help you God?

Dr. RUBIN. I do.

Dr. BYBEE. I do.

Dr. FERRINI-MUNDY. I do.

|0
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Ms. KasLow. I do.

Dr. MaLcoMm. I do.

Mr. HARRISON. I do.

Chairman EHLERS. Let the record show that all witnesses an-
swered in the affirmative and we will now go to the introduction
of the witnesses. I will introduce them all at the same time, se-
quentially, and then we will ask you to speak in that same se-
quence. I would also—for those of you who may be new to the proc-
ess—I recognize several veterans here—but for those who are new
to the process, the standard rules of the Committee are that each
person gets 5 minutes to make an opening statement and then the
members have the opportunity to ask questions, 5 minutes each,
and if necessary we will go to a second round of questions. So, even
if you can’t say everything you want to say during your initial 5
minutes, you may be able to amplify upon it during your question
period.

The first witness to the far left is Dr. Vera Rubin, a Member of
the National Science Board and a very well-known person who has
made major contributions in a lot of different areas. Dr. Rodger
Bybee and Dr. Joan Ferrini-Mundy—may I just call you Joan
Mundy?

Dr. FERRINI-MUNDY. Yes.

Chairman EHLERS. Okay, I am more familiar with you that
way—are Executive Director and Associate Executive Director re-
spectively in the Center for Science, Math, and Engineering Edu-
cation?. We also have Ms. Amy Kaslow—did I pronounce that cor-
- rectly?

Ms. KAsLow. Kaslow.

Chairman EHLERS. Kaslow, okay—Senior Fellow of the Council
on Competitiveness. Then we have someone who has made her
mark in a number of areas, particularly in PCASTSs, and that is Dr.
Shirley Malcom, Director of Education and Human Resources at
the American Association for the Advancement of Science. And, fi-
nally, Mr. John E. Harrison, Co-Founder and Chief Executive Offi-
cer of Ecutel—is that pronounced correctly?

Mr. HARRISON. Yes.

Chairman EHLERS. Ecutel.

Thank you all for coming. We appreciate you taking the time to
be here. We look forward to hearing your witness and, as I men-
tioned earlier, this is an extremely important panel and hearing be-
cause this is going to set the tone for where we go from here. We
are really seeking direction from you as to what areas we should
concentrate on as we consider how we may possibly improve math
and science education in the United States and we thank you for
coming.

We will begin with Dr. Rubin.

1i
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TESTIMONY OF VERA RUBIN, MEMBER, NATIONAL SCIENCE
BOARD; ACCOMPANIED BY RODGER BYBEE, EXECUTIVE DI-
RECTOR, CENTER FOR SCIENCE, MATH, AND ENGINEERING
EDUCATION; JOAN FERRINI-MUNDY, ASSOCIATE EXECUTIVE
DIRECTOR, CENTER FOR SCIENCE, MATH, AND ENGINEER-
ING EDUCATION; AMY KASLOW, SENIOR FELLOW, COUNCIL
ON COMPETITIVENESS; SHIRLEY MALCOM, DIRECTOR, EDU-
CATION AND HUMAN RESOURCES, AMERICAN ASSOCIATION
FOR THE ADVANCEMENT OF SCIENCE; JOHN HARRISON, CO-
FOUNDER, CHIEF EXECUTIVE OFFICER, ECUTEL

TESTIMONY OF VERA RUBIN

Dr. RUBIN. Mr. Chairman, Ranking Member Brown, and mem-
bers of the Committee, I appreciate the opportunity to testify be-
fore you. I am Dr. Vera Rubin, member of the National Science
Board and an astronomer at the Carnegie Institution of Wash-
ington.

My appearance today grows out of a National Science Board re-
port, released 2 weeks ago, entitled “Preparing Our Children: Math
and Science Education in the National Interest.” With your permis-
sion, I would like to submit a copy of this report for the record.

The report is the result of our year-long review to study the dis-
turbing results of the Third International Mathematics and Science
Study, TIMSS. The Board believes that it is both imperative and
possible to develop national strategies to improve K-12 teaching
- and learning of math and science. As part of those strategies, the
science and engineering communities represent a key resource for
local schools, teachers, and students. They conserve the national in-
terest while respecting local responsibility for education.

Today’s high rate of mobility makes local schools a de facto na-
tional resource for learning. One in three students changes schools
more than once between grades one and eight. Such mobility dram-
atizes the need for coordination of content and resources. Yet, we
all know that improving student achievement in 15,000 school dis-
tricts will not be easy. The Nation depends on a strong competitive
workforce and citizens equipped to function in a complex world.
This is not just a health of science issue; rather, it affects every-
one’s chances.

The National Science Board report focuses on issues familiar to
this Committee: what to do about each issue and how Federal re-
sources can support local action. I would like to comment briefly on
three areas: instructional materials, teacher preparation, and col-
lege admissions.

Instructional materials. According to the TIMSS results, U.S.
students are not taught what they need to learn. Textbooks, teach-
ers, and the structure of the school day do not promote in-depth
learning. Most U.S. high school students take no advanced
science—only one-fourth enroll in physics, one-half in chemistry.
Curricula and general science textbooks in U.S. high schools lack
coherence and cover too many subjects. A consensus on content for
each grade level is needed with instructional methods that promote
thinking and problem-solving and the creative use of technology.
We must challenge our students. '
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Teacher preparation. One in four teachers is teaching “out of
field.” Only 28 States require prospective teachers to pass examina-
tions in the subject areas they plan to teach. Only 13 test them on
their teaching skills. Widely shared standards in teacher prepara-
tion, licensing, and professional development would help. Future
teacher preparation is even more critical. The community partners
of schools—higher education, businesses, and industry—share an
obligation to raise the bar.

College admissions. Quality teaching and learning of math and
science illuminates the path to college and the workplace. Data on
1982 high school graduates show that the quality of the high school
courses taken is a better predictor of getting a college degree than
a high school grade point average or test scores. Nevertheless, test
scores tend to dominate admission procedures. High schools and
colleges should increase the congruence between high school grad-
uation requirements and undergraduate performance demands. We
need a more seamless, K-16 system.

Underlying these areas is research. Questions such as which
tests should be used, how children learn, invite research-based an-
swers. The National Science Board sees research as a necessary
condition for improved student achievement in mathematics and
science, and other subjects as well. Such research is best supported
at a national level and in a global context. Collaboration by NSF
and the Department of Education should spearhead the Federal
contributions to education and research.

In conclusion, Mr. Chairman, we must develop a greater con-
sensus on the content of K-16 teaching and learning. Higher edu-
cation must work to strengthen elementary and secondary edu-
cation, not just wait to inherit its deficiencies. If we fail our teach-

- ers, we fail our children. The power of standards and accountability’

is that all students can be held to the same high standard of per-
formance. In 1999, national strategies for excellence in education
are a national imperative.

Thank you very much.

Chairman EHLERS. Thank you for your testimony and I would
just observe that Dr. Kelly, who chairs the National Science Board,
has also made it clear to me that a very high priority of the Na-
tional Science Board at this time is precisely what we are talking
about today—and that is math and science education at all levels.
So, I look forward to working with you and the National Scienc
Board on this problem. :

Dr. RUBIN. Thank you very much.

Chairman EHLERS. Thank you.

Dr. Bybee.

TESTIMONY OF RODGER BYBEE

Dr. BYBEE. Mr. Chairman, members of the Committee, thank you
for this opportunity to discuss one aspect of science education.

The full benefit of a science education requires that students
learn both the concepts and principles of science and the abilities
of scientific inquiry. These are two sides of the science educational
coin and today I wish to discuss one side of that coin—primarily,
the inquiry abilities. I wish to also emphasize that this isn’t an “ei-
ther/or” proposition. Students need to learn the basic concepts of
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science, they need to develop the abilities of inquiry. I am going to
discuss the abilities of inquiry because that is one dimension of
many students’ science education that we are not attending to and
developing as wholly and as adequately as we should.

Although there are numerous lists and titles—such as “Scientific
Methods,” “The Processes of Science,” “Inquiry,” “Problem-Solving,”
and so on—I will describe some general intellectual skills grounded
easily and clearly in the sciences but I have specifically taken the
science category out of these skills.

The justification for these skills, as Mr. Ehlers pointed out at the
beginning, is that they may apply in other areas to help students
learn other disciplines—such as history, language arts, and so on.
They are also an early and clear preparation for the work of a sci-
entist. As I go through the list, I hope you will detect that they are
also important skills for individuals entering the workplace and, fi-
nally, for individuals operating and conducting themselves as citi-
zens.

The list. Identify and questions that guide an investigation—I
would note that this hearing began with the proposition, this is a
question, we are asking questions, we want to see where the ques-
tions would take us, and so on. Designing and conducting an inves-
tigation. Gathering and analyzing data. Developing descriptions,
explanations and predictions using evidence. Thinking critically
and logically to establish a relationship between evidence and an
explanation. Recognizing and analyzing alternative explanations
and predictions. Responding critically and appropriately to various
explanations, primarily weak explanations—for example, an expla-
nation that confuses, correlates, and then causations. Commu-
nicating procedures and explanations. .

The benefits of this list—of students actually developing this list,
I think, on the face of it would be helpful to students in other
courses as they pursue their K~12 career and to individuals who
are going on to higher education, to the workforce, and so on. The
implications that this general list would transfer to other areas. If
the abilities that I described are learned in some depth that in
other areas, such as history, that there is a clear and explicit ex-
pectation that the student will apply those abilities in the respec-
tive domains and that there is a rather coherent and consistent
use—attempt to develop those abilities within one’s educational ca-
reer.

What should we do? What are some possible recommendations?
I will start with what may seem self-evident but, in the case of de- -
veloping the abilities that I described, isn’t always applied. The
self-evident statement: students learn what they are taught. If you
want students to develop the intellectual abilities of scientific in-
quiry as general intellectual skills, then we will have to teach those
abilities, not assume that they are learned in some other context
in some other format. For example, many, many textbooks on
science introduce the scientific method in the early part of the text-
book and proceed for the rest of the textbook to outline the con-
cepts and principles of science without ever really developing the
abilities that I have just described.

Students will have to be involved in those activities through pro-
grams that are commonly referred to as “hands-on” or “minds-on”
4
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or “discovery-oriented” instructional materials. We will have to
take their studies to a deeper and richer level than just assuming,
for example, if the students observed something today that we can
check observation off the list and move on. Notice that there is a
deeper and richer value thinking critically and logically, for exam-
ple, about evidence and so on. '

What do we need? We need curriculum materials that emphasize
the abilities of scientific inquiry that emphasize those abilities—not
as a means to learn other concepts and principles of science, but
as a primary emphasis of at least a part of the student’s science
education experience. We will also benefit from having curriculum
materials that model the abilities of inquiry in other disciplines,
such as history, geography, language arts, and so on.

Primarily, I would say, our greatest resource to achieve a greater
development of these abilities would be the teachers who under-
stand and are able to implement the abilities that I have described.
We will also need assessments that evaluate the attainment of
those abilities that are consistent with the goal. And, very impor-
tantly, we will need public support for teaching science as inquiry
as a valued goal of science education.

Thank you.

Chairman EHLERS. Thank you very much and I just noticed that
the timer clock has been shuffled off to the corner there. If you
want to turn it around so that it is facing you, you can actually see
the time and the lights flash and all that sort of thing.

Thank you for your testimony and we will now turn to Dr.
Mundy. :

TESTIMONY OF JOAN FERRINI-MUNDY

Dr. FERRINI-MUNDY. Thank you, Mr. Chairman and members of
the Committee. I appreciate the opportunity to speak with you
today. I am a mathematics education person at the National Re-
search Council. ' :

And I would like to build upon Dr. Bybee’s points concerning
both the content and processes—in this case, in mathematics edu-
cation—and try to make the case that these content and process as-
pects of mathematics serve students well in academic areas outside
of mathematics. And, in fact, I propose that the processes and ways
of thinking that are foundational to today’s outlooks in mathe-
matics education are really fundamental to all areas of the school
curriculum. '

Let me take up content first. Most efforts at mathematics cur-
riculum and mathematics education today include, for example, at-
tention to data analysis, statistics, and probability. They call for
students to learn to do the following kinds of things—and they are
very similar to the list that we heard from Dr. Bybee in science:
to pose questions; to collect, organize and represent data to answer
those questions; to interpret data; and to develop and evaluate in-
ferences and predictions.

It is in mathematics classrooms where students learn to read ta-
bles and charts, judge whether a survey is reliable, understand
whether a finding of multiple occurrences of an event is different
than what might happen by chance. These tables, charts, surveys
and findings need to be about something. They can be about demo-
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graphics, about public views, or about clusters of cancer occur-
rences, the point being that the data gathering and representa-
tional tools now so central in the social sciences are learned in the
mathematics curriculum.

As aspects of the world around us are described quantitatively
and students learn about the spread of epidemics, the way the
economy works, or factors that determine social trends in their so-
cial studies curriculum, fundamental mathematical knowledge is
being drawn upon. Trends and changes are represented with
graphs that are addressed in the math curriculum.

Particular mathematical topics are also important. In under-
standing social studies topics as diverse as crime rates, population
density, metropolitan growth or availability of resources, students
need to understand rate and ratio and to reason proportionately.
And these are mainstays of the middle grades mathematics cur-
riculum.

So, I have focused on a few content areas that I believe are cen-
tral, not just in mathematics but in all areas of the curriculum. I
would now like to turn to process.

Even more compelling, I think, than the notion that the content
of K-12 math education is central to other school disciplines, I
would like to make a case that the notion of processes of mathe-
matics are actually processes of great use in other domains. Con-
sider the following list which is typical of many national and State
standard framework documents: problem-solving; reasoning and
proof; connections; communications; and representation. Had I not
said proof, that list might as well have applied to many areas of
the curriculum and not particularly mathematics. '

I contend that the ways of thinking that are at the core of these
views of mathematics education are fundamental. It is in science
and math classrooms that students can learn to reason, to commu-
nicate parsimoniously and unambiguously, to assess claims, detect
fallacies, evaluate risks, and analyze evidence. These might cer-
tainly qualify as the skills of sophisticated reasoning and practice
that many view as critical for the workforce.

Consider for a moment the kinds of understanding and thinking
that might be involved in evaluating risks—say, risks of getting
cancer or being delayed in travel because of weather. If one un-
packs the notion of evaluating risks, it might be clear that knowing
the difference between correlation and causation and assumption
and a conclusion, or a representative and a biased sample, or using
evidence versus opinion are all important and these are ways of
thinking, again, that I would emphasize are critical in the mathe-
matics curriculum.

In preparation for this discussion, I looked at a seventh grade
history textbook that was in my house and found a section titled,
“Making Generalizations From Maps.” And I looked closely and the
mathematical work involved in this assignment was quite consider-
able. There was a map including several different colors that were
representing different time periods. The notion of assessing this
visual information and making judgements and inferences is a fun-
damentally mathematical kind of activity.
~ In closing, I would like to make two points about where I think
Federal programs can be of assistance in this important area and
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both have to do with research. I feel that we need basic research
about student learning in mathematics and science and as it might
relate to these issues of transfer that we have been discussing to
other areas of the school curriculum. This research needs to focus
on particular curricular approaches to mathematics and science
teaching and also teaching approaches with a focus on how student
growth in these reasoning and process areas can grow over time.

Secondly, I believe that we need research about teacher learning
and development that can guide programs for teachers. In par-
ticular, how do teachers learn to help students learn, to emphasize
these kinds of processes that I have spoken about here.

Thank you very much.

Chairman EHLERS. Thank you. I appreciate your comments and
let me just add I noticed a large number of students in the audi-
ence and I am certainly happy to see you here and welcome you
to this hearing. We are talking about how to improve math science
education in the United States and what we are deciding here may
not help you right now——

[Laughter.] ,

Chairman EHLERS [continuing]l. But we hope it will certainly
help your children. Thank you for your interest and for attending.

Next, Ms. Amy Kaslow, Senior Fellow, Council on Competitive-
ness.

TESTIMONY OF AMY KASLOW

Ms. KasLow. Thank you.

For the past several years, the Council on Competitiveness has
focused on best practices and workforce preparedness through an
extraordinary lens. Strong participation from the business, labor,
and education communities have helped us to develop our views.-
My remarks draw on a project that I directed under the co-chair-
manship of Richard Notabart, the Chairman of AmeriTech Cor-
poration, George Becker, President of the United Steelworkers of
Anllerica, and Hal Ravishe, President of Stephens Institute of Tech-
nology.

We have studied what happens when the K-12 system fails to
deliver on the basics. We know that workers at all levels suffer and
that every industry is hurt. So, it would be a mistake for the Com-
mittee to regard this solely as a socio-economic problem or one that
is sector-specific or one that is simply about a subset of the U.S.
workforce. It is a nationwide dilemma but not something you are
- going to read about in the headlines.

In fact, never before has the appearance of working America
been so deceiving. Payrolls have hit record highs and the unem-
ployment rate is the lowest it’s been in decades. But the reality be-
hind the numbers is very troubling.

An acute skill shortage in every part of the country threatens the
foundation of American competitiveness. While debate rages on
about the K-12 dilemma, the inadequacies of American schooling
are inescapable in the American workplace, where too few people
have learned how to learn.

By that I mean too many new graduates, would-be workers, and
existing employees cannot read or do simple math—two essentials
for adapting to new tasks and meeting market demands. Remedial




education has become the norm, not the exception, and that is be-
fore any training can occur.

Widening skills and wage gaps among U.S. workers have taken
on more complicated meanings and there is a premium on new en-
trants who have the skills to land positions. There is an equally
high value put on incumbent workers who are savvy enough to up-
grade their skills for ever-changing demands. The flip side, of
course, is the penalty for those who fail to measure up.

In our 2-year search for best practices that help bridge these
gaps, we drew upon experts and practitioners in the training field,
and we hosted many meetings in Washington, where decisions
about workforce training once originated. But recognizing that
problems and solutions are locally based, our research team moved
around and covered a wide swath of the country. :

We listened to people. We met with CEOs and managers from
the modest start-up firm to the multinational, who typically reject
the vast majority of job applicants—upward of 80 percent—because
they fail to meet the most rudimentary standards. We logged many
hours on the factory floor meeting with organized labor and non-
union workers, some of whom shared their fears of further training
and others their successes in retooling their skills. We sought out
the most cutting edge educators, including community colleges, vo-
cational training centers, and corporate community universities
where workforce preparedness is big business. We captured some
of the most dynamic work at municipal offices where professionals
are dedicated to matching skills with employer needs.

Our findings are by no means exhaustive but they are strongly
indicative of the depth and the scope of a pressing, national con-
cern. We fully appreciate the need for strong analysis backed by
sound data but we tried to put a human face on a challenge that
is urgent and too often viewed as an abstraction. The problems and
potential solutions are not limited to any particular place or time,
nor are they restricted to one level of the workforce. The issues are
very real right across the spectrum.

In the Midwest, for example, business has been booming and
skilled labor is nowhere to be found. A major employer in Mil-
waukee, the automation firm Allen-Bradley, is working against
time because, within 10 years, 80 percent of its employees will re-
tire. The greying of the national workforce has produced a massive
requirement to replace a generation of skilled wage-earners that
will reach retirement by 2005. To avoid their own contraction, com-
panies like Allen-Bradley have been scouring both local and distant
schools to find qualified new entrants. This fixation on meeting
current labor needs has become management’s most absorbing re-
sponsibility.

In part of the Sun Belt, populations are growing at staggering
rates. US West Communications has been unable to meet service
demands in Arizona, Colorado, and Nevada, where many newly-
built homes have no access to telephones. With an infrastructure
originally designed to meet the needs of a small, rural population,
US West cannot keep pace with today’s construction rate. Compa-
nies like US West, ever-more technologically-advanced, are hard-
pressed to train, hire, and retain a whole range of workers in one
of the Nation’s most competitive industries.
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Nowhere is the bidding war for skilled technicians hotter than in
California’s Silicon Valley where some 80 percent of the jobs re-
quire specialized learning and basic technical knowledge. Skills are
particularly prized because of the constant churning among exist-
ing workers who jump to new job opportunities. Local community
colleges are among the best equipped schools to tailor training pro-
grams needed to transition workers from one job to the next.
Whether the courses are offered on-site, at corporate headquarters
and plants, offered at the school campus, or available on-line, the
learning process is geared toward immediate and practical applica-
tion in the workplace. The most progressive and the most success-
ful firms use this “just-in-time” learning.

The scramble for workers is just as intense in the entertainment
industry where the skills requirements are less rigorous than the
tech industry but just as tough to come by. Service sectors in areas
like Orlando, Florida must satisfy massive and immediate hiring
needs. Rapid turnover only exacerbates problems for Walt Disney
World Company and Universal Studios, the area’s two major em-
ployers drawing from the same shrinking pool of workers. Like
other areas across the country, Orlando’s supplier firms and other
small businesses that service or have grown as a result of the big
companies’ expansion are losing the fight for the very same work-
ers.

Complicating these developments are a set of trends that will
only intensify in every sector of the economy. Information tech-
nology is a defining feature of the American workplace, adding
computer literacy to the list of basic skill requirements and gener-
ating even more demand for workers. Global competition is not just
a challenge from overseas. It is right in our backyard. Well-trained
foreign workers abroad lure increasing numbers of American com-
panies to set up shop outside U.S. borders, but foreign workers who
are “imported” to the United States underscore just how essential
skills are to worker marketability, and they reveal how the ill-
equipped American worker is at risk of being cast aside for the
international with “know-how.” And, over the next five years, wel-
fare reform will move many millions of mostly unskilled Americans
from public assistance to entry-level jobs. Without adequate prepa-
ration, they will only add to the ranks of the unemployable. '

In sum, you asked us for a brief outline of problem. The Council’s
report, “Winning the Skills Race,” which I would like to submit for
the record, draws on a much richer set of examples than I was able
to mention here. But more to the point, we have documented inno-
vative collaborative efforts between employers, workers, educators
and government, that have boosted the skills, and ultimately, the
income of American workers. When you are ready to consider solu-
tions, we strongly recommend that you take a look at these collabo-
rations. They very clearly lead by example. Thank you.

Chairman EHLERS. Thank you for your testimony. Without objec-
tion, the Council on Competitiveness report, which you referred to,
will be entered into the record.

Ms. KasLow. Thank you.

Chairman EHLERS. Dr. Malcom; welcome.
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TESTIMONY OF SHIRLEY MALCOM

Dr. MaLcoM. Thank you very much. Science, math and tech-
nology is not just for scientists, mathemavicians and engineers. As
our business, service, regulatory, transportation and other systems
have become more technically based and scientifically connected,
the need for advanced scientific quantitative and technical skills
has diffused out into many other areas of the work force. When
these systems don’t work well, they affect all of us. Science and
technology-based industries are supported by technicians, but they
are also supported by sales, legal, and marketing forces, all of
whom must understand the products being developed. Our lawyers,
judges, pilots, air traffic controllers, legislators, and business peo-
ple increasingly need the knowledge, concepts, and ideas of science,
math, engineering, and technology as well. So do the service men
and women who must defend our country as they use and maintain
tanks, planes, ships, trucks, and weapons, or detect the presence
of biological and chemical toxins. Those who monitor the safety of
our water supply and our food, who track infectious diseases, who
keep us healthy, who fill our prescriptions, who maintain our envi-
ronment, who care for us in hospitals and nursing homes all need
a much higher level of knowledge, skills, and ideas in these areas.

There are few jobs and professions that have been left untouched
by the scientific and technological revolution in which we find our-
selves. Yet we send too many into this revolution unarmed, lacking
the skills, knowledge, and understanding they need to do the Na-
tion’s work to earn a living now and for the long-term. -

But it isn’t just about making a living that we want to focus on,
it is about just plain living. About understanding the treatment op-
tions for ourselves, for our parents, and for our children. About re-
alizing if the temperature is below 32 degrees Fahrenheit, the
moisture on the road is likely to be ice, and we probably shouldn’t
speed. About recognizing what household cleaning products should
not be mixed. About understanding that greater stopping distances
are needed at greater speeds. That fully-loaded trucks don’t handle
like those with empty trailers. It is about being able to interpret
the drug information profile that accompanies the prescription. It
is about safe food handling. We can do all we want to protect food
safety from the field to the grocer, but not from the grocer to the
table. That can only be the consumer’s responsibility and the con-
sumer’s actions.

The mathematics that is involved in the dilution of an herbicide
or fungicide or pesticide that we use around our home, where un-
safe handling can be disastrous, or even just the knowledge that
is needed in terms of purchasing wallpaper. The headlines in to-
day’s newspaper scream out about the horrible tragedy of the train
crash in Illinois. It is not yet clear where the cause lies, whether
there was an error in judgement of a driver of a fully-loaded vehi-
cle trying to outrun a train moving at 80 miles per hour, or the
failure of a signal or gate mechanism. At some point, the delibera-
tions are going to become technical. The review of the black boxes
to reconstruct the conditions of the train, the review of the centers
that are associated with the gate and the lights.

We regularly allude to the idea of science, math, engineering,
and technology for citizenship, but I think we have to make this
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notion concrete to really understand what the stakes are. How does
the public respond to issues of nuclear power versus cold generated
power, or genetically modified plants or animals? How do we have
discussions about personal or family health choices without funda-
mental understanding of human biology? How do we manage safely
the use of antibiotics to promote health and growth with livestock
and poultry, and at the same time, prevent the development of an-
tibiotic-resistant strains of bacteria from threatening human
health? How do we handle threats, real or imagined, to our chil-
dren from an Internet that they can navigate and we can’t? How
can we exercise our responsibilities as voters or members of a jury?
What happens when DNA evidence is presented and our jurors
have no clue about how to interpret competing arguments of sci-
entific experts?

These concerns strike at the heart of our family responsibilities
and our democracy. I fear that we are rapidly being led to a legal
system that actually depends on people being uninterested,
uneducated, or confused about science-based evidence a frightening
threat to our system of laws. While we rebuild our education sys-
tems into ones that regularly provide scientific and technological
literacy to young people as future voters, we are left with the chal-
lenge of providing this for the rest of us.

The overwhelming majority of the U.S. population are beyond the
direct instructional reach of our schools and colleges, and yet they
need the same information. We are going to have to depend on our
informal sector to do a much better job than it is currently doing.
We are going to have to rely on the media working with scientists,
engineers, and technologists and mathematicians to really bring
the knowledge of these areas to life for most people. What is at
stake? Not only our livelihoods, but our lives.

Chairman EHLERS. Thank you very much. I appreciate that. And
to wrap it up, Mr. Harrison.

TESTIMONY OF JOHN E. HARRISON

Mr. HARRISON. Thank you, Mr. Chairman, and members of the
Committee. As you said, I am John Harrison, co-founder of Ecutel.
I would like to thank you for this opportunity to testify.

This issue of math and science education in the United States is
one that directly impacts me every day as CEO of Ecutel. We are
a small technology firm that is constantly recruiting scientists to
make our products and to create new ones. We are also dependent
upon a technically savvy workforce to buy our products. As we all
know, innovation and useful technologies are the fuel of our cur-
rent and previous economic growth. If this boom is going to con-
tinue, and companies like Ecutel are going to succeed, then math
and science education needs to be mandatory in all grades from K
through 12.

U.S. colleges are some of the most technologically innovative in
the world. In fact, many foreign nationals attend U.S. graduate
programs to further their education. However, few U.S. students
have the fundamental knowledge from elementary and high school
levels to take advantage of these institutions. Ironically, these lev-
els pave the way for a knowledgeable workforce and stimulate the
minds of future scientists to make innovative products.
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I believe if I tell you a little bit about Ecutel, you will see how
and why all U.S. information technology firms equally suffer from
a lack of computer science and electrical engineers that are of U.S.
citizenship. Dzung Tran and I formed Ecutel three years ago. We
had a great idea to create a software product that would support
the many requirements of the increasingly mobile and data hungry
workforce. That product is the Viatores Mobile VPN. It is based on
components of the Next Generation Internet. Ecutel took these con-
cepts and made them work in today’s information systems. This is
no small task. We had to spend many hours of design before we
felt comfortable leaving our previous jobs to form Ecutel.

But designing is not enough. We needed sophisticated engineers
that could make it a software rather than a hardware product.
That is so people wouldn’t have to carry around a lot of extra
equipment as they roam the Internet. Internet roaming is similar
in concept to cell phone roaming. Furthermore, we needed engi-
neers that could incorporate encryption and decryption methods so
the data is not compromised as it flows through the Internet. We
received 630 resumes in those first few months. Of those that we
deemed qualified, none were U.S. citizens.

This had a much greater impact on us than we ever thought it
would. First, in 1998, we spent over $80,000 on immigration legal
fees. That is a lot of money for a small firm. Two, we could not bid
on contracts that required security clearances because we didn’t
have any American engineers that could qualify for a clearance.
Three, we couldn’t work in some areas of encryption/decryption,
which is pretty necessary for secure communications. Four, if for-
eign travel were required, our engineers could only leave the
United States once unless they had a multi-entry visa which is
costly and time consuming. ' -

Now if 20 years ago we had force-fed math and science education
into the minds of U.S. kids, Ecutel could have used that $80,000
to hire another engineer and to make more innovative products,
and to more aggressively market Viatores. Increased marketing
would have given us more revenue, subsequently providing us more
funds, which then could be used to make more innovative products
once again, which ironically requires more engineers. We would
also have a much more technically savvy workforce that could
adapt more quickly to these innovations. This is a never-ending
cycle in the world of information technology.

In 1998, the U.S. had to increase its number of H-1 visas from
65,000 to I believe 105,000. The reason to me is clear: U.S. innova-
tion was out-pacing its ability to innovate from within. In the case
of Ecutel, we were able to circumvent this problem, the problem of
a lack of American engineers, by working with other companies to
minimize the amount of development that was required. This is by
no means a sound solution. We do not want to minimize develop-
ment because that reduces the potential for innovation. It doesn’t
matter if you are the size of Microsoft or Ecutel with 15 employees.
They both suffer from the same problem. It is companies like
Ecutel that fuel this economy through their innovations. Large
companies know this. That is why they are constantly buying
smaller firms, so that they can stay ahead of the innovation curve.
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I don’t want to mislead you. I wouldn’t trade any of Ecutel’s engi-
neers. In fact, I deeply respect their tenacity and their intelligence.
I believe they offer more than technical know-how. They offer a
view, a cultural view on areas of the world in which Ecutel will
eventually expand if it is going to succeed in this global economy.
But if we can’t figure out a way to make it easier for small tech-
nology firms to maintain a qualified engineering staff at a low cost,
then innovation suffers, and so does our economy.

As co-founders and partners in a small firm in a high tech indus-
try, Mr. Chairman and members of the Committee, Dzung Tran
and I have concluded that two things need to occur in the very
near future. One, math and science education needs to be in a
child’s everyday activity so it stimulates their intellect and becomes
second nature to them. Even if they don’t want to become sci-
entists, we still need them as a technically savvy workforce so that
they can make use of these innovations. Two, until our kids are
ramped up on technology, let’'s make immigration laws easier so
the necessary technical skills remain in the hands of U.S. compa-
nies so that we stay on top of the world’s innovation curve.

This concludes my testimony. Again, I would like to thank you
for this opportunity. I would also like to say “hi” to St. George’s
grade school, St. Mary’s grade school, and PDS, who are all watch-
ing this in Memphis, Tennessee over the Internet. I would also like
to invite everybody over to Ecutel to see what I am talking about.

Chairman EHLERS. Thank you very much. We thank the stu-
dents for their interest in watching. We are very, very pleased on
the Science Committee that we are now able to use the most ad-
vanced hearing room in the Congress, and that we are able to
webcast all of the hearings that we hold. So we hope they will con-
tinue to watch.

The point you make, incidently, about the difficulty of getting
American engineers is not only in industry. If you look at the grad-
uate schools of this country, over half of the graduate students in
science and engineering are from other nations as well. So we are
simply either not producing the individuals who are capable of en-
tering grad schools, or filling the workforce, or they are choosing
on their own volition not to enter that. If they aren’t, if they are
making that choice, I would like to know why and what appeals to
them more about other fields.

Just a few details. All the written testimony that has been sub-
mitted—I noticed many of you summarized it with oral testimony.
One of the witnesses still has a microphone on. That is why we are
getting feedback, so if you could each check yours and turn it off.
Thank you. Much better. All the written testimony that you sub-
mitted will be entered into the record, without objection. So even
if you had to summarize it in your oral testimony, everything you
wrote down will go in the record.

Another comment. We are in session on the Floor. We anticipate
votes at any time. If you hear the buzzer go off, I will apologize,
but we have no choice but to go and vote, and we will have to delay
proceedings.

We will now begin the questioning. As I mentioned earlier, it will
be five minutes for each member for questions and answers. If
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there is a request for more questions, then we will have a second
round, time permitting.

First of all, and I will comment as well as question, but Dr.
Rubin, I noticed your emphasis on the number of students switch-
ing schools. I had observed that of course in my own_experience.
Although I taught in higher education, I was interested in elemen-
tary school science, so I got involved with elementary schools and
found it appalling. A number of schools I went to, they had sub-
stantial numbers of students who switched schools four times dur-
ing one year. It seems to me that we have to address that problem,
as you pointed out. Can you give me some idea of what your pre-
liminary thinking is on how we address that?

Dr. RUBIN. I think that the Board feels that it is really manda-
tory that we have some national standards so that when students
transfer from one school to the next, they won’t be one year behind
or one year ahead. At the present time with so many individual
school districts, in general the children that transfer from one
school to the next really do get lost. That is a severe interruption
in their education. With the extent of the United States, with the
extent of mobility, it is only through some kind of national under-
standing, some consensus, and the Board in its report calls upon
all of the stakeholders, parents, school boards, school personnel,
universities that train teachers, in a community to see how their
educational processes can fit into some national consensus.

I think this is an area that the Board is very interested in. The
report came out of the discussions around the Board about a year
ago, where we felt that the TIMSS report was one of the most im-
portant things we could consider.

Chairman EHLERS. Thank you. Isn’t it true it’s not just a matter
of setting standards, however you define that term or reaching a
national consensus on what should be taught, but also when it
should be taught? In other words, a sequence.

Dr. RUBIN. Yes. Yes.

Chairman EHLERS. Is equally important.

Dr. RUBIN. By some consensus, we mean in each grade, at each
grade level there should be some understanding of what a student
in that grade level will know in math and science.

Chairman EHLERS. And Dr. Bybee and Dr. Mundy, we had
talked earlier about the need, and you talked about it also, how
studying math and science reinforces studying of reading, history,
many different subjects. But you made an emphasis of how math
and science can reinforce each other. I forgev which of you made
that point. I am interested in how you would see that applied. Do
you think it would happen just by virtue of teaching a good course
in math and a good course in science? Or do you think there should
be some attempt to correlate the teaching of mathematics or the
teaching of science that would be a direct application of the mathe-
matics that is being taught? Do you have any thoughts on that?

Dr. BYBEE. We haven’t coordinated our responses. It will be in-
teresting to hear. I would suggest that if you take a grade level,
for example, or a unit, that one could organize a sequence of in-
struction that investigated a scientific topic of some sort, and at the
same time, when mathematical ideas, graphing that Joan men-
tioned, for example, would come up, that the same topic would be
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addressed in the math classroom. So there is a kind of parallel
structure and organization of content. Still honoring the mathe-
matics content, and still honoring the science content of the les-
sons.

Chairman EHLERS. Yes. Joan?

Dr. FERRINI-MUNDY. I would just add that I think in the elemen-
tary grades, in many cases where the same teacher is teaching
mathematics and science, that kind of coordination is more natural
and should be facilitated in the way Rodger describes. I think in
the secondary grades, we have a larger challenge in trying to co-
ordinate mathematics and science education. That needs work.

Chairman EHLERS. Thank you. By the way, it is very important
to correlate math with reality in some way. I can give a little exam-
ple. As many of you know, I am the first physicist ever elected to
the Congress. After only five years, we have a second physicist
elected. Being a physicist, I did an immediate calculation. That is,
we doubled in five years. [Laughter.]

Using a doubling time of five years, I calculated that by the year
2035, all of the Members of Congress will be physicists. Now you
may note that there are a few assumptions in that theory. [Laugh-
ter.]

Even though it would be a better world, it is not likely to hap-
pen.

My time has expired. So I recognize Congresswoman Johnson.

Ms. EDDIE BERNICE JOHNSON of Texas. Thank you, Mr. Chair-
man. I was the first registered nurse to be elected to Congress. In
five years, we doubled. [Laughter.] o

Let me thank the panel. My frustration level goes high when I
listen to this testimony, but the frustration is not getting anywhere
because I don’t know where to go. Last session, I did introduce
some legislation that was called the Math and Science Proficiency
Partnership Act, which will target urban areas. I am restructuring
it this year to also include rural areas, where the students in their
schools often lack the resources that more affluent areas have. So
the grants through the National Science Foundation, which is an
extension of the systemic program, urban systemic program, will be
awarded to school-business partnerships to train math and science
teachers, and to train math and science students.

As an active partner with the schools, businesses will be encour-
aged to set up on-site internships and mentoring for students to es-
tablish college scholarship programs, as well as to donate computer
software and hardware. I am looking for cosponsors, but that is an
effort that I think will help.

In my area, I am very familiar with the H-1B, because we really
had to move that forth because our businesses were very, very con-
cerned about not having the talent available, especially to go into
year 2000. We continue to have that problem. One of our small
businesses came here visiting when we were debating the H-1B
legislation, and said “I have a workforce of 85, but I have 80 vacan-
cies.” That is impressive.

We are finding more and more that in areas around the country
the unemployment rate is way down, but it is still high for inner-
city, minority youth. These are the areas of the jobs. I am in a
struggle, as most everyone is, trying to determine what we can do.
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There is some attitude against national testing or benchmark test-
ing. I don’t know how we determine the level of quality without it,
but I would like—I was very interested in Ms. Kaslow’s testimony
because she is directly from the industry, so is Mr. Harrison, who
know first hand where the vacancies are, and Dr. Malcom, who
made it so plain for everyday living.

You must have some ideas as to how we can move about at-
tempting to address this. So if you will just comment a little bit
further, I would appreciate it. Then I do have one question about
the testimony of Mr. Bybee and Ms. Mundy on the classrooms, and
suggestions as to how to apply what we know about learning
science and mathematics.

So if all of you could comment on that, I would be greatly helped,
a little bit more specifically than testimony.

Chairman EHLERS. Thank you. Would you respond in turn, and
please try and keep your answers brief. .

Dr. RUBIN. Let me say that one of the Board’s positions has been
that partnerships, and coming from the Science Board, our view is
that scientists and universities and such organizations should part-
ger with undergraduate colleges in training teachers with school

oards.

Let me take off my Board hat and put on my Carnegie hat. The
Carnegie Institution in Washington about 10 years ago introduced
from its downtown headquarters at 16th and P, an inner-city Sat-
urday science school. In 10 years—starting with children from sec-
ond to fifth grade. This is a hands-on, experimental, great fun pro-
gram. Many of these children are now in high school, taking phys- .
ics. The initial environment was only for children who could actu-
ally walk, who lived within that area. But the program got so inter-
esting and schools relatively nearby were really begging to get in,
about five years ago, it spread to a teacher training program in the
summer, funded by NSF. One hundred elementary school teachers
are trained in using mathematics in their daily—mathematics and
science. When the students draw with chalk, they discuss what the
chalk is made of, what the paper is made of.

This year, this summer there will be a math institute for teach-
ers for the first time. The second to fifth garde teachers really in-
sisted that they don’t know enough of the mathematics. It came
from their insistence. It has taken several years to set it up, but
that is starting. While you don’t reach many people that way, you
do, by involving the teachers, ultimately perhaps reach a large
fraction of the school, elementary school population in Washington.

Chairman EHLERS. Thank you.

Dr. Bybee?

Dr. BYBEE. Very briefly, addressing the issue of classrooms and
the application of what we have discussed there, I think it would
be important to underscore the development—two things. The de-
velopment of instructional materials-that clearly embed what we
know about learning, the processes of learning, what it means for
young children to learn the content of science. Secondly, what it
means for them to develop the abilities of science.

.The second point would be to combine those instructional mate-
rials as they are implemented in school districts and schools, in-
cluding urban systems, with- strong professional development pro-
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grams. So the teachers not only know about the instructional mate-
rials, but they have developed an understanding of the content
themselves, and experiences with the instructional materials, and
with the abilities of science. They should have some of those very
fundamental and rudimentary abilities themselves.

Chairman EHLERS. Dr. Mundy, do you wish to add something?

Dr. FERRINI-MUNDY. Just briefly to combine the two points that
we have just heard from Drs. Rubin and Bybee. That is, that teach-
er education and teacher learning seem critical to this ability to
apply what we know in classrooms really, and that on-the-job
learning for teachers needs more exploration. How can teachers be
learning as they are teaching, as they are working with children,
as they are trying to use curriculum materials in the classroom,
both to learn more about the content of math and science, to learn
more about the processes, and to learn about students learning
from the context of teaching.

Chairman EHLERS. Thank you.

Ms. Kaslow? ,

Ms. KasLow. K-12 is going to take a long time to fix. That is ob-
vious to everyone here. But in the interim, there are a lot of things
that can happen and actually are happening.

It is no longer a luxury for the business community to react. It
is a necessity. So we have seen a lot of industry mentoring. We
need to see a lot more of getting employers in the schools, literally
explaining what kinds of skills they need, because there is a very
practical nature to science and math application. It needs to be im-
mediately applied.

Students need to see that this is something they can directly
transfer from the books in the classroom into the workplace, and
get a sense of the there-there when they graduate, and incentives,
obviously, to go on for further education, whether it is vocational
training, which has had a bad rap over the years, but has greatly
changed in scope, or whether it’s the Ph.D.

We need to get teachers in the workplace to understand what
they are teaching, why they are teaching, and how they are teach-
ing can be transferred. Of course we need to get students into in-
ternship positions.

The Council has been a strong proponent of coalition building.
That is, industries, workers, worker representatives in many in-
stances, educators, and of course government folks, municipal,
largely local, municipal folks, who are designing programs that get
all these parties together. Find out what is needed and apply it.

We have seen it work. We have a lot of examples of how it can
be done.

Chairman EHLERS. Dr. Malcom?

Dr. MALCOM. Let me say that maybe the best thing is to keep
your eye on what we will be doing over the next several years. I
say that because in my bio, it basically says that I am Co-principal
Investigator, along with Dr. Maxine Singer, who is President of
Carnegie Institution of Washington, in an effort that we have
called D.C. Acts, which is a systemic reform planning effort for the
District of Columbia public schools. We plan to basically submit a
full-blown proposal—the third Co-PI is Superintendent Arlene
Ackerman—where we will essentially take all of that knowledge
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that we know about what has worked and what needs to be done
with regard to professional education of teachers, with regard to
the professional development activities, and what qualifies as good
professional development activities, to serve as an umbrella entity
for other agencies and Departments of the Federal Government, as
well as for industry and higher education, to come together in a co-
herent way to address some of these issues.

We have gone a long way in our planning. We have some indus-
trial partners who are already on-board, including Intel, who will
be doing some training here around technology. We are putting
some pieces into place so that we come out with something that is
coordinated and coherent, and reflects the best research that we
possibly can do. I think that this is a matter of joining in partner-
ship among all of these people who have resources, who have
knowledge, who have contacts and networks that can basically be
brought to bear on very resistant problems.

The issue of professional education and professional development

~ over the long-term is something that is going to take a long time

to deal with, but we are developing plans that include scaling to
every institution, every elementary, middle, junior high, and high
school within the District.

We don’t know what works. We have a large sense of what, of
what pieces work, but not necessarily what is going to basically
work to pull all the pieces together. So there is an element of re-
search that is also, that is embedded within this, and very tough
evaluations so that we can figure out what is effective and what
is not. :

So I would hope that we would have your support as well as your
eyes and ears, watching to see how we develop over time, and if
we can do together something that I just don’t know that any one
of us can do if we aren’t working together.

Chairman EHLERS. Very well put. Thank you.

Mr. Harrison? : '

Mr. HARRISON. Well everybody else up here seems to be a Ph.D.
in this subject area. So I am going to feel comfortable leaving my
response to the realm of my own experience. It seems that the re-
sumes I received from U.S. citizens that are attempting to be com-
puter scientists or electrical engineers, they are just not deep
enough. It is a thin veneer of understanding and a thin veneer of
education. When we interview them, it is not very impressive. Ours
ii a very sophisticated, deep, low-down development. It stumps
them.

My only recommendation would be at a very high level was to
no longer make math and science an option. In elementary school,
it should be in every grade. In high school, it should be advanced
for everybody. Math and science for every grade. Don’t give them
the option.

Chairman EHLERS. Okay. That’s interesting, because that is one
of the recommendations we hHad in the report that we produced last
year. Too often schools regard it as optional.

The gentlewoman’s time has expired. Next we have the gen-
tleman from Texas, Mr. Smith.

Mr. SMITH. Thank you, Mr. Chairman.
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Ms. Kaslow, could I direct a couple of questions to you. On the
way there, let me compliment you and the Council on Competitive-
ness for the great work that you have done that I am somewhat
familiar with over the last couple of years. So thank you for that.
It is much appreciated.

You mention in your testimony that we have an acute skills
shortage. The companies that I have talked to, particularly the
high-tech companies, tell me that they spend not thousands, but
millions of dollars every year training individuals just to have basic
skills. I think you said—defined basic skills as reading and knowl-
edge of simple math, something along those lines. So this is a prob-
lem that is across the United States, and from which many compa-
nies suffer.

Also I read an article recently in Investors Business Daily saying
that 90 percent of all future jobs in America are going to require
more than a high school education. Is that something you have run
across as being generally accurate as well?

Ms. KasLow. Yes. That trend is only going to get more intense
because of the computer illiteracy that we see. Also that 90 percent
figure, I mean all these—you can throw around a figure easily and
have nobody dispute it. But 90 percent of the applications generally
are discarded by mid-sized to large corporations.

~Mr. SMiTH. So let’s say that you agree that it is going to be 90
percent or more are going to require more than a high school edu-
cation, particularly computer skills and so forth. One concern I
have that I want to ask you about goes to what I consider to be
an out-dated immigration policy that is having unintended con-
sequences. '

We have a policy today that you are probably familiar with, that
allows about a half a million people to come to the United States
who basically lack any skills and have less than a high school edu-
cation or equivalent. Don’t you think it would help our skills short-
age and it would help our American competitiveness if we had
more domestic workers and more foreign workers that had at least
a high school education?

Ms. KaSLow. So you would select folks based on their—you
ngtlllk‘l? select folks based on their educational background or their
skills?

Mr. SMiTH. That would certainly be one way. I guess I am talk-
ing about wouldn’t it improve our competitiveness, wouldn’t it im-
‘prove our workforce?

Ms. KasLow. It probably would improve our competitiveness if
we started right here with the skills standards here rather than
starting to screen those coming in.

Mr. SMiTH. I understand that, but my point again, to emphasize
it, is that two-thirds of the future population growth of the United
States is going to be due to immigration.

Ms. KasLow. True. And it is going to be intense pressure.

Mr. SMmiTH. Right. So wouldn’t it be helpful to have more individ-
uals coming to this country that had some basic skills and had that
high school education or equivalent?

Ms. KasLow. It would be, but that is a politically, horribly politi-
cally loaded question.

Mr. SMITH. No, I know it’s a political decision.
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Ms. KasLow. I am not going to jump into that. But I will tell you
one thing. In New Mexico, which is a majority minority
population '

Mr. SmITH. Right. .

Ms. KaSLOW. And we have just heard Dr. Malcom talk about the
successes of Intel. Intel in New Mexico got involved quickly. It was
looking for some place to position itself and open a plant. It found
that there was great tax advantages to being in New Mexico, but
one of the highest illiteracy rates in the country. You know, it
didn’t provide a ready pool of workers. What Intel did was transfer
hardware, software, trained the teachers, et cetera.

Mr. SMITH. Let me interrupt you. I know of other companies who
have done the same kind of thing.

But I want to go back to my question. Disregard the political.
Just tell me what you think would be good for the American work-
force, good for competitiveness, and good for providing basic skills.
Don’t you think the more people with a higher education level
would be better?

Ms. KasLow. In a perfect world, but I don’t believe in putting up
barriers just because we have a problem that we are not dealing
with at home.

Mr. SmiTH. No, no. Don’t misunderstand me. I am not talking
about barriers. I am not talking about a perfect world either. I am
‘talking about the American workforce and competitiveness. If you
think it is better to have a more educated workforce, you ought to
say so and not worry—let us worry about the politics. You worry
about the merits. :

Ms. KasLow. That’s too dangerous.

Mr. SMITH. So even on the merits, you are not willing to say we
should have a more educated workforce? '

Ms. KasLow. I think there are so many complications to that set
of questions, that I would not be prepared to support that. I don’t
think the Council would take a position on it.

Mr. SmiTH. Okay. I am not asking the Council to take a position.

Let me ask my question one more time, Mr. Chairman.

Ms. KasLow. I understand. I understand the question very well.

Mr. SmiTH. Forget about the politics. Do you think that the
United States would benefit from having a more educated work
force? Just yes or no.

Ms. KasLow. Of course.

Mr. SmiTH. Okay.

Ms. KAsLow. Yes.

Mr. SMITH. Thank you.

Let me—do I have time for one more question, Mr. Chairman?
I am on my orange light.

Chairman EHLERS. You have 15 seconds.

Mr. SMiTH. Fifteen seconds. In that case, I'll pass, and wait for
the next round. Thank you, Mr. Chairman.

Chairman EHLERS. The gentleman’s time has expired. Next we
recognize a gentleman who is always attending these hearings on
education, and has a good background in it, Mr. Etheridge.

Mr. ETHERIDGE. Thank you, Mr. Chairman. Let me thank you for
convening this hearing, and for the panelists for being here today.
This is a very, very important subject. I want to thank you for set-

20




26

ting it up. As the chairman indicated, this is one of the areas that
I have a significant interest in, hav1ng been superintendent of
schools for the State of North Carohna before I came here, and
having to work extensively with the Carnegie Foundation and a
number of others.

But I read an article recently that I want to submit for the
record, Mr. Chairman, if I may. Let me quickly explain.

Chairman EHLERS. Without objection, so ordered.

Mr. ETHERIDGE. Then I will ask a couple of questions outside
that. It was really in the—it dealt with this whole issue that was
raised a few moments ago by Mr. Harrison of the availability for
people in the high-tech industry, but more importantly I think a
concern for us in public schools in America, the lack of those people
available for people of color, our African-American, Hispanic. There
was an article in the San Francisco Chronicle in Silicon Valley, and
I am not picking on Silicon Valley. It just happened to be the arti-
cle. It could be in a lot of other places. Only four percent of the peo-
ple employed in that industry were people of color.

My concern is as we look at America and the changing demo-
graphics in this country, as we look down the road, we have some
significant changes to make. That gets me to the questions I want
to ask.

Dr. Rubin, you talked about standards in math and science,
which I happen to agree with. North Carolina put them in. It is
very easy to deal with math because we use the TIMSS. North
Carolina moved in that regard back in the late 1980s and early
1990s. We are seeing significant success at fourth and eighth grade
in math and science testing.

You also talked, one of you did, I believe, about curnculum I
happen to believe that is one area that is really lacking as we look
across the areas. North Carolina happens to be one of those states
that has a state school system and not a system of schools, where
we have a state curriculum framework that we put a lot of stuff
in, that helps those teachers who may be out of field that can work
in math and science, and many other areas.

My concern deals with, and I want you to talk about this, when
we talk about science and math early, we moved and required alge-
bra, one of the first states to do that, of all students. Because I
happen to believe one of the challenges we face in this country,
that algebra is the gatekeeper for getting into the whole area of
math and science. It has been used historically as a filter rather
than a pump primer. The only way you get it in is you require it.
We required it of all students except those who have special dis-
abilities. Amazingly, what happened? They started teaching it.

Now we did a lot to provide staff development for our teachers
because this is a critical piece for all teachers. We continue to do
it. So I would like to have your comments on that as it relates to
how do we make this change in the system across this country
where we have state and local schools, without being at the federal
level being a hammer, but being an encouragement. Because I
think math and science, as we look to the 21st century, that cen-
tury is going to belong to the educated. If we don’t do a better job,
we are going to have a real problem.
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I would like to hear your comments. The middle school study
that Carnegie used, we use that to group, because I think you do
have team teaching. I would like to hear your comments on how
we get to this group of youngsters we aren’t now reaching.

Chairman EHLERS. Is that question addressed to a specific per-
son? '

Mr. ETHERIDGE. Well, I would like to hear from all of them if
they have enough time, to just briefly touch on it, be brief with
your question. But more specifically, I would like to hear from Mr.
Harrison, because he made one comment, and Dr. Rubin. Maybe
start with her if we could.

Chairman EHLERS. If those two will answer the question, we are
ruri)ning over time. We will first go to Mr. Harrison, and then Dr.
Rubin. -

Mr. HARRISON. It’s good you chose me, because my response will
be real short. I don’t know how to address it in the United States.
But to also look at your other issue that you brought up prior, if
you go to Ecutel, you will see it looks like the UN. I mean we have
everybody there. In discussions with them, and as I mentioned ear-
lier, it is not an option. It was my high school experience that if
you did not pass algebra, you were filtered out rather than pro-
moted to calculus and all the more advanced mathematics. I agree.
That should not be the case. In fact, I think we ought to pile it on,
make more, so that at least something will funnel through. That
is my simple response.

Chairman EHLERS. Dr. Rubin?

Dr. RUuBIN. Well, I can be very brief and say that the board has
stated in its report that the standards should be for all, and the
expectation should be that all students will live up to these expec-
tations. I am not surprised to hear you say it worked, because I
think once these higher standards are in place, it will work.

Chairman EHLERS. The gentleman’s time has expired.

Next we will recognize the gentleman from Oregon, Mr. Wu.

Mr. Wu. Thank you, Mr. Chairman. Thank you for organizing
this hearing on two areas which are two of my favorite, most pas-
sionate areas, education and science. I would also like to congratu-
late you on your doubling time, and also Ms. Johnson on her dou-
bling time in nursing in the United States Congress. I might add
that I am a software attorney. Well, recently retired software attor-
ney. I understand that 39 percent of representatives in this Con-
gress are attorneys. If that percentage were cut down a little bit,
it probably would not hurt the country. [Laughter.]

Because I very much understand the need for more people well
trained in technology, science, and mathematics. My Congressional
district is sometimes referred to as the “Silicon Forest of the North-
west.” We have had dire shortages of trained individuals. We have
a shortage of people coming out of our own educational pipeline,
and we have a shortage of people coming out of the H-1B pipeline
also. So I want to recognize the problems that you all are address-
ing.

I also want to highlight that there are some successes going on
in our country. In our community, we have something called Satur-
day Academy, which is a science booster, science and math booster
program. It runs on Saturdays, therefore the name. But it is par-
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tially funded by the National Science Foundation, and partially
founded—funded by private contributions. It is a very intelligent
leveraging of federal dollars into a program run on weekends for
public high school students. We brought some folks out to see the
program just to shine a spotlight on some things that are going
well. :

That leads to my question. It is sometimes most fun to talk about
folks who aren’t here. This program is substantially funded by the
National Science Foundation. It is my understanding that NASA
has a science and math education component, or science education
component to it. The Department of Energy has a component in
this arena also.

It is also my understanding that all three agencies are rapidly
withdrawing from the field, getting out of K through 12 education.
I would like to hear your opinions about that. Is this something
which is first of all real? And next, if so, is this something like high
schools when they get in a budgetary pinch, you know, cutting foot-
ball, basketball, and the music program first to get the parents to
address the budget issues first and foremost?

Chairman EHLERS. Does anyone wish to respond in the minute-
and-a-half remaining?

Dr. BYBEE. I'll respond.

Chairman EHLERS. Dr. Bybee?

Dr. BYBEE. I think the instructional materials in the programs
that the National Science Foundation—I would add National Insti-
tute of Health does some work in this area, NASA, Energy, have
all made an extraordinary contribution to science and mathematics
education in this country. I hope they are not decreasing their
funding or decreasing funding for specific areas in K to 12 or some
way or another reallocating that.

The science education and mathematics education, and 1 would
add the technology education community, needs the innovation and
the ideas that are coming from those agencies. It is just vital I
think, as a new and innovative approach to what we are doing.
They support it.

Dr. MALcOM. Let me just say that it has been very difficult I
think to sustain support for education within the mission agencies,
because the first thing is that the legislators are basically going to
look at is to say “Well, aren’t you outside of mission?” I don’t think
that any agency can afford not to be involved in the human re-
sources development part of its mission. Otherwise, it will find
itself without the next generation of regulators, of its own work-
force. I think that this is one of the problems that we continually—
and challenges that we continually face.

Mr. Wu. Mr. Chairman, may I have time for one more question?

Chairman EHLERS. Your time has expired, I’'m sorry. But we will
have a second round. _

Let me just make one comment to add onto this. These are excel-
lent programs. But remember Dr. Rubin’s original question about
sequencing structured programs. Many of these are tossed into
some schools, but not in others. So that is what our Committee has
to look at. It is a very good question. But the question is, how can
we incorporate these wonderful things into our regular programs
throughout the Nation? Thank you.

23



29

The gentleman’s time has expired. Let’s see, Mr. Larson is next,
yes.

Mr. LARSON. Thank you very much, Mr. Chairman. Let me follow
up on what I hope was the question of Congressman Wu. With re-
spect to maintaining a competitive edge in the global economy, and
with the issue of uniformity and making sure that all of our stu-
dents are not left behind, especially in the area of math and
science, what kind of thinking has been given to focusing our agen-
cies on delivering the technology, the actual infrastructure so that
all public schools can have access to distance learning and to the
very science that we need to propel and take us into the next cen-
tury? Any member.

Chairman EHLERS. Yes. Ms. Kaslow?

Ms. KasLow. I would say that it is happening in pockets, and
successfully where it is happening. But it is a struggle for munic-
ipal governments—which are generally the ones that are suc-
ceeding in doing this—to get the funding, either state or federal
funding for this.

I know one example, fairly recent in New Jersey. They are get-
ting incremental grants to increase the transfer of technology,
which is extremely important as you know. There is a virtual vacu-
um in many schools, technology. We are not just talking about de-
pressed areas, but robust areas as well. Given that the economy is
moving along at a fairly rapid clip, if not now, when are we going
to do this, given the surplus. If we could put some emphasis on
education, this is certainly a great tool. '

The programs are uneven, as the chairman mentioned. One ele-
ment to circumvent the unevenness is to get the technology in the
schools. '

The private sector must be—is engaged and must be engaged
further. They are the ones with the technology. They are the ones
who have the great incentive to do so. We have heard from Mr.
Harrison, there is an incredible shortage of technologically-ad-
vanced folks. To hire much less technologically-competent folks at
the basic level, private sector businesses need to be engaged
through any number of incentives to get this stuff out. '

Chairman EHLERS. Thank you. Dr. Malcom?

Dr. MaLcoM. I served as a member of the PCAST panel on tech-
nology and education a number of years ago, and recognized very
much the kinds of issues that you are addressing here.

I think the most recent figures that I saw shows that we are
starting to get the technology into schools and we are starting to
get Internet connectivity into the schools, and that that problem
will probably solve itself within the next three to five years.

A more difficult problem, which we must face, is that of how do
we actually prepare teachers to use the technology to reinforce the
kind of content and pedagogy that we think is absolutely essential,
not just in science and mathematics, but also in the other areas
where it is possible to use it. The fact that you can get at primary,
original source materials, for example, when you are dealing with
history, I mean there are just really incredible opportunities. But
the professional training and the professional education opportuni-
ties that are needed are ones that are really essential, and that we
are going to have to deal with, along with the issue of the avail-
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ability of hardware, the availability of robust and appropriate soft-
ware, and the availability of connectivity.

I think that the last issue that we really do have to focus on is
this research piece that Dr. Rubin mentioned earlier, that the
Science Board talked about. We need to know what difference that
makes, and we need to know what is actually most effective in
terms of actually delivering the content.

Chairman EHLERS. Any further response? Mr. Harrison?

Mr. HARRISON. Yes. One more. I don’t know what agencies are
doing, and I am not sure exactly what the initiatives are, but I can
say of those schools that have access to technology-and where the
kids are using it, and I give a specific example. Dzung Tran, my
partner, goes around to area schools and talks to the students. In
one case, he went to Thompson Elementary School over on L and
12th. He was amazed by the type of questions these 10 and 11-
year-old kids were asking. All of them each had a high level of ac-
cess to the Internet. They were able to do research on careers. Dur-
ing career day, he was there to talk about what would essentially
be a high school level question and answers, careers in engineering,
computers and science and engineering particularly.

These kids were savvy. They understood the concepts. They were
asking him questions, how much he made a year, and would it be
worthwhile to go into that area. [Laughter.]

To be that advanced, that adult, I thought was very interesting.
I think it just, it makes them want to learn more. If we can just
fuel that, we will be okay.

Chairman EHLERS. The gentleman’s time has expired.

Mr. LARSON. I kind of figured that. I couldn’t agree with you
more though. Thank the three of you for your responses.

Chairman EHLERS. The final questioner on the first round is Ms.
Sheila Jackson-Lee.

Ms. JACKSON-LEE. Thank you, Mr. Chairman, and thank the
Ranking Member Brown, and thank Congresswoman Johnson, and
the entire committee for their vital hearing. I would like to, Mr.
Chairman, have my opening statement put in the record. I ask
unanimous consent.

Chairman EHLERS. Without objection, so ordered.

Ms. JACKSON-LEE. Thank you very much. Let me emphasize a
point or two and ask for a comment. First of all, Dr. Malcom, I am
delighted that you included in your statement the H-1B visas. As
a member of the House Judiciary Committee, and now ranking
member on Immigration and Claims, I was intimately involved,
and albeit I wanted to be responsive to our industries, I was a little
aghast, I was just wishing that we could have found the numbers
of trained individuals in the United States to be able to fill those
positions. You don’t want to penalize industry, but on the other
hand, you are saying a country that prides itself for its creativity
and uniqueness and innovativeness, and here we are begging to
have people to serve in these technological positions.

I also was drawn to your statistics dealing with bachelor degrees.
I have been reminded by my colleagues in the House of different
ethnic backgrounds that education itself is something that we need
to help improve for all children. I want to make that very clear and
go on the record that I appreciate that sometimes we say disadvan-
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taged, and in fact we have a problem in educating all of America’s
children, bringing all of them up to the bar. I want to go on the
record to say that I am committed to that.

But I was struck by the fact that in engineering, whereas we had
said in 1996, and I know the numbers go down, 47,000 male,
10,000 female, which is an increase but still very low, but 6,000 mi-
nority. Then in computer science, 16,000 male, female 6,000, and
then 3,000 minority. So I do want to highlight that. ‘

Here is my question to you, Dr. Malcom. I am glad Mr. Harrison
mentioned those interesting questions of 11-year-olds. A school in
my district by the name of Garden Oaks decided to organize par-
ents and put in a science lab. They funded it themselves. I went
to its opening where the parents came. There were rocks, and there
were various other hands-on. It was fun.

We know that science and math and ultimately engineering, can
be fun. The disaster is, or the problem is do we actually do that.
Are we blaming the victim, the children, when in fact what are we
doing creatively to make it fun, to bring the business community
or the players in this into the school system. Then if I might use
a word that we don’t want to use here, “get something done,” be-
cause I think this is a good oversight hearing, what would you in-
strui:(t1 us to get done to help move this issue? Dr. Malcom, if you
would.

Dr. MarcoM. Thank you very much for your question, I think. If
you look at those numbers, one of the things that really is very
striking about it is that had it not been for an increase in the fe-
male participation and the under-represented minority participa-
tion, the numbers would have gone down even more. I think that
this basically shows that there really is an untapped reservoir.

If you look at the numbers, see I only gave you 1989. I didn’t
show you mid-1980s. If you look at mid-1980s, you will find, for ex-
ample, that that was a high water mark for young women receiving
bachelors degrees in computer science. And that between that pe-
riod and today, there has been a loss of 53 percent of those bach-
elors degrees from young women. Now that to me says that there
is something wrong with the instructional programs that essen-
tially would take very smart people, very capable people, and over
half of who is showing up in our higher education institutions, and
essentially disenfranchise them and put them in the position of not
seeking these programs.

So under those kinds of circumstances, I would have to ask can
we find programs that are being successful? What are the charac-
teristics of those programs that are being successful in training
large numbers of students in very effective ways? Can we transfer
the knowledge from the ones that are effective to the ones that
maybe aren’t so effective? I think that there is a lot of research
here that we—and I know that the last thing people want to do is
basically look at just research, but this is action research. This is
looking at specific instances so that we can in essence migrate
those practices into something else. It means beginning early, but
it also means staying with the students. Often times, these stu-
dents will come into our colleges and universities saying that they
are going to major in science or mathematics or engineering or
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computer science, and while they are in those programs, they are
not retained in those programs. : ,

I was at a meeting on graduate education. We find that a lot of -
students are not going into graduate education because no one ever
talks to them about going into graduate education, and they don’t"
have the information about going into graduate education. Yet we'
have some mentors who have been exceedingly effective in terms:
of moving students in and through graduate education. What are-
they doing that is different from what other people are doing?

I think we have got to inform ourselves about exemplary prac-
tice, and then start to move that through the system. We can get
those numbers up. I don’t think our kids are any less intelligent
or excited about good instruction than anybody else. I think it is
a matter that we have to get on the case and be able to give some
specific guidance to people who are in those roles as mentors and
teachers and advisors.

Chairman EHLERS. Very well said. That is what we are hoping
to do in this study.

The gentlewoman’s time has expired. I think we have completed
our first round, so I will open the second round.

Dr. Mundy, in your original statement, you talked a bit about
training of teachers. I understood that to mean training of future
teachers while they are in colleges and universities and so forth.
Then in your response to another question, you talked about train-
ing of existing teachers. I think both of those are extremely impor-
tant topics, and something that deserves far more attention than
it has been given. _

My question to you is what could we as the Federal Government
do to strengthen the training and perhaps even the certification
standards or changing them—I shouldn’t say strengthen—but
changing them. In the case of those students who are currently in
colleges and universities and also those teachers who are already
teaching. '

Dr. FERRINI-MUNDY. Thank you, Mr. Chairman. I appreciate the
question. I think to make the point that considering both the pre-
service education of teachers and the continuing learning of teach-
ers tolg:ther, to think about that asa continuum is a very impor-
tant thing to do, particularly as the content demands for teachers
will change over their careers and curricula will shift, and empha-
ses will shift. This notion of thinking about their work as a matter
of continued learning is important.

I also wanted to try to encourage that we think about this as an
infrastructure issue. When we think about how teacher education
is done, both for pre-service and continuing teachers, it is really
through an array of institutions. Higher education has a role in
teacher ed. Private non-profit organizations are involved in teacher
ed. Professional societies are involved. School districts have major
involvement. We have in a sense quite a large an uncoordinated
system that is workin%on the problem of teacher education.

You think we don’t have clear agreement about what needs to be
done with students at different points in their educational career,
K-12 in mathematics and science. We have far less agreement
about what teachers need to be learning at different points in their
careers and how to do it. So my hope would be that through var-
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jious kinds of federal programs, we could move toward a focus on
coherence in the infrastructure, on coherence and focus in. what
teachers need to know and be able to do, and to supplement that
work with research about teacher development across their careers.

So in summary, I think focusing on teachers, learning as a ca-
reer-long activity, and getting much more consistency in the discus-
sion across all of these different entities that involve themselves in
teacher education.

Chairman EHLERS. Very good response. I hope we can contribute
to that in this process. We will certainly pursue that, and we may
be in touch with you further on that.

Yes, Mr. Kaslow, I noticed in your comments you talked a bit
about the Council on Competitiveness report and what industry
was doing in training. Did you, in the course of that study, or do
you happen to know how much money is spent in the United States
on education and training by industry, commercial establishments
and so forth? And how that compares to the total amount spent on
education in this country? I should say spent on K-12 education in
this country.

Ms. KASLow. The latter, I don’t know. It is about $55 billion, but
it is really—it’s not a—I don’t trust these numbers. These numbers
are thrown by various——

(;?hairman EHLERS. You are saying $55 billion is spent by indus-
try?

Ms. KasLow. Industry, but it’s not a good number because these
are just the numbers that folks have come up with, various interest
groups. There is no hard number. : _

Chairman EHLERS. Okay. My next question, which you also won’t
be able to answer then, is how much of this would you consider re-
medial education and how much of it is job-specific training that
would be required regardless?

Ms. KasLow. Unfortunately, the Lion—I do know this, because
just from practical field work and hearing from various constitu-
encies. The lion’s share, unfortunately, is remedial. It is not just re-
medial one time, two times. There are almost all the new entrants
into the workforce need remedial. You mentioned the teaching of
existing teachers, which I think is a point that cannot be under-
scored enough. The teaching of incumbent workers is something—
you know, folks might assume once they are there, they are doing
their job. No. Keep going. No. It is definitely not the case.

There is a tremendous barrier that we have with incumbent
workers who are very comfortable in their positions, especially, un-
fortunately, especially many of the unionized workers, that just
know what they know, feel what they are comfortable with, what
they know, and afraid of what they don’t know and don’t want to
learn it. This is changing. It is a psychological change as well as
a practical change. But vast sums are invested just to get them to
have an absorptive capacity, to learn how to learn. It is not just
at the lowest rung of the workforce. It goes all the way up.

We are talking now about science and math and technology and
the info tech sector. We have to remember, this problem is cer-
tainly not isolated to that cadre. It goes throughout the workforce.
It is the incumbent, it is the new entrant. It is unfortunately the
would-be entrant.
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Chairman EHLERS. Thank you. My time has expired.

Ms. Johnson, do you have any further questions?

Ms. EDDIE BERNICE JOHNSON of Texas. No.
knChairman EHLERS. Thank you. Mr. Smith has another one I

ow.

Mr. SMiTH. Thank you, Mr. Chairman. Let me address another
question to Ms. Kaslow, if I might. Let me point out something
that we all know. That you can’t talk about American competitive-
ness without talking about the world economy. So for that reason,
I think you were right to point out in your prepared statement, and
let me read the sentence, “Foreign workers who are imported to the
U.S. underscore just how essential skills are to worker market-
ability. They reveal how the ill-equipped American worker is at
risk of being cast aside for the international with know-how.”

Let me just ask you to expand on that, if you would. What did
you mean when you said the American worker might be at risk of
being cast aside? I assume you meant losing jobs, seeing wages de-
pressed and so forth. Is that right?

Ms. KAsLow. Right. It is often assumed that, especially this is
born of the NAFTA debate in particular, that firms will just simply
pick up and go abroad. That is a very expensive proposition. True,
firms are——

Mr. SMITH. But when you said American workers are at risk of
being of being cast aside, that means American workers in this
country might lose their jobs and might see their wages depressed?

Ms. KasLow. That is true, or wages not realized.

Mr. SMITH. Okay.

Ms. KasLow. If I may finish. It has little to—there is a distine-
tion between the firm going abroad.

Mr. SMITH. Right.

Ms. KasLow. U.S. firm going abroad, and the firm staying here.
There are investments that have to be made here as well. It is a
cost-benefit analysis.

Mr. SMITH. No, no. I totally agree with that. Don’t misunder-
stand me. I am not disagreeing with you. I am just trying to focus
on the problem that you have stated well, which is the risk of being
cast aside here in the United States, of American workers.

As you know, and as Dr. Malcom mentioned a while ago, the H-
1B category is a category of high tech kind of workers. Last year,
Congress approved admitting I think 115,000 this year, and it is
around 100,000 for several years. Do you think those—admitting
10(2) ,000 hlgh tech workers is good for ill- equlpped American work-
ers?

Ms. KAsLow. This is a circuitous way to go about this, but it is
good in the interim while we have these shortages. It is good for
workers because the future of the U.S. economy banks very much
on how industry——

Mr. SMITH. I know it is good for the future, but what about the
l}lmer;can workers who are unskilled today" How is it good for
them?

Ms. KAsLow. Well they are not going to get those jobs anyway
right now. I mean obviously.

Mr. SMITH. You don’t thmk we ought to be tra1n1ng them imme-
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Ms. KasLow. Of course we are. Of course we should be and we
are. Let me say that-—you know, Dr. Malcom talked about college
and university experience, and this is an important point so bear
with me for a moment. It is very, very important to know that
there are many other options being realized right now by students.
There are a lot of folks who are going to community colleges, voca-
tional training, et cetera. Community colleges are very, very dy-
namic, a very vibrant part of training for the work force. These
community colleges are very much driven by the bottom line. As a
consequence, they are making it their business to respond to indus-
try needs. That is just in time training, educating, getting folks
into the workforce for high skilled jobs.

Mr. SMITH. I think that is all for the good, but I want to go back
and see if I understood you correctly. You said that having so many
high tech workers come to the United States was good for ill-
equipped American workers because they couldn’t get the jobs any-
way? Is that your statement?

Ms. KasLow. Oh boy. I think you are talking in a macro eco-
nomic sense. We are not talking about here and today. We are talk-
ing about a longer term. Here and today:

Mr. SMITH. I am talking on the present. Not the future.

Ms. KAsSLOW. You will have to let me finish this.

Mr. SMITH. Is it good for the American workers today? By the
way, this is a bill that I supported, and I found myself on the side
of the administration trying to protect American workers, so don’t
misunderstand what I am saying. But you made the statement that
you didn’t think these high skilled folks or what you call the inter-
national with know-how, in your official statement you said that
they were putting American workers at risk of being cast aside. Do
you still think that that’'s—— :

Ms. KASLOW. Let’s be very clear here. Okay? Allow me to finish
a sentence and we will be very clear.

Mr. SMiTH. Okay.

Ms. KasLow. The workers who are being cast aside are those—
the people that Mr. Harrison are talking about, is talking about,
and many, many, many other business owners, not just high tech.
Okay? These are folks who, people who cannot, cannot——

Mr. SMITH. Are they being cast aside——

Ms. KAsSLOW. Let me finish. A

N‘I’r. SMITH [continuing]. By the international with know-how or
not?

Ms. KAsLOw. Let me finish, because this is getting a bit frus:
trating.

Mr. SMITH. Well, I am just reading from your own statement.

Ms. KasLow. Well, I would like to explain the statement.

Mr. SMITH. I am afraid I get the prerogative of asking the ques-
tion. But let me ask my question one more time.

Ms. KASLOW. But your question has been asked many times, and
you haven’t allowed me to answer.

Mr. SMITH. Let me ask my question, and then if you can just an-
swer yes or no, because I am just using your own words.

Ms. KasLow. I am not going to answer yes or no, because you
are asking a question on a partial statement.
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Mr. SMmiTH. No, no, no. I quoted the sentence in toto. You are wel-
come to read more of it if you want to. But is the American worker
today, not in the future, today being put at risk of being cast aside
by these highly skilled workers whom you say we are importing?

Ms. KasLow. Yes, yes. But that is not the question you asked
me. You asked me was it good for them to bring in skilled workers.
I am saying it is an inevitability in the short-term. Is it good for
them? Right now, it behooves industry and it behooves the economy
at large to get workers in to do the job that industry is trying to
do.

Mr. SMITH. But I assume it’s not good for them if they are being
put at risk of being cast aside.

Ms. KasLow. They are cast aside.

Mr. SMITH. And that’s not good.

Ms. KasLow. Of course it’s not good.

Mr. SMITH. Okay. And the direct cause of that is the inter-
national with know-how, according to your statement.

Ms. KasLow. The. cause of this is the inadequacy of the American
skill base. That is the cause. It is not the internationals with know-
how. .

Mr. SMmITH. Okay. So do you want to retract that statement in
your prepared statement? '

Ms. KasLow. I think, with all due respect, you are making this
quite convoluted.

Mr. SMITH. Let me read the sentence once more, Mr. Chairman,
with your indulgence. “Foreign workers who are imported to the
U.S. “underscore just how essential skills are to worker market-
ability, and they reveal how the ill-equipped American worker is at
risk of being cast aside for the international with know-how.”

Ms. KasLow. Correct. .

Ml".?ﬁSMITH. Okay. So you agree with that statement? _

Ms’ KasLow. Yes. I wrote it. But it is not as you are interpreting
it.

Mr. SMITH. Okay. And you think that it is—is it good or bad for .
the American worker to have all these folks come in with know-
how? ‘ :

Ms. KasLow. In the interim it is an inevitability.

Mr. SMITH. Is it good or bad in the present?

Ms. KasLow. To keep industry productive——

Mr. SMITH. So it’s good? , :

Ms. KAsLow. I am not going to be boxed in the corner you are
trying to box me into.

Mr. SMITH. I am using your words.

Ms. KasLow. Right. But you are using your interpretation.

Mr. SMiTH. We have an acute—we have an acute skill shortage.
We also have an acute political sensitivity, a surplus.

Ms. KasLow. Right. Which I think you are speaking to. I am
talking about reality and what is inevitable right now, which is
first of all, we don’t have an adequate skill base. We have industry
that is screaming for new, for labor. : '

Mr. SMITH. We all acknowledge that. But I think from your own
statement, which I think you have now agreed to, it is not all good.
Some people are put at risk by our current policy.

y I
y LY
5 RS



37

Ms. KasLow. They are put at risk by their own position now in
the labor——

Mr. SmiTH. You said they were put at risk by importing foreign
workers, the international with know-how.

Ms. KasLow. But they are at-risk, they are in that position be-
cause of the inadequacy of their own skill base. It’s the cause of
their—

Mr. SMITH. So you want to strike the last part of your statement?

Ms. KasLow. No. I do not. No, I do not.

Mr. SMmiTH. Okay.

Chairman EHLERS. The gentleman’s time has more than expired.
If you wish to pursue this, we can either have a third round or—

Mr. SMiTH. That’s all right. Someone was volunteering to answer
the question, but I think my time is up, Mr. Chairman. Maybe we
can discuss afterwards.

Chairman EHLERs. All right. Fine. Thank you. There’s always
the boxing ring in the gym if you wish to pursue it. [Laughter.]

Thank you very much. Final second round question. Mr. Larson,
do you have something else?

Mr. LARSON. Thank you, Mr. Chairman. Yes. I would just like to
follow up on a line of questioning before. I believe it was Dr.
Malcom that said that you think that this problem may be solved
technologically within the next three to five years. While I com-
pletely agree with you about the need to train teachers, et cetera,
and especially to train them currently while they are going through
our colleges and universities, but also to remediate where nec-
essary, the teachers that are currently in the workforce.

My concern is that, given the need for us, both in terms of
connectivity, et cetera, it seems as though a government that
spends close to $50 billion in research to put up what could be a
defense technology imaginal line, but can not invest money to make
sure that all of our children have access to the information super-
highway, we have got our priorities wrong.

Tt is heartening to heat the business community come forward
because 1 believe that ultimately it is they who will drive this
issue. I would be interested in your comments on that. Five years
may be too late for another generation of children.

Dr. MaLcoM. 1 agree with you. I agree with you that it can’t
come soon enough. But I think that there are other places that we
have to be concerned about as well, and where I would hope that
there would be some Government investment.

One of the biggest discrepancies is the availability, that between
technological haves and have-nots is actually the access to home
computing.

Mr. LARsoON. Right.

Dr. MaLcoMm. Which is a much bigger and more thorny kind of
an issue. A lot of us proposed that we can start having community
technology centers, that our libraries be much more technology cen-
ters that are available to the people within the community.

We have advocated, and actually helped to support and manage
industry setting up technology learning centers. We actually work
with and help Intel in terms of managing two of their centers, one
in Sacramento and one in Portland, Oregon. We have got to have
these kinds of centers, public access, public use centers within the
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community in ways so that kids aren’t just—it isn’t just a matter
of being tied to school, because a lot of the effort actually goes on
in the after-school hours.

I would hope that this would be another area, in addition to the
concern about schools, that this would be another area where we
can get this kind of investment. Because putting that investment
in there isn’t just a way of addressing the educational need. It is
also a way of addressing the issue that I spoke largely to within
my own oral testimony. That was how do we deal with the edu-
cation of the adult public who are no longer within the schools.
There is an opportunity there to engage with those parents of those
kids as well as with the kids themselves around the technology
through these kinds of community technology learning centers.

I know that those things are in place. I would just want to en-
courage both the school and the community-base for technology.

Chairman EHLERS. Any further questions?

Mr. LARSON. No.

Chairman EHLERS. Thank you very much. Thank you to the
members of the Committee who were here.

Thank you especially for the witnesses. I know it has taken time
out of your day. We appreciate the extra effort. I am very pleased.
This has been a good kickoff. The panel has been very balanced in
a number of ways. The ideas that are presented have covered the
field that we wanted to cover. We will consider your comments and
use those to decide where we go next.

I would also encourage the members of the panel, I hope you will
maintain your interest in this. I would welcome your comments, ei-
ther by telephone or in writing, as to how you think we should pro-
ceed with our inquiry. I hope you will also maintain an interest in
it, and continue to advise us as we go along. :

So thank you for taking the time to be here. We certainly appre-
ciate your participation and the wisdom of your testimony. Thank
you very much.

The hearing is adjourned.

[Whereupon, at 12:02 p.m., the Committee was adjourned.]
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OPENING STATEMENT BY
THE HONORABLE F. JAMES SENSENBRENNER, JR.
CHAIRMAN
COMMITTEE ON SCIENCE
UNITED STATES HOUSE OF REPRESENTATIVES

WHY AND HOW YOU SHOULD LEARN MATH AND SCIENCE
March 17, 1999

I want to welcome everyone here today for this first in a series of hearings the Science
Committee will be holding on science, math, engineering, and technology education.

As you may know, last year I charged Congressman Ehlers with developing an approach
to a new national science policy. As a result of over a year’s work, the Committee
released the study, Unlocking Our Future: Toward a New National Science Policy, a
major focus of which is math and science education. As the Report notes, math and
science education is the road that will ensure American preeminence in technology and
prepare American students to be able employees, smart consumers, and engaged citizens.
I am pleased that the Committee is following up on this aspect of the Science Policy
Study, as education is one of the most important issues we must address.

By now it is old news that U.S. students are not performing to the level of their peers
around the world. In fact, U.S. students perform near the bottom. Clearly, American
children are not receiving an adequate education in math and science, and we as a Nation
should be concerned. We can and must do a better job of preparing our young people for
the 21" century, and we have an obligation to see that students receive the education they
will need if they are to compete and win in the global marketplace of the future.

This series of hearings will serve as a comprehensive examination of current science and
math education, the directions science and math education may take in the future, and
programmatic reforms that may be necessary to ensure graduates of U.S. schools are well
prepared. The examination will require assessing the current situation and understanding
the specific weaknesses in our education systems. The most technologically advanced
economy in the world requires the most scientifically-literate workforce on the planet.

I am pleased that my colleague Vern Ehlers of Michigan will be chairing this series of -
hearings and taking the lead in this most important issue. Before I turn over the gavel to
Congressman Ehlers, I would like to thank the witnesses for appearing before us today
and look forward to hearing their testimony.

5
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Opening Statement
Congressman Vernon J. Ehlers
Why and How You Should Learn Math and Science
March 17, 1999

I want to welcome everyone to the first in a series of hearings
the Committee on Science will be holding this year examining math
and science education. As most of you know, last year I was asked
by Speaker Gringrich and Chairman Sensenbrenner to head up the
Science Committee’s effort to develop a new national science and
technology policy to lead us into the néxt century. One of the major
areas addressed in the resulting Science Policy Report, Unlocking
Our Future: Toward a New National Science Policy, is the vital need
to fortify our system of mathematics and science education, from

preschool to research universities.

Education is the cornerstone of a national resource, the
intellectual capacity of our children. Our K-12 education system'
serves three main purposes: it is responsible for preparing future
scientists and engineers for further study in' college and graduate
school; it provides a foundation for those who will enter the
workforce in other capacitiés; and it provides scientific and technical
understanding so that citizens may make informed decisions as
consumers and voters. We must continuously and diligently nurture
future generations in order to provide them the opportﬁnity to

contribute and prosper in the technology-based world of tomorrow.

- 46
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Recent assessments of student performance in science and
math showed that aI;ho;igh our fourth graders did relatively well in
both math and science, our 12t grade students are far from the
goals set by the Bush Administration and the 50 State Governors of
being first in the world by the year 2000. We have much to be
proud of in our national education system, but we ought always to
be seeking to address our weaknesses and to improve our
performance. By combining the lessons learned through the TIMSS
analysis with the many discussions that we have had on this
subject in the past, we can begin to address the steps necessary to
rectify the deficiencies in our system and effectively pursue our

goals.

In addition to the need to stimulate future curiosity and
innovation in science and technology, I believe that it is not only for
the sake of learning math and science fundamentals that these
subjects must be taught. In today’s wbrld, these disciplines have a |
large and direct impact on many aspects of our lives. Learning the
inquiry-driven process underlying math and science principles helps
develop the human intellect, aiding the learning of other, seemingly
unrelated, subjects. To enter the workforce in jobs ranging from an
office worker to an aerospace engineer, technical competence and
problem solving skills -- the fruits of a solid foundation in math and
science -- are essential to exercising our roles effectively. In a recent

study by Thomas Burkman entitled, the Role of Technology In
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Future Schools, it is pointed out that “data from the U.S. Census

Bureau and the Department of Labor have shown that by the
beginning of the next century, 60 percent of the new jobé will
require skills possessed by only 20 percent of the young people
entering the labor market.” Unless we improve the education our
children receive, they will not be adéquately prepared to compete

with their international peers in a global economy.

An additional realm of society that is heavily influenced by the
development of science and technology, is that of public policy.
Today and in the future, lawmakers and their constituents are faced |
with complex issues created by our technological success.
Genetically modified foods, clean air regulations, global warming,
bprivacy concerns surrounding our genetié information, cloning and
Y2K are all issues which, as a nation, we must confront. If our
citizens do not have the educational background to understand the
relevant questions and their debatable answers, it will be impossible |
for them to make informed decisions about how they wish the
country to proceed. We must arm all students with the knowledge
and skills to interpret scientific information, so that as adults they
will be prepared to intelligently participate in policy decisions that
effect their world.

\; _
Before we hear fr?m our witnesses who will elaborate on
the reasons why math and \S'tcience education are so important, I

would like to make one last point. This hearing is not intended to
S
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provide us with answers, but rather I hope that this hearing will
stimulate questions that we should ask as we seek solutions. We
must ensure that through our education system, we instill children
with the motivation and desire to obtain the fundamental skills and
knowledge to thrive in a technology-saturated future, in terms of
their occupations and their personal lives as consumers and voters.
I look forward to receiving the testimony of our distinguished panel

as we begin this very important process.
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Statement of Congressman Nick Smith
Chair, House Basic Research Subcommittee

House Science Committee Hearing on Math and Science Education
Wednesday, March 17, 1999
10:00 a.m.
Mr. Chairman,

I am very pleased that the House Science Committee has chosen the issue of science and
math education as its first hearing topic of the 106th Congress. As chairman of the Basic Research
Subcommittee, which has jurisdiction over K-12 science and math education, I am aware of the vital
role that the proper training of the next generation of scientists and mathematicians will have on our
society, as well as the importance of increasing generally literacy in these areas as well.

As a legislator, education has always been one of my main concerns. Ensuring that science
and math are considered to be vital components of a traditional K-12 education is one of my goals as
chairman of the Basic Research subcommittee. Also, the traditional concept of liberal arts in college
must include science and technology courses tat are necessary to better understand the world we live
in. Doing so will benefit not only those students who will go on to pursue science and math careers,
but those who are seeking careers outside these fields.

We know that not enough students are choosing to enter the math and science fields once
they enter college. By exposing all children to a basic math and science education, we can help
ensure that more students will ultimately choose science, math and engineering majors when then
enter college.

Even those students who are pursuing other fields, though, are finding that their progress in
college is being impeded because of their failure to learn an adequate amount of math and science in
their primary education. Math in particular is cited as the subject that has the lowest student success
rate and is most feared and postponed by students. The result, according to a recent story in the A4
Times, is that many students in junior and community college are unable to obtain their degrees in
fields such as preschool and art teaching, office administration and counseling. Because we haven't
learned enough about how to teach them an adequate amount of math early on in life, these students
are now finding their progress put on hold, perhaps indefinitely.

This hearing is the first in a series that will focus on reforming science and math education.
This is not an issue that can be addressed quickly, but needs to be the subject of a long term
commitment. The House Science Committee will continue to take the lead in this important area by
adopting a new science policy that focuses heavily on educational issues.

Today's hearing marks an important first step towards implementing these goals.
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Statement of Representative Judy Biggert (R-IL)
House Science Committee Hearing
“Why and How You Should Learn Math and Science”
March 17, 1999

I'want to commend the Chairman for holding this hearing to highlight the importance of
math and science achievement for our nation’s students. Illinois is home to several fine
institutions dedicated to this cause, and I look forward to working with the gentleman
from Michigan on this issue. In addition, I would like to thank our witnesses for being
here. I’m anxious to hear your testimony about how our students can better learn math
and science.

The district I represent is home to the North Central Regional Educational Laboratory
(NCREL), one of 10 federal educational R&D labs. Since 1994, NCREL has worked
with a coalition of students, parents and teachers in Chicago’s near north suburbs to
achieve “First in the World” academic status in math and science.

The “First in the World Consortium” represents about 20 elementary and secondary
districts and approximately 38,000 students, along with NCREL. Italso includes the
Illinois Math and Science Academy -- our nation’s only state-funded school focused
solely on math and science studies.

The Consortium utilized the Third International Math and Science Study to compare the
performance of its students in math and science to those from around the world. Student
performance in the consortium was outstanding. Fourth-graders from these partnered
schools were first in the world in science. '

Members of this consortium still recognize the need to find ways for ALL students to
achieve in math and science. NCREL and the partner schools continue to learn from the
results of the study and apply what they are learning to improve student performance.

The Consortium gave Illinois students and teachers a glimpse of how math and science
are being taught, and how our students are learning. Teachers are learning from this
exercise too and developing professionally. Ilook forward to working with the Science
Committee to ensure that students across our nation also can achieve first in the world
status in math and science.
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OPENING STATEMENT
HEARING ON
WHY AND HOW YOU SHOULD LEARN MATH AND SCIENCE
BY
THE HONORABLE EDDIE BERNICE JOHNSON
RANKING DEMOCRATIC MEMBER
BASIC RESEARCH SUBCOMMITTEE

March 17, 1999

During the last Congress, the Science Committee held
several hearings on the status of K-12 science and math
education and on the efforts that are underway to improve
student performance in these subjects. I am pleased to join
Vice-Chairman Ehlers today in initiating a new series of
science education hearings, which I hope will lay the
groundwork for some specific legislative initiatives.

The basic question raised by this hearing is why is it
important that students learn science and math? To those of
us on the Science Committee, the answer is clear.

In the past, concerns about science education were motivated
largely by the goal of ensuring a full pipeline of students
moving toward careers in science and technology. But the
realization that technology now infuses more and more
aspects of daily life leads to the conclusion that all citizens
need a basic grounding in science and math to function in an
increasingly complex world and to lead fulfilling lives.

Most workplaces are becoming increasingly technologlcal
while our society is becoming increasingly diverse. We are
running the risk of a widening gulf between those with the
training to thrive in this new work environment and those
lacking the basic skills to qualify for the hlgh-tech
workplace.

To connect students to the technological workplace of
tommorrow, I intend to introduce legislation soon that will
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encourage partnerships between schools and businesses in
their communities.

My bill, called the Math and Science Proficiency Partnership
Act, will target urban and rural areas whose students and
their schools often lack the resources that more affluent
areas have. Grants through the National Science Foundation
will be awarded to school-business partnerships: to train
math and science teachers and to teach math and science
students. As an active partner with the schools, businesses
will be encouraged to set up on-site internships and
mentoring for students, to establish college scholarship
programs as well as to donate computer software and .
hardware. I strongly encourage my colleagues to cosponsor
this bill and hope that this committee will act on it
favorably.

The nation must take advantage of the human resource
potential of all our people if we are to succeed in the
international economic competition of the 215 century. This
will require that reform efforts in science and math
education seek to engage and cultivate the interest of all
children.

There is much evidence that young children are naturally
interested in science and that grade school students in the
U.S. perform well in science and math. This was shown to
be the case in the recent results of Third International Math
and Science Study, known as TIMSS. U.S. students at the
fourth-grade level were near the top in this international
comparison.

However, the picture changes. for the worse as students
move through the school system. By middle school, again
from the TIMSS findings, U.S. students have drifted down
to the average performance level of the international '
comparisons, well below most of our major economic .
competitors. And by the terminal year of high school, U.S.
students are near the bottom of the rankings in science and
math performance.
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The TIMSS study gathered extensive data on teaching
strategies, curricular materials, teacher development, and
many other aspects of the school systems of the various
countries. At today's hearing, we hope to explore whether
analysis of this data has led to any conclusions that could
inform educational reform efforts in the United States.

In general, we are interested in the views of our witnesses
on ways federal education programs can contribute more
effectively to the goal of improving science and math
education, and particularly seek their views on possible
unmet needs for support of relevant research and
demonstration activities. Any recommendations they may
have would be welcome.

Mr. Chairman, I congratulate you for calling this hearing,
and join you in welcoming our witnesses. I look forward
with interest to their testimony.
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The Honorable Bob Etheridge
Extension of Remarks

Science Committee Hearing on Math and Science Education
March 17, 1999

Good morning. I want to thank the Chairman, the Vice
Chairman and the Ranking Member for holding this
important hearing this morning. And, I want thank each of
you for your testimony here this morning. I am sure it does
not come as any surprise to my colleagues on this panel that
as the former Superintendent of Schools in North Carolina,
the topic of science and math education is near and dear to
my heart. As Superintendent, one of my primary goals was
~ to improve science and math education for all children,
particularly minorities. We did a number of things in this
regard, including raising standards and requiring algebra in
earlier grades. We also worked with local school systems to
get children into the science and math pipeline earlier in
their academic careers. '

I also have had a strong interest in, and a deep concern,
regarding the lack of minority representation in high-tech
employment in America, and it is this issue I want to ask you
' about this morning. America’s economic prosperity in the
. 21st Century depends on our success in the technology
sector. That prosperity simply cannot be sustained if
minorities are left behind. In a recent article in The New
Republic entitled: “COLOR BLIND: The African American
absence in high tech,” the lack of minority participation in
the fields of math and science is referred to as the “digital
divide” between a computer-literate mainstream and people
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of color. The article refers to a San Francisco Chronicle
study which showed that African Americans only make up
four percent of Silicon Valley’s employment. The article
discusses a number of possible reasons for the lack of
minority representation in these fields, from outright
discrimination to cultural attitudes in the minority
community. Would you please comment on your thoughts
as to why this disparity between the races in high-tech
employment exists, and more importantly, what can be done
throughout the educational process to encourage more
minority interest and participation in math and science
educational and employment opportunities. And Mr.
Chairman, before they comment, I would like to say that I
think as we continue to look at the subject of raising
standards and improving science and math education,
addressing the issue of minority participation in high-tech
education and employment must be one of this committee’s
top priorities. And Mr. Chairman, I would like to submit
the New Republic Article for the hearing record.
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COMMITTEE ON SCIENCE

FULL COMMITTEE HEARING ON THE IMPORTANCE OF SCIENCE AND MATH
EDUCATION '

Opening Statement of Congresswoman Debbie Stabenow
of the 8th District, State of Michigan

March 17, 1999

Mr. Chairman, | applaud the Committee for conducting this series of hearings
on the importance of science and math education. We have heard a great deal
in recent years about how students in this country are not keeping up with
their counterparts across the globe in these subjects. We also know how
important a grounding in science and math are for success today and in the
future. You only need to look as far as the classified section of any
newspaper to realize that the high-tech industry offers an abundance of career
options. However, without the proper education and training, many students
will be unable to take advantage of these opportunities. The timing of this
hearing is especially appropriate, with the House having debated the Ed-Flex
bill last week. Given the fact that both parties are on record as wanting to
do more for education during the 106th Congress, discussions such as this one
will keep us focused on that goal. "

The ability to work on these issues is a major reason | serve on this
Committee. | am very interested in the ways that technology impacts our
society, and its ability to spur economic and intellectual growth. | firmly
believe that the revolution of the information age can and must reach all
segments of society. The changing basis of the global economy will have bumps
along the road, as we have clearly seen in the last few years, but as |
mentioned above, exciting possibilities have also appeared that hold out great
hope for everyone, including displaced workers, disadvantaged students, and
women.

As leaders, it is incumbent upon us to make these possibilities available to
our constituents. The first piece of legislation | helped introduce and enact
made it easier for companies to donate computer equipment to schools. In
addition, | have reintroduced two bills this Congress, H.R. 1075 and H.R.

1076, that would make it easier for teachers to acquire computers and
computer-related training. 1 am the sponsor of Net Days and the Great Space
Adventure in my congressional district, the latter of which introduces

students and their parents to the world of science and math education through
the wonder and adventure of space, and am currently leading the effort toward
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ensuring an adequate level of funding for the National Space Grant and
Fellowship Program. In short, | believe very strongly in the importance of

science and math education and have worked assiduously to increase awareness
of these subjects among the students of central Michigan. ’

Mr. Chairman, Mr. Brown, | thank you for your leadership on these critical
issues. As this series of hearings progresses, it is my hope that we will
reach a greater understanding of why science and math education are lagging in
the United States, and what steps we might take to reverse this trend. ! look
forward to hearing from our witnesses, and appreciate their time and
expertise. | am especially anxious to take on the hard work that lies ahead
for alt of this in this arena.
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I would like to thank Vice-Chairman Ehlers, aloag with
Ranking Member Brown, for holding this useful and important
hearing on math and science education in the United States. I

. know that many of us on the Cominittee are very committed to
education issues, and I am glad to see that it is the topic of our first
hearing for the full Science Committee in the 106™ Congress.

It is my hope that it is this topic which will define the work
of this Committee during this Congress. It is a bipartisan issue,
and one that will undoubtedly serve the interests of the entire
United States, and not just a small segment of the research
community. Improving our science and math education can
buttress all of our efforts to keep our economy on high ground as
we enter the 21 Century, and I believe that this Committee can
provide substantial guidance to the rest of the House so that we

_ approach the issue in a responsible and effective manner.

In fulfilling our task, this Committee must first review the
current state of our education system. That includes a review of all
of the necessary data that we have available to us. Just last year, in
this Committee, we looked at the statistics compiled in the Third
International Math and Science Study (TIMSS). I believe that the
findings from that study were very helpful, but I hope we can look
for more sources of information on this important issue.

@]
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As a testament to how effective our Committee can be on the
issue of education, we can point to how we handled the issue of
women in science just last session. If you would remember,
several of the Members of this Committee were motivated to
action by reports and testimony on why women were not getting
involved in the hard sciences.

Some of the reports indicated that oftentimes, young girls
who are interested in math and science when they are young, are
later “turned off” to the subject as they grow older. Many felt that
young girls would become disinterested in the field because they
lacked female role models, and because girls are simply not
encouraged by their teachers to pursue the sciences. As a result
last year, we passed the Women in Science, Engineering, and
Technology Development Act to assist in rectifying that problem.
The passage of that bill, once again, shows how the Science
Committee can work to promote science and math in education,
and I hope we can do it again in this session, only this time
addressing a different concern.

The concern I am the most concemned about is the lack of
participation of minorities in the fields of science. We have seen it
in almost every facet of the science community. Minority children
do not have the same access to computers or the Internet that
White children do. African-Americans and Hispanics have been
unable to penetrate the job market in the fastest growing sector in
our economy — the technology sector. And reports indicate that
minorities continue to lag behind Whites on standardized science
exams.

_ We must do something to address this issue, and I hope that
my colleagues will join with me to make sure that no one is left
behind as we move into the next century. I look forward to hearing
from all of the witnesses, and working with you in the future.
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Statement of

Dr. Vera C. Rubin
Member, National Science Board

Before the
Committee on Science
U.S. House of Representatives
2318 Rayburn HOB

March 17, 1999

Mr. Chairman, Ranking Member Erown, and members of the
Committee, | appreciate the opportunity to testify before you. | am Dr.
Vera Rubin, member of the National Science Board and an

astronomer at the Carnegie Institution of Washington.

The National Science Board is the governing board for the National
Science Foundation (NSF) and also a national policy advisor to the
Congress and the Administration. '

My appearance today grows out of an NSB report, released just two weeks
ago, titled “Preparing Our Children: Math and Science Education in the
National interest.” With your permission, | would like to submit a copy of this
report for the record. (It is also accessible at www.nsf.qov/nsb/documents.)

This NSB report is the result of a year-long review by a Board task force of
which | was a member, created in the wake of the disturbing results of the
Third international Mathematics and Science Study, or TIMSS.

The Board believes that it is both imperative and possible to develop national
strategies to improve K-12 teaching and learning of math and science.
These strategies must serve the national interest while respecting local
responsibility for education practice and outcomes.

(v



58

The Board’s report speaks to local schools, teachers, and parents. It also
identifies roles that especially institutions of higher education, and the

scientists and engineers within them, can play as citizens and educators in’
their communities.

Facing the Challenge

We ali know that improving student achievement — in 15,000 school districts
with diverse populations, strengths and problems — will not be easy.
Education is a systemic challenge that we must face. It demands diligence
and commitment by all “system” participants.

The future of the Nation depends on a strong, competitive workforce and a
citizenry equipped to function in a complex world. The national interest
encompasses what every student in a grade should know and be able to do
in mathematics and science. Further, the connection of K-12 content
standards to college admissions criteria is vital for conveying the national
expectation that educational excellence improves not just the health of
science, but everyone’s fife chances through productive employment, active
citizenship, and continuous leaming. |

The high rate of mobility in today’'s society means that local schools have
become a de facto national resource for learning. According to the National
Center for Education Statistics, one in three students changes schools more
than once between grades 1 and 8. A mobile student population dramatizes
the need for some coordination of content and resources: Student mobility

constitutes a systemic problem: for U.S. student achievement to rise, no one
can be left behind.

63
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The NSB report focuses on a complex of issues familiar to this committee.
Our challenge is what to do about each issue and how Federal resources
can support local action.

A core need, according to the NSB report, is for rigorous content standards
in mathematics and science. All students require the knowledge and skills
that flow from teaching and learning based on world-class content standards.
That was the value of TIMSS: it helped us calibrate what our students were
getting in the classroom relative to their age peers around the world.

What we have learnéd, from TIMSS and other research and evaluation, is
that U.S. textbooks, teachers, and the structure of the school day do not
promote in-depth learning.

Thus, well-prepared and —supported teachers alone will not improve student
performance if other things are not changed as well. For example, more
discerning selections of textbooks, instructional methods that promote
thinking and problem-solving, the judicious use of technology, and a reliance
on tests that measure what is taught. When whole communities take
responsibility for “content,” teaching and learning improve. |

Accountability should be a means of monitoring and, welhope, continuous
improvement, through the use of appropriate incentives.

The power of standards and accountability is that, from district-level policy
changes in course and graduation requirements to well-aligned classroom
teaching and testing, all students can be held to the same high standard of
performance. At the same time, teachers and schools must be held
accountable so that race, ethnicity, gender, physical disability, and economic
disadvantage can diminish as excuses for subpar student performance.

Y



Areas for Action

The NSB focuses on three areas for consensual national action to improve
mathematics and science teaching and learning: instructional materials,

teacher preparation, and college admissions. I'd like to touch briefly on each.

1. Instructional Materials

According to the TIMSS results, U.S. students arevnot taught what they need
to learn in math and science. Most U.S. high school students take no
advanced science, with only one-quarter enrolling in physics, one-half in
chemistry. From the TIMSS analysis we also learned that curricula in U.S.
high schools lack coherence, depth, and continuity, and cover too many
topics in a superficial way. Most of our general science textbooks in the U.S.
touch on many topics rather than probe any one in depth.

Without some degree of consensus on content for each grade level,
textbooks will continue to be all-inclusive and superficial. They will fail to

challenge students to use mathematics and science as ways of knowing
about the world.

The NSB urges active participation by educators and practicing
mathematicians and scientists, as well as parents and employers from
knowledge-based industries, in the review of instructional materials
considered for local adoption.
Professional associations in the science and engineering communities can
take the lead in stimulating the dialogue over textbooks and other materiais,
and in formulating checklists or content inventories that could be valuable to

their members, and all stakeholders, in the evaluation process.

2. Teacher Preparation
According to the National Commission on Teaching and America’s Future, as
many as one in four teachers is teaching “out of field.” The National
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Association of State Directors of Teacher Education and Certification reports
that only 28 states require prospective teachers to pass examinations in the
subject areas they plan to teach, and only 13 states test them on their
teaching skills. Widely shared goals and standards in teacher preparation,
licensure, and professional development provide mechanisms to overcome
these difficulties. This is especially critical for middle school teachers, if we
take the TIMSS 8" grade findings seriously.

We cannot expect world-class learning of mathematics and science if U.S.
teachers lack the knowledge, confidence, and enthusiasm to deliver world-
class instruction. While updating current teacher knowledge is essential,
improving future teacher preparation is even more crucial. The community
partners of schools — higher education, business, and industry —~ share the
obligation to heighten student achievement.

The NSB urges formation of three-pronged partnerships: institutions

that graduate new teachers working in concert with national and state

certification bodies, and local school districts. '
These partnerships should form around the highest possible standards of
subject content knowledge for new teacﬁers, and aim at aligning teacher
education, certification requirements and processes, and hiring practices.
Furthermore, mechanisms for the support of teachers are needed, such as
sustained mentoring by individual university mathematics, science, and
education faculty, and other teacher support mechanisms, such as pay
supplements for board certification.

3.  College Admissions
Quality teaching and learning of mathematics and science bestows
advantages on students. Content standards, clusters of courses, and

graduation requirements illuminate the path to college and the workplace, lay

. a foundation for later learning, and draw students' career aspirations within

w
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reach. How high schools assess student progress, however, has
consequences for deciding who gains access to higher education.

Longitudinal data on 1982 high school graduates point to course-taking or
“academic intensity,” as opposed to high school grade point average or
SAT/ACT scores, as predictors of completion of béccalaureate degrees.
Nevertheless, short-term and readily quantifiable measures such as
standardized test scores tend to dominate admissions decisions. Such

decisions promote the participation of some students in mathematics and
science, and discourage others.

Acting as “all one system” means that the strengths and deficiencies of
elementary or secondary education are not just inherited by higher
education. Instead, they become spurs to better preparation and opportunity
for advanced learning. Partnering by an institution of higher education
demands adjusting the reward system to recognize service to local schools,
teachers, and students as instrumental to the mission of the institution.

The NSB urges institutions of higher education to form partnerships

with local districts/schools that create a more seamless K-16 system.
These partnerships can help to increase the congruence between high
school graduation requirements in math and science, and undergraduate
performance demands. They can also demonstrate the links between

classroom-based skills and the demands on thinking and learning in the
workplace.

4. Research
A fourth area that underlies the three above is research. Questions such as which

tests should be used for gauging progress in teaching and learning, and how children

learn in both formal and informal settings require research-based answers.
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The National Science Board sees research as a necessary condition for
improved student achievement in mathematics and science. Further,
research on local district, school, and classroom practice is best supported at
a national level and in a global context, such as TIMSS. Knowing “what
works” in diverse settings should inform those seeking a change in practice
and student learning outcomes. Teachers could especially use such
information. Like other professionals, teachers need support networks that
deliver content and help to refine and renew their knowledge and skills.

The Board urges the National Science Foundation and the
Department of Education to spearhead the Federal contribution to
science, mathematics, engineering, and technology education

research and evaluation.
Efforts such as the new Interagency Education Research Initiative are rooted.:
in empirical reports by the President's Committee of Advisors on Science
and Technology and the National Science and Technology Council. Led
jointly by NSF and the Department of Education, this initiative should support
research that yields timely findings and thoughtful plans for transferring

lessons and influencing those responsible for math and science teaching and
learning, K-16.

L3

Prospects

In 1983, the same year that A Nation at Risk was published, the NSB

Commission on Precollege Education in Mathematics, Science and
Technology advised: ‘

“Our children are the most important asset of our country; they
deserve at least the heritage that was passedtous . .. alevel of
mathematics, science and technology education that is the finest in

the world, without sacrificing the American birthright of personal
choice, equity and opportunity.”
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The health of science and engineering tomorrow depends on improved
mathematics and science preparation of our students today. But we cannot
delegate the responsibility of teaching and learning math and science solely
to teachers and schools. They cannot work miracles by themselves. A

balance must therefore be struck between individual and collective incentives
and accountability.

The National Science Board asserts that scientists and engineers, and
especially our colleges and universities throughout the U.S., must act on
their responsibility to prepare and support feachérs énd"students for the
rigors of advanced learning and the 21 century workplace.

Equipping the next generation with these tools of work and citizenship will
require a greater consensus than now exists among stakeholders on the
content of K-16 teaching and learning.

As the NSB report shows, national strategies can help change the conditions

of schooling. In 1999, implementing those strategies for-excellence in
education is nothing less than a national imperative.
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extensively, from elementary grades through postdoctoral studies. When her
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college level course in astronomy. She is active in supporting and enhancing
the role of women in science.

in the Rubin household, science is a family affair. Dr. Robert Rubin,
a mathematical physicist and Vera have 4 children, each with a PhD in

science. David and Allan are geophysicists, Judy Young is an astronomer
and Karl is a mathematician.
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How could the roles of teachers and administrators better complement one another
such that they could synergistically strengthen K-12 mathematics and science
learning? What are the current conflicts in the system?

Teachers and administrators share a commitment to strengthening K-12 math and science
learning. Instruction, however, is embedded in a school day typically structured not to
support in-depth teaching and learning. Teachers need time to prepare classroom lessons,
as well as opportunities for professional development that improves their content
knowledge. Teachers’ access to information via resources persons outside one’s home
school is also dependent on connections to the Internet, an adequate number of
computers, and available time during the school day. Administrators can help. secure these
instructional aids and mediate accountability demands to ensure that student performance
becomes a true measure of effort and learning rather than threats and punishments for
behavior over which teachers have little control. Many conflicts derive from poor
communication, insufficient support for the professional needs .of teachers, and
requirements that emanate from outside the school and the district. According to a 1998
OECD report, a typical U.S. teacher spends more time in front of a classroom than
teachers in other countries, but is paid less. This is a recipe for “conflicts in the system.”

The report recently issued by the National Science Board calls for “meaningful
accountability” for states, schools and school districts. What form of accountablllty
measures do you think will be most effective? :

" Accountability must match classroom/school, district, and state-wide measures of -
performance to the content of instruction. If assessments are not aligned with
frameworks, curricula, and materials as taught in the classroom, student learning will not
be accurately gauged. National, state, district, and classroom assessments have different
origins, so alignment is not easy. Misusing test scores as a gauge of the quality of
teaching or learning can have punitive effects on all participants, especially if future
resources hang in the balance. Coordinating topical coverage and sequence across all
schools in a state would harmonize teaching and learning, and make accountability more
meaningful. Some states recognize that accountability is double-edged, e.g., preparing for
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statewide tests that will measure school- and grade-level performance nevertheless saps
time from classroom instruction. Balancing the need for external monitoring against
teacher discretion to “reach” students with different learning styles, strengths, and
weaknesses is a continuing challenge.

Regarding the TIMSS results, can you tell the committee whether those countries
whose students scored well in math and science employ the types of teaching
methods and curricula that, according to the NSB report, is the best way to impart
understanding and knowledge? What can their success tell us about how to
improve our own math and science education?

The chief factor in imparting understanding and knowledge of math and science is a well-
prepared classroom teacher who has command of the content he or she is asked to cover.
This finding is supported by TIMSS results. (a) A secondary analysis of TIMSS published
in the May 1998 Educational Researcher suggests that no particular curriculum correlates
with student performance. For example, of 29 countries with a national curriculum, in 7th
and 8th grades, 14 outperformed the U.S. in math, while 15 showed no difference or were
significantly lower. Of the 11 countries with no national curriculum, two were higher than
the U.S,, six the same, and three lower in performance. A national curriculum alone does -
not lead to higher student achievement. (b) As for teaching methods, the TIMSS video
study of middle school mathematics instruction suggests that active, problem-solving-
based interaction between teacher and student enhances understanding. Compared to
classes in Japan and Germany, U.S. students are taught content two grades below their
age peers, with less emphasis on deductive reasoning and more drill on concepts alone.
Only a confident teacher steeped in the subject matter can bring content to life and
connect classroom inquiry to real-world applications. Yet particular teaching practices are
only one factor in high student learning, as observed in Japan. Broader cultural factors
influence what students bring to the classroom, and their subsequent performance.

The report recommends “citizen advisory boards” that would review the education
practices of their local school districts. How would such an advisory board differ
from a school board? What would be the benefits derived from a citizen advisory
board that a school board doesn’t impart? How would the two entities interact with

one another?

School boards are either elected or appointed. A citizen advisory board could be
subsumed under a school board regardless of how it is constituted. The purpose is to
increase informed participation by more community stakeholders who may or may not
have children in the district. This process would include scientists and engineers with
professional competence in mathematics and science. The citizen advisory board could
function as a committee of the school board or, alternatively, be created independent of
the district structure. In either case, the district leadership would welcome the review and
input of parents, educators, and concerned citizens on the suitability of curriculum
frameworks, instructional materials, and teaching methods.
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Another recommendation of the report is that incentives be offered to students to
“take tough courses or work hard.” What types of incentives do you, or the NSB,
believe effectively motivate today’s students?

Students want to understand the connection between classroom skills and workplace
requirements. They want to see the relevance of what they are being taught for later use
in college and work. An effective means of demonstrating the connection is by presenting
adults who use mathematics and/or science routinely in their work. That is why role
models are so important. Parents often serve as models and motivators. When parents
care about the quality of their children’s schooling, student performance improves.
Similarly, mentors help make aspirations attainable. They underscore the need for hard
work. And they dramatize that high expectations coupled to rigorous coursework not
only encourages learning, but also builds confidence in the student’s ability to learn and
solve problems through inquiry.
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TESTIMONY
U.S. House of Representatives
Committee on Science
Hearing on
“Why and How You Should Students Learn Math and Science”
Wednesday, March 17, 1999

Rodger W. Bybee, Executive Director, Center for Science,
Mathematics, and Engineering Education, National Research Council
Joan Ferrini-Mundy, Associate Director, Center for Science,
Mathematics, and Engineering Education, National Research Council

The questions posed by the Committee on Science are a foundation for identifying the
direction and organizing principles for mathematics and science education. The cenfral questions
can be stated as: Why shat;ld students learn mathematics ana science? What mathemafics and
science should students learn? How should mathematics and science be taught? These questions
are both timeless and timely. They are timeless because at some level the questions have been
asked from the beginnings of education in this country; they are timely because the United States
is entering a new century and the closing decades of this century have been a period of significant

educational reform. The moment is opportune to set a direction and steer a steady course toward

highe} levels, and new formulations of mathematical and scientific literacy for all students.

To make sense of the task of improving mathematics and science education, it is essential
to begin by rethinking and clarifying goals. This means asking the m questions before deciding
what should be taught and how that content should be taught. The process of rethinking,
discussing, and even debating these questions will help to achieve unity on the purposes of

mathematics and science education.
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As a>social institution, education has the goals of developing to the degree po.ssible the
intellectual, ethical, and physical qualities of all students as individuals. Further, education has a
goal of preparing students to exercise their rights, duties, and responsibilities as citizens. These
goals apply to all students regardless of gender, race, ethnic origins, age, or abilities. Justification
for teaching mathematics and science rests on the utility of mathematics and scientific knowledge
to individuals in their work and responsibilities as citizens; the value of understanding mathematics
and science to our cultural heritage; and the personal enrichment that mathematics and science can
add to life.

We have been engaged in a greaf public dialogue, at local, state, and national levels, about
the content and directions of school science and mathematics. To be clear, much of this dialogue
originally centered on the role and contents of standards and assessments. The dialogue has
progressed to the form and function of curriculum materials, instructional practices, and the
importance of teacher preparation and professional development. We believe that these ongoing
debates and conversations have the potential of achieving a unified view of an appropriate
mathematics and science education for all students. So, as different and sometirﬁes conflicting aé
the dialogue has been, it is fundamental for.our democracy and the fact that primary responsibility

for many educational decisions lies with state and local authorities.

WHERE ARE WE IN MATHEMATICS AND SCIENCE EDUCATI"

The Third International Mathematics and Science Study (TIMSS) . s rightfully gained the
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public attention. The Third International Mathematics and Science Study (TIMSS) is the largest,
most comprehensive, and most rigorous international comparison ever undertaken. During 1995
the study assessed the mathematical and scientific knowledge of a half-million students from 41
nations at three levels of schooling. In the United States those levels were 4%, 8, and 12% grades.
" The achievement results of TIMSS are reported in three reports entitled Pﬁrsuing Excellence.
Although this discussion will not describe the specific results of TIMSS, the results do form a
baseline of achievement and an answer to the question — Where are we in mathematics and
science education? The brief answer to this question is that we are not doing very well; we need

to improve.

The most encouraging results were at the fourth grade and in science. The U.S. was tied
for second among TIMSS countries on the overall science score. On mathematics our students
were somewhat above average, at fourth grade. What about eighth grade? In science our students
were slightly above the international average. In mathematics the U.S. scored below the |
international mean in almost every area. Twelfth-grade mathematics and science achievement was,
to say the least, disappointing. On' both mathematics and science our students were ;mong the
lowest scoring countries. This was also true fof the achievement of aannced students. Where are
we? In international comparisons we begin near the top and with time slowly drop to a point near
the bottom. This is not a position that the U.S. public should tolerate. The questions become —

What can we learn from TIMSS? And what is an appropriate response for the U.S. educational

system? The full story of TIMSS is detailed in numerous publications.

AN
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. We note several points about TIMSS. First, TIMSS is a collection of evidence not only
about achievement, but about different approaches to teaching (e.g., the video study), and the \
role, types, and inﬂuences of curriculum materials and teacher backgrounds. The fact that
discussions of TIMSS have a foundation in evidence —data about achievement and school
programs and practices— is both significant for the power of these international studies and
symbolic for the theme of our discussion. One reason the TIMSS reports have enjoyed so much
public atter;tion may be our scientific view that data are important to understanding the
similarities and differences of mathematics and science education in other countries. From our
perspective, inherent in'the public discussions and. educational debates about education is the need

for citizens to develop the abilities to reason using data. This is an educational aim shared by

mathematics and science education.

Viewing TIMSS results as the baseline 'from which American science and mathematics
education must develop has very real potential and some meaningful consequences. The potential
lies in what can be learned -from cross cultural comparisons, the data-based approach to |
understanding the influences on student achievement, and the role of culture on educational
systems. The extensive use of TIMSS, does, however, have some'coqsequenc;as.that we might
expect. First, and_perhaps foremost, is a paradox. In using TIMSS findings as the foundation, we
are at least using the results in a unified national perspective. Whether we explicitly recognize it
or not, comparing the United Stat'es as one nation to qther nations conflicts with the fact that we
really have 50 states and some 15,000 school districts making individual decisions about

standards, curriculum instruction, and assessment. To be clear, states and local jurisdictions
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exercise the Constitutional privilege of deciding on their educational priorities and approaches to
mathematics and science education. This situation could engage discussions about a core
curriculum for the nation. Or, the use of TIMSS for guidance could lead to deeper consideration
about data gathering processes that are customized to local use. Debates, for example in
Ca.lifomia, over mathematics and science would be an example and early indication of what could
develop on a larger scale. On the other hand, there could emerge a consensus among other states
about the essential content of the mathematics and science curriculum, effective approaches to
teaching, and the need for continuous professional development of mathematics and science
teachers. This is an example of how developing a national perspective for curriculum, instruction,

and assessment could build naturally from the school districts.

We should note a second caution, also based in TIMSS. For methodological, educational,
and economic reasons, the TIMSS achievement tests were based on a particular framework to the
mathematical and science content. These frameworks and the TIMSS released items are viewed
increasingly as “standards and assessment,” leading to assumptions that these concepts and skills
should be the content of the curriculum, and even implying a “TIMSS” approach to teaching.
Here is the second caution: TIMSS was designed to measure the state of science and mathematics
education ihtemationaliy by looking at student achievement, curriculum, at teaching, and at school
and teacher variables. TIMSS provides us with an incomparably rich and extensive set of data to
be interpreted, re-analyzed, and discussed in search of better understanding the state of science
and mathematics education. Granted, in order to test achievement, an assessment framework was

designed, a framework that needed to meet methodological, education, economic, and even
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political constraints. But, an assessment framework is not a set of standards. And, in gathering
videotape evidence about teaching, coding and analysis schemes were designed to provide

description — but these do not provide a set of prescriptions about how to teach.

Another caution about TIMSS. In our zest for simple solutions we already are seeing
examples of importing curriculum frameworks, textbooks, tests, and other educational ideas from
countries where students achieved at levels higher than in the United States. Along with
providing a general understanding of cultural differences, the TIMSS studies have shown that
there is a distinct cultural character in the curriculum and teaching in other countries. Simply
translating and importing another country’s curriculum is fraught with unintended consequences
that would, we predict, complicate the state of mathematics and science education more than it
would help.

Finally, we note that what has captured the public’s attention is TIMSS achievement
results. Although it is important, even essential to make changes in curriculum content, i.e., it
should not be an “inch wide and an inch deep,” we should recognize that a limiting factor of
student achievement may be the téacher’s understanding of mathematics and sciencé, especially as
tlﬁs understanding is combined with pedagogical strategies. The implication seems to point

directly to teacher preparation and professional development.
WHERE SHOULD WE BE HEADED IN MATHEMATICS AND SCIENCE

EDUCATION?

Many have made eloquent arguments over the years about the importance of quantitative
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and scientific literacy for the society. Jefferson observed that an informed citizenry is “the only
safe repository for the preservation. of liberty.” The content standards movement, initiated by the
National Council of Teachers of Mathematics in 1989 with its Curriculum and Evaluation
Standards for School Mathematics, and followed in science with the American Association for
the Advancement of Science Benchmarks for Science Literacy and the National Research
Council’s National Science Education Standards, holds as its central theme the importance of
science and mathematics for all students. Among the many compelling arguments for this view,
the one advanced in 1983 in 4 Nation at Risk continues to be most persuasive: “The twin goals
of equity and high quality schooling have profound and practical meaning for our economy and
socigty, and we cannot permit one to yield to the other either in principle or in practice... Our
goal must be to develop the talents of all to their fullest.” Sadly, 16 years beyond that report, the
nation still cannot claim to have made substantial gains.

Of course, even if we can achieve consensus on the principle that all citizens have a “civil
right” to high quality education in science and mathematics (broadening Robert Moses’s view
about algebra), we still face another age-old question in education: what is the mathematics and
science that all citizens should know? The debates about what knowledge is appfopriate have
ranged over decades and today are ranging over a breadth of consfituencies, including Qcienﬁsts,
educators, parents, and even the popular press. Of course there is not one right answer to “what
should students know and be able to do.” There are only well reasoned proposals, grounded in
research evidence, the wisdom of teaching practice, the history and future of the disciplines, and
in sbeculation about what will be important in the future.

In science and mathematics, when various groups attempt to describe the desired
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knowledge base, they find themselves considering proposals for:

1 what content students should know (e.g., should they know what a polar coordinate

representational system is? Should they know that plant cells contain chloroplasts,
the site of photosynthesis;

2. . what procedures students should be able to perform (e.g., should they be able to do long
division by hand with 3-digit divisors? Should they be able to use technology
improve data collection and commurﬁcaﬁons;

3. what thinking processes should students develop (should they be able to reason
deductively? Should they be able to formulate and revise scientific explanations

and models using logic and evidence?

Over the past decades, it seems that much of the debate and disagreement about the goals
of school mathematics and science have centered on the content and procedures that students
should know and be able to do. For example, should there be more statistics and less
trigonometr.y? Must students learn the binomial theorem? We propose that the more productive
place to center these discussions might be on reasoning and the critical thinking processes that
students should develop over their twelve years of schooliﬁg. They need these abilities in order to
be the productive and fulfilled citizens, savvy consumers, and productive contributors to the
economy. And mathematics and science education can provide excellent opportunities to develop

these abilities.
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Let us be clear: there is a body of basic content and procedural knowledge that will always

be central in K-12 mathematics and science education. On the day (15 March 1999) we were

preparing this testimony, USA Today reported that “just 32% of employers who hire new public

school graduates think the grads have the skills they need.” The areas under review iﬁcluded,
among other areas, basic math and computer skills. Lest we be misunderstood, we underscore the
importance of all students learning basic skills. Early in the 21* century, employers should report
that all graduates have the skills needed for entry level jobs. But, with changing technologies for
teaching, for learning, and for living, these lists of specific content and procedural knowledge
should be expected to evolve and change. Professionals in the field- mathematicians, scientists,
educators, teachers, users of science and mathematics, prospective employers — are best
positioned and most expert to make the judgments, ovér time, about the content and procedural

knowledge.

We propose here to focus on processes, and try to build an argument that would open up
thinking to a public debate and focus that moves Slightly away from the content/procedure battles. A
Consider the following, interesting pbsewation “Modern high performance work involves
problems that require sophisticated reasoning and practice, but only elementary mathematical
skills. In contrast, the mathematics that studeﬁts study to prepare for college requires advanced
skills with abstract concepts deployed in simple (and simplistic) problem situations. (Steen &
Forman, 19XX) We cannot hope to untangle this dilemma in this forum, but it suggests the utility
of focusing on what science and mathematics education may bring to students’ “ways of thinking”

and “habits of mind.” It is in science and mathematics classrooms that students can learn to



!
7
K
:

78

reason, to communicate parsimoniously and unambiguously, to assess claims, detect fallacies,
evaluate risks, and analyze evidence. These certainly might qualify as the skills of “sophisticated

reasoning and practice.”

To be more specific, consider what kinds of understanding and thinking are involved in
evaluating risks — say risks of getting cancer? being delayed in travel because of weather? If one
unpacks the notion of “evaluating risks”, it might be clear that knowing the difference between:
correlation and causation, an assumption and a conclusion, a representative sample and a biased
sample, using evidence versus opinion as the basis for decisions, or probability and certainty all
might be important in understanding risks. These are ways of thinking and elements of content

that can and should be learned in science and mathematics classrooms.

The forthcoming revision of the NCTM Standards, Principles and Standards for School
Mathematics (NCTM, 1998) emphasizes five process areas: problem solving, communication,
connections, reasoning and proof, and representations. Likewise, the National Science Educatién
Standards (NRC, 1996) emphasizes scienge as inquiry which includes among other things using
evidence and knowledge to formulate a scientific explanation, understanding and evaluating

alternative explanations, and communicating the results of a scientific investigation.
Our basic stance is that, although content and procedures are important, in fact essential,

they are the context in which students will learn to think and reason, the more productive focus in

this conversation about mathematical and scientific literacy for all is on the value added of

10
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reasoning and critical thinking that must be developed in the citizenry.

HOW DO WE MOVE IN THESE DIRECTIONS?

In this part of the discussion we take as axiomatic the commitment to high quality
mathematics and science education for all. Certainly many in the professional community that
carry out the day to day work of educating our children in science and mathematics seem to hold
this commitment and are working diligently to find the appropriate curricula, assessments, and
teaching methodologies to enact this notion. And, documents such as standards — statements of
goals established by the profession—-—are a reasonable starting pqipt for beginning conversations
about the substance of what will go on in schools. With the ongoing revisions that the
mathematics community has undertaken for its standards, which involves a wide-ranging
conversation among all interested components of the system, and the planned revisions
forthcoming in science, states and districts are able to work from these national documents to

develop the kinds of goals and frameworks that fit their unique contexts.

We certainly support the need to improve science, technology, and mathematics
education. Although not unusual or ;evolutionary, Wwe can suggest some initiative that holds
promise of improving student attginﬁen,t. The first ihree center on teachers and teaching.

) Teachers are the single most valuable resource in the highly complex educational

system. They can also be a limiting factor in the attainment of students’
mathematics and scientific understanding and abilities. So, we must provide

support for the mathematics and science preparation of teachers and for their

11
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continuing professional development.

. Teachers need curriculum materials that incorporate our best understanding of
what students should learn and how they can most effectively learn science,
technology, and mathematics. The National Science Foundation has provided
leadership in such designs for mathematics programs and while this must continue,
there is a clear need for new science and technology programs.

. Teachers need support from school administrators and the public for their work

“and effort required to help student attain higher levels of achievement in

mathematics and science.

Finally the notion of systemic change as offered by Smith and O’Day is, in our view, still
appropriate as a way to conceptualize the complexity of the kind of educational improvement
needed as we enter the 21* century. We clearly have a long way to go, and national attention to
the TIMSS findings, devices such as standards, frameworks, and even verf heated d,ef)ates aboqt
the appropriate direction for school mathematics and science, all are elements of the democratic
process. Only by maintaining focus and commitment to creating well rea.soned pro.posals for the
content, procedures, and ways of thinking that should be addressed in school, and by working to
align and enable the elements of the educational system in support of such proposals, can we

remain hopeful of making progress on these most enduring educational challenges.

Programs and resources for the continuing improvement of mathematics and science

education should include support for the ongoing learning of present and prospective teachers, for

12
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curriculum materials to be used both with teachers and with K-12 students, for research and

evaluation of efforts to improve mathematics and science education, for the development of

standards, frameworks and assessments to guide local practices.

13
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1991 and 1992, respectively.
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Joan Ferrini-Mundy
National Research Council
2101 Constitution Avenue, NW, HA 450
Washington, DC 20418
(202) 334-1467

Joan Ferrini-Mundy is Associate Executive Director of the Center for Science, ,
Mathematics, and Engineering Education and Director, Mathematical Sciences
Education Board, at the National Research Council. She is on leave from her
position as a professor of mathematics at the University of New Hampshire, where
she joined the faculty in 1983. She holds a Ph.D. in mathematics education from the
University of New Hampshire. Dr. Ferrini-Mundy taught Mematics at Mount
Holyoke College in 1982-83, where she co-founded the SummerMath for Teachers
program. She was the Principal Investigator for NCTM's Recognizing and
Recording Reform in Mathematics Education (R*M) project. She served as a
visiting scientist at the National Science Foundation 1989-91. She chaired the
NCTM's Research Advisory Committee, was a member of the NCTM Board of
Directors, and served on the Mathematical Sciences Education Board. Dr. Ferrini-
Mundy has chaired the AERA Special Interest Gi'oup for Research in Mathematics
Education. Her research interests aré 1n calculus leaming and reform in
mathematics education, K-14. Currently she chairs the Writing Group for Standards
2000, the revision of the NCTM Standards.
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NATIONAL RESEARCH COUNCIL

CENTER FOR SCIENCE, MATHEMATICS, AND ENGINEERING EDUCATION

2101 Constitution Avenue, Washington, D.C. 20418
Oz Locamion: Mitton Harris Building, Room 450, 2001 Wisconsin Avenue, N.W. Washington, D.C. 20007

Executive Office Telephone: (202) 334-2353
Fax: (202) 334-2210

17 March 1999

F. James Sensenbrenner, Jr.

Chairman

U. S. House of Representatives

Committee on Science

Suite 2320 Rayburn House Office Building
Washington, DC 20515-6301

Dear Chairman Sensenbrenner:

Attached is a summary of current federal grants and awards, which includes originating
agency, project description, and funded amount for the Center for Science, Mathematics,
and Engineering Education. :

Attachment

mnawnamduwswwmqmqmmmrmqmmmmwmqsw
1o serve g and other ixati

BEST COPY AVAILABLE

.90



86

66/91/¢

6 007

070'V29'8S
000°0E3

0zL'SLTS

000°059%

00£'08°1$
000'SLT'1$
000'LE1S
000'920'v$
000°00€$
000°0S€$

junowy
papuny

uonEoNpyg 90U puB
SONBWAYIEY Poseg-SpIepUEIS U0 aynitisu] diysiopea] ajelS

saped I[PPIN

21 Ul UOKEINPY SONBWSYIBIA UO UOHEI0AUOD) [BUOLIEN
SSIIL wol wea]

o} Sulnunuoy) :PHOM Y} PUNOIY IJUIIDS PUB SONBWSYIBIN

Burures T sONBWAYIBIA Ul S$220NG

premo] uaIpiMD [Iv SuidjsH  :Apmi§ Bunwrea] sonewaEN
K3ojouyoa] pue Suusourduyg

‘sonewsyiejy @0usiag ul uoneredald sayoes ], Sutacxdwy
suresgo1d wWNfHOLLND

20U910§ puB sonewAYBIN Sutudisa( 10j apInD) B Suidojorsg
uoBONPH J0UIIDS PUB SONBWANBI

Ul uLIoJoy paseq-SpIepuBlS 10j diysiopear] Juiplacid
§3LIaS BPUSPPY UY SPIEpUR)S UONEINPH

20ustog [euoneN ot Sunuswajdw] pus Sulpueisiapun)

SMO[[9] SA0JRNSTUIWPY VSVN

nopdpasa(g 30foiq

AAWSI - TVHIdAS TVILOLENS
YeaH Jo saymnsu] [BUOREN

/5901A13G UBWINY] PUB YIESH JO JusMedsq

uonesnpg jo yusunreda ‘SN

uopeonpg jo Juawuedaq ‘SN

UONEBPUNO ] 30UdI0S [BUOHBN
uolEpUNO, 93USIOS [BUOLBN
UOIJEPUNO,] SOUIIOS [BUOHBN
UOHBPUNO] 2USIDS [BUOHBN
uonENSIUIWDY 298dS PUB SOHNBUAIIY [BUONEN

UONENSIUIWDPY 308dS PUB SONNBUCISY [BUONEN

Josuodsg

UONEINPJ JUJI20UISU] PUE SIPEURYIEA 2IUIDS J0) JAIUI)

SpIBMY pUE S)UBIS) [BIIPI] JUILIND) Jo Arsmimng

31




87

RESPONSES TO FOLLOW UP QUESTIONS
Dr. Rodger Bybee
Dr. Joan Ferrini-Mundy
National Research Council
July 16, 1999

1. Since we know that intellectual development follows from the learning of math and
science, should we emphasize these subjects in the earliest years of learning?

It is crucial to emphasize mathematics and science from the earliest years of learning.
Very young children are naturally inclined to think and behave in mathematical ways. They
observe and are attracted to patterns; they make distinctions among colors, shapes, and objects;
they sort and classify; they discriminate among small numbers of objects; and they count.
Activities and learning opportunities in the home and in early childcare settings can build easily
on, and expand, these inclinations in ways that provide a strong foundation for formal schooling.
At these early ages children tend to enjoy mathematical activities that extend their experiences
and that draw naturally on the contexts in which they live.

As for early scientific knowledge and ways of thinking, children are naturally curious
about their environment. Their curiosity leads them to physical and mental interaction that
naturally supports development of ideas about the world, for instance spatial relations, relative
time, and cause and effect. Such ideas form the basis for reasoning and logic in mathematics and
science, as well as in other subjects, and help students form explanations about their encounters
with the world in general.

2. Is it necessary, or advantageous, to expose students to the complexities of math and
science in the early years to attain the benefits, or are more simplistic demonstrations
sufficient to introduce them to the underlying principles? .

It is important in the early years for children to have opportunities to acquire a strong
foundation in several areas of mathematics and science. These subjects are complex and
cumulative, and in order to reach deep understanding across a range of areas within each by the
end of secondary school, curricular trajectories that are based on a strong early foundation need
to be developed. .

In mathematics, children are naturally inclined to count, perform simple computations
about interesting problems in their worlds, find and build patterns, and sort and categorize.
Quality mathematical experiences for young children will be most possible in environments that
are rich in language, encourage children’s own thinking; and nurture children’s explorations.
The mathematical ideas that are accessible to children in the early years are actually quite
comiplex. Any first grade teacher who is helping children transition from “counting all”” to
“counting on from the larger number” in performing simple additions will acknowledge that, for
children, the mathematics of early number is rich and complicated. The important point is that
this early instruction should be meaningful for children; should build on what they know, and
should only emphasize terminology that is useful and procedures that are understood. In
addition, young children need experiences in mathematics beyond number and arithmetic, to
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include early concepts in geometry about shape, early algebraic ideas such as pattern and
variable, and experience with measurement and recording data. These areas of mathematics are
fundamental, but not easy to teach and learn.

In science, it is certainly advantageous to involve students in diverse experiences that
establish the basis for understanding the concepts of science. Children’s natural curiosity is
evident in their ever-present questions of “Why” “ How” and “What if.” In formal settings such
as school classrooms, careful structuring of experiences can lead to the eventual development of
scientific ideas such as the particle nature of matter, cells as basic building blocks of living
organisms, photosynthesis as a life process in green plants, conservation of matter and energy,
the forces and dynamics that shape Earth, and the motions of Earth in the solar system. Too
often however, there is a rush to provide technical vocabulary before students have developed
the basic understanding for such important, but abstract, scientific ideas.

3. Within the context of today’s classrooms, what are your suggestions for how to
apply what we know about learning science and mathematics?

Research in teaching and learning has provided a substantial base of information upon
which teachers, curriculum developers, and policy makers might draw to improve school science
and mathematics education. There is much guidance available about the conditions under which
children can effectively learn mathematical and scientific concepts, about the need for active
engagement by students, about the need for teachers to build upon student understandings and
about the importance of helping students connect ideas.

Unfortunately, this research base has not effectively made its way into practice. Teacher-
education programs, both preservice and inservice, draw upon and acquaint teachers with ideas
from research, ‘Likewise, curriculum materials could be developed with more consideration of
what is known about children’s learning.

In brief, the ways and means of applying what we know about learning science and
mathematics center on establishing clear goals for the subjects, developing instructional
materials that apply principles of learning to the designing of those materials, assuring
appropriate implementation of the materials through professional development of teachers, and
formally, achieving public support for the aforementioned materials and professional
development.

4. Based on the consensus that we should develop and foster math and science skills in
our children, what are the short-term and long-term implications for current school
science and mathematics programs? :

Higher expectations about what students should know and be able to do in science and
mathematics, as well as who should have opportunities to learn this science and mathematics
content, are critical. Documents such as national standards offer well-reasoned proposals for
what students should know. The emphasis of standards documents on all students also is critical.
The short-term implications involve the continuing development of high quality curricula that
will provide opportunities to learn significant science and mathematics content. The longer-term

Bybee & Ferrini-Mundy Response 2
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challenge is the overhaul of the teacher education infrastructure, both preservice and inservice,
that is necessary to support teachers to help all students move in these new and ambitious
directions.

s. What aspects of teaching science as a mode of inquiry and mathematics as a
problem solving exercise may be beneficial to students beyond their coursework?

The clearest and most direct way to respond to this question‘i”’s by listing in detail the
modes of inquiry and emphasizing the specific underlying emphasis on critical thinking and
reasoning that pervade inquiry as described in the National Research Council’s (NRC) National
Science Education Standards. As you review these following standards note the thinking that is
either explicitly stated by words such as analyze, interpret and think critically and logically; or
implied in processes such as identify, question, design (scientific investigation), use appropriate
techiiques, develop descriptions using evidence, recognize alternative explanations, and
communicate procedure and explanations. '

Content Standard A: Science as Inquiry
As a result of activities in grades 5-8, all students should develop

Abilities necessary to do scientific inquiry

Understanding about scientific literacy :

- identify questions that can be answered through scientific investigations

- design and conduct a scientific investigation -

- use appropriate tools and techniques to gather, analyze, and interpret data

- develop descriptions, explanations, predictions, and models using evidence

- think critically and logically to make the relationships between evidence and
explanations

- ., recognize and analyze alternative explanations and predictions

- communicate scientific procedures and explanations

- use mathematics in all aspects of scientific inquiry

National Science Education Standards, National Research Council, 1995, pp.
175-176 ‘

In mathematics, the problem solving and reasoning standards that have been provided by
the National Council of Teachers of Mathematics (NCTM) offer a set of expectations,
appropriate from pre-kindergarten through grade 12. Consider how elemerits of these
standards— represent, abstract, generalize, investigate—can apply in contexts beyond
mathematics. :

Bybee & Ferrini-Mundy Response



Mathematics instructional programs should focus on solving problems as part of understanding
mathematics so that all students— '

build new mathematical knowledge through their work with problems;

develop a disposition to formulate, represent, abstract, and generalize in situations within and
outside mathematics; .

apply a wide variety of strategies to solve problem and adapt the strategies to new situations;
monitor and reflect on their mathematical thinking in solving problems.

Mathematics instructional programs should focus on learning to reason and construct proofs as
part of understanding mathematics so that all students—

recognize reasoning and proof as essential and powerful parts of mathematics;
make and investigate mathematical conjectures;

develop and evaluate mathematical arguments and proofs;

select and use various type of reasoning and methods of proof as appropriate.

Principles and Standards for School Mathematics:Discussion Draft, 1998, p. 49.

6. What are the implications for support from federal agencies, such as the NSF, U.S.
DOEd, NASA, NIH?

Appropriate support from federal agencies falls into several domains. First, there is a
need for increased support for research about student learning, and transfer of skills and thinking
from mathematics and science to other general areas. Second, there is a need for support for the
design and development of instructional materials that exemplify what is known about teaching
and learning and what are commonly understood to be basic mathematical and scientific
concepts and processes. Third, support for studies about teaching and teacher learning, for the
professional development of teachers (preservice as well as inservice), and the complementary
task of implementing instructional materials in school science and mathematics programs, is - .
needed. Finally, there is a very real need to coordinate these efforts among the federal agencies.
A combined and coordinated effort could make a significant difference in the primary goal -
student learning of science and mathematics.
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Questions from Democratic Members

1. 'What kinds of federal education programs could make a significant contribution to
assisting state and local school systems with the implementation of science and math
standards? '

Federal education programs of three different types would be useful to the
implementation of science and mathematics standards. Most importantly, programs designed to
support and improve the teacher education infrastructure are critical. Currently, preservice
teacher education approaches are tremendously varied and not necessarily grounded in any
particular theoretical or research-based perspectives. Nor are they necessarily tailored to prepare
teachers to use their content knowledge in teaching. Further, the system for the continuing
education of teachers is fragmented across higher education, local school districts, commercial
textbook publishers, independent contractors, and others. There are not widely used frameworks
to guide any sort of development in teacher learning over the career, or to help providers of
inservice education share and build upon one another’s work. The concept of “curriculum for
teacher education” is underdeveloped in this country. We tend to work on old and overly
generalized assumptions about effective teacher education (summer institutes are good, more
content knowledge is the best emphasis), and lack the research that might support different
conceptualizations of where and how teachers learn (including from their own practice as
teachers.) Further, there is very little systemic research that examines the effectiveness of various
teacher education approaches upon teacher learning, or ultimately, upon student learning. And,
until the nation can be much more systematic and effective in the preparation and continuing
education of teachers, there is little chance that teachers will have the capacity and knowledge to
implement the ideas put forth in standards in a comprehensive way that improves student
learning.

Secondly, continuing support is necessary for the development of standards-based
curriculum and assessment materials, coupled with ongoing work in teacher education. Until
school district decision-makers, and teachers, have access to a wide enough range of interesting
and useful curricula, major shifts in the directions of standards are unlikely to occur. Evaluation
and research that examines the utilization of instructional materials also is necessary.

Finally, the continued support of efforts at systemic change, including the alignment of
curricula, pedagogy, and assessments, and with support and agreement among all elements of the
system, including parents, school decisions makers, and policy makers, there is a chance that
significant improvements in science and mathematics education can take effect.

2. Relative to impact on implementation of standards, are there j)articularly good, or
bad, examples of federal programs? Are the federal programs effectively
coordinated?

-

In mathematics there are several programs of instructional materials, many of them
federally funded, that have been quite highly rated relative to NCTM standards and American

Fﬁf Association for the Advancement of Science (AAAS) Benchmarks. (See the review by the
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AAAS Project 2061.) According to reviews, instructional materials in science have not realized
the comparable strength of mathematics programs. However, standards and benchmarks for
science have not been available for enough time to make a fair evaluation. And, many
evaluations are based primarily on analysis of the content of the materials, rather than on the
effects and uses of the materials in classrooms.

Concerning another level of “programs”, the National Science Foundation’s efforts on
systemic initiatives (e.g., state, local, urban, and rural) hold great promise, but the next phase
should address issues of implementation of instructional materials and professional development
both based on national and state standards. In brief, the idea of a systemic approach to improve
mathematics and science education is excellent. Systemic reform requires time (more like
decades rather than years), there must be continuous efforts that change and adapt as the
educational system changes, and resources must be included to allow for study of the system.

In general, federal programs to further the improvement of mathematics and science
education could benefit from increased coordination and more consistent perspectives and
messages. Such coordination is difficult unless the agencies involved are able to hire adequate
numbers of senior program staff with deep expertise in science and mathematics education.

3. A difficnlt aspect of implementing the math and science education standards is
translating them into the materials needed for classroom instruction.

This observation is accurate. This process is particularly difficult when one reviews
national, state, and local standards and considers issues such as the time, financial support, and
expertise to develop and implement materials at the local level. Based on the issues presented in
such reviews and experiences, it seems appropriate to support development of new materials by
professional groups who do this. Groups of university-based experts, as well as organizations
specializing in curriculum development (e.g., the Biological Sciences Curriculum Study (BSCS),
Education Development Center (EDC), Lawrence Hall of Science (LHS), National Science
Resources Center (NSRC), and TERC. In addition, there is a need to attend to the “pipeline” of
professionals who have expertise and inclination to pursue instructional materials development.

4. What is the availability of textbooks and other edncational materials that conform
to the math and science standards? ‘

Deciding whether textbooks or materials “conform” to mathematics and science
standards is very complicated. As soon as the 1989 NCTM standards were released, the tables of
contents of new editions of commercial textbooks immediately included the topics addressed by
standards. The same is true for science textbooks released after 1996 when the NRC standards
were published. However, standards not only promote attention to specific content areas, they
emphasize approaches to that content (such as emphasis on making meaning and learning with
understanding), pedagogical approaches, and important thinking processes (problem solving,
reasoning, inquiry, etc.). Gauging whether instructional materials are consistent with standards
is almost impossible apart from understanding the context in which teachers and students use the
materials. Nonetheless, a number of organizations and agencies (U.S. DOEd, AAAS, NRC, etc.)
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have attempted to provide materials that either make judgments about alignment or offer
guidance to decision makers for how to judge alignment and quality.

Given all this, the-general finding seems to be that there are few materials that are found
to conform well to standards. Many of those that do tend to be innovative, developed with
federal funds (e.g., NSF, NASA, NIH), and unfortunately, these programs are not necessarily
widely adopted and implemented.

S. Is there any mechanism through which educational materials, which are claimed to
conform to the standards, are formally reviewed and tested for the benefit of school
administrators and teachers, so that they can select the best available materials for
use in the classroom?

As indicated in the previous response, there are now processes for evaluating the content
of instructional materials for their alignment with standards. However, a major flaw in these
processes is their failure to include a means of measuring the context in which materials will be
used. Variable such as: teacher readiness, teacher content knowledge, community expectations,
relationship of materials to high stakes state or local assessments, experience of children,
administrative support, available materials and resources, etc. all are likely to be critical to the
effective implementation of instruction materials. So, materials that are “standards-based” can
be used in very “non-standards-based” ways, and conversely.

Several groups (e.g, DOEd, AAAS) are reviewing instructional materials against
standards. These reviews will be quite helpful to the education community. In addition, with
support from a private foundation (Woodruff) the NRC will complete and disseminate a guide
for the review and selection of materials for science programs. That guide should be available
early fall of 1999.

6. What has been the record of success in translating the finding from cognitive science
into practical materials and pedagogical approaches for use in classroom instruction
in science and math? :

The short answer is—not much. Although this sounds like an idea that makes sense, in
actuality the content and pedagogy of school programs is dominated by the requirements of state
frameworks and criteria for adoption of instructional materials. Very little attention is paid to the
findings from cognitive science. Recent publication of the NRC report, How People Learn, may
have some influence on instructional materials, but the probability of this is low in spite of the
quality of the NRC report.

7. In general, are most new educational materials being developed for science and
math instruction consistent with what is now known about childhood cognitive
development? Is collaboration usual between the materials developers and
researchers in psychology?

C
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Most mathematics and science materials are developed with a general recognition of the
cognitive development of children. This is largely based on the emphasis given Jean Paiget’s
views popularized in the 1960s and 1970s. Actual collaboration between curriculum developers
and psychologists is rare. However, review of instructional materials and input by cognitive
psychologists is quite common.

8. A recent RAND report on educational technology commissioned by the Office of
Science and Technology Policy recommends greater federal investment in pre-
competitive multimedia educational software R&D to help overcome market
disincentives faced by software vendors that has resulted in a deficiency in content-
based educational software. How would you characterize the quality and
availability of educational software and other technology-based educational
materials?

o I there a need for a systematic process for assessment of educational materials
and a central clearinghouse for the distribution of the most effective materials?

o Is more effort needed on dissemination of information about best teaching
practices?

Relative to the first point, there may be a need for systematic assessment of materials,
particularly multimedia educational software, and a central clearinghouse for distribution. One
must guard against any approach that suggests a national curriculum, however, and be realistic
about the difficulties in determining what is “most effective.” In practice, a “Consumer Reports”
type resource that looks at instructional materials might be very useful. Responding to the
second point is easy — yes, the process, especially an effective process, that reaches teachers’
presents a challenge.

References

National Research Council. 1995. National Science Education Standards. NRC:
Washington, DC.

National Council of Teachers of Mathematics. 1998. Principles and Standards for
School Mathematics: Discussion Draft. NCTM: Reston, VA
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TESTIMONY FOR THE HOUSE SCIENCE COMMITTEE, MARCH i7, 1999

AMY KASLOW, SENIOR FELLOW, COUNCIL ON COMPETITIVENESS

Never before has the appearance of working America been so
deceiving. Payrolls have hit record highs and the unemployment
rate is the lowest it’s been in decades. But the reality behind
the numbers is troubling.

An acute skills shortage in every part of the country threatens the
foundation of American competitiveness. While debate rages on
about the K-12 dilemma, the inadequacies of American schooling are
inescapable in the RAmerican workplace, where too few people have
learned how to learn.

By that I mean too many new gdgraduates, would-be workers, and
existing employees cannot read or do simple math, two essentials
for adapting to new tasks and meeting market demands. Remedial
education has become the norm, not the exception. And that’s
before any training can occur.

The "haves" and the "have nots," or the widening skills and wage
gaps among US workers, have taken on more complicated meanings.
There is a premium on new entrants who possess the skills necessary
to land positions. There’s an equally high value put on incumbent
workers who are savvy enough to upgrade their skills for ever-
changing demands. The flip side, of course, is the penalty for
those who fail to measure up. :

In our two-year search for best practices that help bridge the
gaps, the Council on Competitiveness drew upon experts and
practitioners in the training field, and we hosted many meetings in
Washington, where decisions about workforce training once
originated. But recognizing that problems and solutions are
locally based, our research team moved around and covered a wide
swath of the country.

We listened to people. We met with CEOs and managers from the
modest start-up firm to the multinational, who typically reject the
vast majority of job applicants -- upward of eighty percent --
because they fail to meet the most rudimentary standards. We
logged many hours on the factory floor, meeting with organized
labor and non-union workers, some of whom shared their fears of
further training and others their triumphs in re-tooling their
skills. We sought out the most cutting-edge educators, including
community colleges, vocational training centers, and corporate
universities, where workforce preparedness is big business. We
captured some of the most dynamic work at municipal offices where
professionals are dedicated to matching skills with employer needs.

Our findings are by no means exhaustive, but they are strongly
indicative of the depth and scope of a pressing national concern.
We fully appreciate the need for strong analysis, backed by sound
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data. But we’ve tried to put a human face on a challenge that is
urgent, and too often viewed as an abstraction.

The problems and potential solutions are not limited to any
particular place or time. Nor are they restricted to one level of
the workforce, or to one specific business. The issues are very
real across the spectrum.

In the Midwest for example, business has been booming and skilled
labor is nowhere to be found. A major employer in Milwaukee, the
automation firm Allen-Bradley, is working against time because
within ten years, eighty percent of its employees will retire. The
greying of the national workforce has produced a massive
requirement to replace a generation of skilled wage earners that
will reach retirement age by 2005. To avoid their own contraction,
companies like Allen-Bradley have been scouring both local and
distant schools to find qualified new entrants. This fixation on
meeting current labor needs has become management’s most absorbing
responsibility.

In parts of the Sun Belt, populations are growing at staggering

rates. US West communications has been unable to meet service

demands in Arizona, Colorado, and Nevada, where many newly-built
homes have no access to telephone service. With an infrastructure
originally designed to meet the needs of a small, rural population,
US West cannot keep pace with today’s construction rate. Companies
like US West, ever-more advanced technologically, are hard-pressed
to train, hire and retain a whole range of workers in one of the
nation’s most competitive industries.

Nowhere is the bidding war for skilled technicians hotter than in
California’s Silicon Valley, where some.eighty percent of the jobs
require specialized learning and basic technical knowledge. Skills
are particularly prized because of the constant churning among
existing workers who jump to new job opportunities. Local
community colleges are among the best-equipped schools to tailor
training programs needed to transition workers from one job to the
next. Whether the courses are conducted on-site, at corporate
headquarters and plants, offered at the school campus, or available
on-line, the 1learning process is geared toward immediate and
practical application in the workplace. The most progressive, and
the most successful firms use this "just-in-time" learning.

The scramble for workers is just as intense in the entertainment

- industry, where the skills requirements are less rigorous than the

tech industry, but just as tough to come by. Service sectors in
areas like Orlando, Florida must satisfy massive and immediate
hiring needs. Rapid turnover only exacerbates problems for Walt
Disney World Company and Universal Studios, the area’s two major
employers drawing from the same shrinking pool of workers. Like
other areas across the country, Orlando’s supplier firms and other
small businesses that service or have grown as a result of the big
companies’ expansion, are losing the fight for the very same
workers.

101
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Complicating these developments are a set of trends that will only
intensify in every sector of the economy:

+ Information technology is a defining feature of the American
workplace, adding computer literacy to the list of basic skill
requirements and generating even more demand for workers.

* Global competition is not just a challenge from overseas, it’s
right in our backyard. Well-trained foreign workers abroad lure
increasing numbers of American companies to set up shop outside US
borders. ‘'But foreign workers who are "imported" to the US
underscore just how essential skills are to worker marketability.
And they reveal how the ill-equipped American worker is at risk of
being cast aside for the international with know-how.

* Over the next five years welfare reform will move several million
mostly unskilled Americans from public assistance to entry-level
jobs. Without adequate preparation, they will only add to the
ranks of the un-employable.

You asked for a‘brief outline of the problems. The Council'’s
report, "Winning the Skills Race," which I'd like to submit for the
record, draws upon a much richer set of examples than I was able to

mention here. But more to the point, we have documented
innovative, collaborative efforts -- between employers, workers,
educators, and government -- that have boosted the skills, and

ultimately the income, of American workers. When you are ready to
consider solutions, we strongly recommend that you take a look at
these collaborations. They very clearly lead by example.

Thank you.
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AMY KASLOW

Amy Kaslow is an . independent prlnt and broadcast journallst
reporting on international economic developments.

Ms. Kaslow is a regular contributor to Marketplace, the top
business and economic program on National Public Radio. Her series
span a broad range of toplcs, such as the post-war reconstruction
of Bosnia, funding the arts in Russia, the prlce of NATO expansion,
Asia’'s financial crises, the volatile emerging markets, and the
advent of the Euro.

Since May, 1996, Kaslow has been a senior fellow at the Council on
Competltlveness in Washington, D.C. where her focus has been on
economics and employment. She is author of "Winning the Skills
Race" (published 1998), the culmination of two years. of research
and field work on the income and skills gaps among American
workers. In January, 1999, "Winning the Skills Race" helped
provide the framework for the White House Summlt on 21st Century
Skills for 21st Century Jobs.

Kaslow has reported and written extens1vely on unemployment caused
by downs121ng, trade, and technological change.

As a member of the Aspen Instltute Young Leaders Program, she and
a group of public policy makers, academics, and economists spent
two years probing the problems of joblessness in the world’s
richest countries and developing prescriptions for change.

Under the auspices of the Washington-based Center for Strategic and
International Studies, she co-authored a study on international
labor issues for the 1994 Group of Seven Jobs Summit in Detroit.

She has published features and opinion pieces in the Wall Street
Journal, The Washington Post, The Journal of Commerce, The
International Economy,. The Middle East (London), Institutional
Investor (New York), World Monitor Magazine, International
Development Réview, CEO Magazine, Durrel’s Money and Banking
(Virginia), The Washington Quarterly, and other publications. She
has been a regular contributor and editorial board member on Europe
Magazine and Middle East Insight.

Her radio broadcast work includes commentary and reporting for
Australian Broadcasting, Austrian Broadcasting, the BBC, Canadian
Broadcasting Corporation, The European Report (Radio Features
Corporation), Monitoradio, National Public Radio, Public Radio
International, Radio America, and The Voice of America.

Her television appearances include The NewsHour with Jim Lehrer,
CNBC, C-Span (separate programs on Iraq, the former Soviet Union,
the US economy, the Clinton administration, Mexico and NAFTA, ,
etc.), and a variety of cable and foreign broadcast shows.
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AMY KASLOW

She addresses economic, labor, and media issues before an
assortment of groups, including high school, university, and
graduate students, think tanks, business organizations, and
government agencies.

She has spent concentrated periods of time reporting from the
Middle East (with special emphasis on the West Bank and Iraq),
North Africa, Russia, the Balkans, Central, Eastern, and Western
Europe, and Polynesia.

From 1989 to 1996, Kaslow was the lead economic correspondent for
the Christian Science Monitor, covering the wide array of issues
related to money. Her stories ranged from the cost of crime in the
United States to the price of the former Soviet Union’s disastrous
environmental policies. She also reviewed the visual arts,
theater, and music for the paper.

Before Jjoining the Monitor, Kaslow was managing editor of
International Media Partners (IMP), the New York-based firm
publishing daily newspapers at meetings of the International
Monetary Fund and the World Bank, the African Development Bank, the
Asian Development Bank, and the Inter-American Development Bank.
With IMP, she also edited a quarterly magazine on international
development economics.

Ms. Kaslow wrote and edited for Institutional Investor and MidEast
Report. She co-authored a sociological history guide to Israel and
the occupied territories (Houghton Mifflin) contributing chapters
on the West Bank and Gaza Strip.

This year, Ms. Kaslow will participate in the Brookings Institution
US-Italy leaders program, and examine trade, finance, and security
issues with American policy analysts, political 1leaders, and
journalists, along with their European counterparts.

She is currently co-authoring a book on the plight of refugees
before the Iron Curtain was raised in Eastern Europe and the former
Soviet Union. It is both a reflection on the past several decades
when international intervention peaked, and a look ahead to the
future.

Kaslow is listed in the latest edition of Marquis’ Who's Who in
American Journalism, and Who’s Who Among American Women.

A native of Washington, D.C., Ms. Kaslow attended the Holton-Arms
School. She earned an undergraduate degree from Vassar College,
where she studied politics and religion. She has pursued graduate
work in Middle Eastern affairs both abroad and at the NYU-Princeton
University Program for Near Eastern Studies.
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TO: THE COMMITTEE ON SCIENCE
HOUSE OF REPRESENTATIVES

FROM: AMY KASLOW
SENIOR FELLOW
COUNCIL ON COMPETITIVENESS

RESPONSES TO FOLLOW-UP QUESTIONS FROM MARCH 17, 1999
HEARING
"Why and How You Should Learn Math and Science"

Responses to the questions from Republican members
Question One:

I am not sure whether anyone can quantify the exact amount of time it will take for the
United States to have an adequate supply of sufficiently trained employees, because US
industry is in a constant state of flux and the pool of would-be and incumbent workers is
fluid. While it may be easy to determine future needs from what we know now, even
unpredictable but near-term industrial innovations and international competition could
greatly alter the demands and the timetable.

What is certain and obvious is that if we embrace the skills challenge immediately, we can
expect fewer and perhaps less dramatic shortfalls in the future. We've seen a number of
ways to boost workforce preparedness. Indeed, these measures will consume time and
resources.

We've distilled the following eight principles from our two-year study:

1) No single business, group of workers, educator, or government agency can tackle the
training challenge alone;

2) All parties must buy into training for it to be effective; each player must have an up-
front stake in designing and instituting continuous learning;

3) Effective training requires that all parties do their part; employers must provide learning
opportunities, workers must devote the time and energy to learning, and schools must

teach marketable skills; :

4) Education and training are not ends unto themselves; rather they are essential means for
creating worker employability, upward mobility, and skills portability;

5) Learning helps accomplish worksite goals when it is convenient and available in smaller,
more targeted increments;

10R
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6) Advances in technology-based learning are making education and training more
accessible;

7) Performance measurement makes training more valuable by increasing accountability
and transparency;

8) Training for the short-term is not sufficient; workforce preparedness requires thinking
ahead, anticipating change, and taking action now.

Please refer to the accompanying report, "Winning the Skills Race," for a fuller
explanation and anecdotal development of these important principles.

Question Two:

Quite simply, basic skills in math and science go a long way toward the readiness of
workers to absorb new skills. It all boils down to their ability to learn how to learn.

For specific anecdotal evidence on the entertainment and hospitality industry (evidence
that can be generalized to the entertainment industry at-large and beyond that to the
American workforce at-large), please see our attached report, "Winning the Skills Race."
You'll find a rich discussion on Orlando (Disney University, Valencia Community College
sections), where a cluster of entertainment industries (and their suppliers) are competing
for a very limited number of workers. ' '

An invaluable resource on local, state, and national dimensions of this issue is Susan
Kelley, vice president, Resource Development and Governmental Relations, Valencia
Community College, 190 South Orange Avenue, Orlando, Florida. Telephone: (407) 299-
5000 ext. 3410.

Because there is a tremendous amount of churning among entertainment and hospitality
workers, there is a strong reliance on new entrants to the labor market. Michael Poole, an
Orlando investment bankers who's chairman of Florida's Work and Gain Economic Self-
Sufficiency program (a non-profit that administers the state's welfare-to-work program)
may provide some insights into how best to build the skill base among the currently
unemployable. Equipped with basic literacy math skills, for example, these ranks of
unemployed could move into entry-level positions in the entertainment and hospitality
industries, and broaden their skill base on and off the job.

Question Three:

Basic analytical skills are those most lacking in recent graduates -- and that includes GED
recipients to students who have managed to make it through four-year institutions. The
real issue here is that math, science, and literacy skills are sorely lacking. Without that
very important base, it's very difficult for a worker to learn WHY and HOW he/she is
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performing a certain task, and practically impossible to develop a more efficient way to
accomplish it.

The most shocking discovery is the one I mentioned during my testimony. The vast
majority of new hires (and a significant portion of incumbent workers), regardless of
industry, region, or education level, requires some level of remedial learning. Given the
shortage of skilled workers, business increasingly bears the burden to give workers the
basic tools to do a job.

Training requirements have far-outpaced the capacity of firms to respond. There is plenty
of data to show that training pays off, but the training expenditures per worker fall far
short of what is needed. Companies tend to do job-specific training geared toward the
bottom-line of company operations. So while companies routinely invest in computer
training, for example, a very small percentage actually offer formal training in basic
reading, writing, arithmetic, and English language skills. This, despite surveys that show
fifty percent of employers say their workers are deficient in those basic skills.

Companies in the United States are spending more on training than ever before (although
the numbers of companies/higher amount of training per employee are biased toward the
leading-edge firms), but there is a big disconnect between what the company with
resources (typically the large corporation, but also the capital-rich technology firm) can
spend and what the small or mid-sized firm can muster toward training and continuing
education. There is a disturbing paradox: technology is generating a huge demand for
skilled workers, but companies spend ten times more on beefing up their technological
capabilities than they do their human resources.

For a broader discussion of this issue, see "Winning the Skills Race," pp. 30-47. A copy
of the report is attached.

One of the most eloquent speakers on this subject is Charles A. Roberts, vice president of
Total Quality Management, Ames Rubber Corporation, 23-47 Ames Boulevard, Hamburg,
New Jersey, 07419. Telephone: (201) 827-9101. His information is fresh and his analysis

is sharp.

Also, the American Society for Training & Development just released an excellent study
"The 1999 ASTD State of Industry Report". '

Responses to questions from Democratic members

Question One:

In many parts of the country, community colleges are the centers of learning proving most
responsive to private sector needs. There's a good reason for this: they have their own
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bottom-line to worry about, and must ensure their own relevance by providing a reliable
pipeline of workers.

These schools are literally capitalizing on skills shortages (and ultimately helping to
redress them) by designing courses, work-study, and field experience to meet the ever-
changing demands of industry. And perhaps more than any other type of academic
institution, community colleges know the value in shortening the learning cycle and
transforming students into workers with skills as soon as possible.

Increasingly, community colleges, once known as junior colleges or two-year institutions,
are issuing degrees within one year, even six months, of successful completion of course
work. Students are encouraged, if not expected, to return for continuous education, but
the pressures of their own income requirements coupled with industry needs means that
more and more students are entering the workforce faster, and with a purpose. They are
armed with enough skills to land jobs that will soon command their return to the
classroom (conventional or not) for even more know-how.

Exemplary institutions:

Valencia Community College in Orlando is a trail-blazer as a performance-based
institution because it tracks its success rate in placing graduates into jobs (and looks at
graduates' staying power in the workforce, years after they graduate). The better the
placement numbers, the more qualified Valencia and other Florida state schools are for
government funding.

Penn College of Technology has turned a potential problem into a lucrative business.
Despite its remote, rural location in Williamsport, Pennsylvania, Penn College has secured
partnerships with some of the world's major companies. The school is a major draw to
Pennsylvania residents who are anxious to join the workforce with a marketable skill as
quickly as possible. The courses, from culinary arts to automation, are grounded in basics
(math, science, literacy reinforced) and highly practical. Firms are so convinced of the
school's ability to train workers, they are willing to donate technical support, software, and
other training materials (from cars to planes) for general learning.

Technical Vocational Institute (TVI) in Albuquerque, already New Mexico's largest
community college, is staying in business by generating tailor-made programs for high-
growth industries. These firms are hard-pressed to find workers in a state where welfare-
dependency, high school drop out rates, and illiteracy rates are way above the national
average. The fast-expanding health-care services, including New Mexico's hospitals and
*HMOs, are constantly searching for a wide variety of technically-skilled workers. TVI is
providing niche workers, such as respiratory workers, but it is also targeting a virtually
untapped market for retraining: the unskilled and minimum wage workers stuck in dead-
end jobs.
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TVT's priority is accessibility: the administration holds costs down, keeps enrollment open,
holds classes at all hours, and provides counselors on hand to provide support. Given the
growth in the aging population and the rapidly increasing demand for healthcare, TVTI's
success is a good bet. Like Penn College, TVI has engendered confidence among
industry, and many firms have supplied costly equipment for training tools, such as state-
of-the-art computerized systems that simulate respiratory failure. The clinical simulations
help students to refine their critical thinking and decisionmaking skills.

Question Two:

Our entire report, "Winning the Skills Race" is a documentation of innovative,

: collaborative efforts among employers, workers, educators, and government to boost the

e skills of American workers. In it, we define the stakes, the players, and successes in the
field. We identify coalitions, and define how and why they work.

Throughout the 86 pages of anecdotes and analysis, you will find many examples of
government programs, initiatives, and involvement, and accompanying assessments of
their effectiveness. See pages 40, 41, 42, 43, 51, 52, 53, 59, 64, 67, 69, 77, 82, 83 for
specific municipal, state, inter-state, and federal government participation. We highlight
some of the best government players in public-private sector coalitions.

A copy of "Winning the Skills Race" is attached.
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RESPONSES TO QUESTIONS THREE, FOUR, FIVE, AND SIX WILL ARRIVE
- SHORTLY BY E-MAIL FROM MARSHALL BERMAN, EXECUTIVE DIRECTOR,
NATIONAL INNOVATION INITIATIVE, COUNCIL ON COMPETITIVENESS.

*****************************************************#*******

Questions from Democratic Members of the House Science Committee
Submitted by
Dr. Marshall Berman
Executive Director
Council on Competitiveness
1401 H Street, NW
Washington, DC 20005

and member of the
. New Mexico State Board of Education

May 11, 1999
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Thank you for the opportunity to provide testimony on your hearings on “Why and How
You Should Learn Math and Science.” 1 have a Ph.D. in Physics and 34 years of
experience at Sandia National Laboratories and in the aerospace industry. I appreciate the
depth and quality of your questions, and apologize that I have had -only one day to prepare
my response. 1 would be pleased to provide additional information in the future.

What kinds of federal education programs could make a significant contribution to
assisting state and local school systems with the lmplementatlon of science and math
standards? :

High quality standards are the key first step in meaningful education reform. Once
developed, these standards must be disseminated to the teachers and accepted by them;
the teachers then need to be adequately trained on the content, if standards-based
education is to succeed. Instructional materials need to be aligned with those standards, as
well as the assessments. Almost all states have chosen to develop their own standards,
rather than adopt national standards in science and math. State standards range in quality
from very good to very poor. These state-to-state variations can lead to inefficiencies, and
misalignment with textbooks and tests. National science and math standards were
developed by teachers, scientists, and mathematicians, and are not federal standards.

An appropriate role for the federal government would be to strongly encourage states to
adopt these national standards, or at least to insure alignment between state and national
standards to reflect the international character of the subject matter and to allow
meaningful achievement comparisons on nationally-normed tests. Testing organizations
should be encouraged to develop test items linked to those national standards. States that
choose to deviate from nationally accepted standards might Jeopardlze the measured
performance of their students compared to other states.

Another potentially valuable federal effort would involve funding research to address the
following areas: provide information for benchmarking standards, assessments,
instructional materials, and accountability systems; based on outcomes — i.e., student
achievement — provide information on which states have developed the best professional
development programs tied to standards. This funding could be provided to respected
national organizations of math and science -professionals, professors, and teachers who
would perform the studies and publish the results.

Relative to impact on implementation of standards, are there particularly good or bad
examples of federal programs? Are the federal programs effectively coordinated?

The Technology Literacy Challenge Fund has been successful. Statewide professional
development grants from the U.S. Dept. of Education for integrating technology into the
learning process for achieving standards have proven valuable. In New Mexico, the
project is called Regional Educational Technology Assistance (RETA).
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The NSF-sponsored Collaboratives for Excellence in Teacher Preparation appear to be
making progress so far.

There appear to be many programs funded by DoEd, NSF, DOE, NASA, etc. that address
science and math education. Improved coordination among federal math and science
programs is essential. The NSF and DoEd in particular should keep each other fully
informed on programs and their results in order to better focus federal dollars. However, it
may be very difficult to develop inter-agency coordination and cooperation because of
competition and “turf’ issues. Congress should consider authorizing and funding an
independent organization (preferably non-government, but it could be a neutral
organization like the GAO) that would: 1) list all programs in any agency that are aimed at
science and math education, including goals and funding; 2) ensure that those programs
contain metrics to evaluate outcomes (and not just inputs); 3) report their results and
recommendations to the individual agencies; and 4) provide Congress with its independent
evaluation of which programs are effective and which are not.

Adifficult aspect of implementing the math and science education standards is translating
them into the materials needed for classroom instruction.

What is the availability of textbooks and other educational materials that conform to the
math and science standards?

To my knowledge, little attention has been focused on this exiremely important area. A
study by a federal agency would be highly desirable. The National Science Teachers
Association has developed a web-based system called sciLINKS that will coordinate
Internet science material directly to chapters and pages in specific textbooks. A similar
effort might be attempted in math, if it has not already been done. The federal government -
should provide direct support to these efforts so that science professionals, science
teachers, and textbook publishers can align their work directly with the standards. These
efforts should not be coercive. Rather, their obvious success should provide suﬂicnent
encouragement for their use in the states.

Is there any mechanism through which educational materials, which are claimed to
conform to the standards, are formally reviewed and tested for the benefit of school
administrators and teachers, so that they can select the best available materials for use in
the classroom?

Not to my knowledge. Such a mechanism would provide an extremely valuable
contribution to math and science education. The federal government should provide
funding to national math and science teaching organizations such as NSTA and NCTM to
create qualified boards to review educational materials, and publish their
recommendations. Another approach would involve teachers sharing information on the
quality and utility of various textbooks and web materials. This information could be
collected, synthesized and published on the web hub page discussed below in question 6.
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A recent RAND report on educational technology commissioned by the Office of Science
and Technology policy recommends greater federal investment in pre-competitive
multimedia education software R&D to help overcome market disincentives faced by
software vendors that has resulted in a deficiency in content-based educational software.
How would you characterize the quality and availability of educational software and other
technology-based educational materials? '

The quality of educational software, especially web-based, has improved dramatically over
the last few years. However, access can be very difficult and time consuming. An
extremely valuable contribution from the federal government would be to create a hub
web page that links to all the important web-based science and math materials. The
content would be organized by grade and by subject material, with a fast search engine.
Teachers could then use this site in the classroom with ease. As an example, a 7th grade
biology teacher could retrieve material to help her design her curriculum and lesson plans.
In addition, she could select specific material on, for example, the evolution of mammals,
or heredity, or photosynthesis. All other math and science topics would be addressed. The
site would require permanent qualified staff to keep it updated. It might also include an
“ask a scientist” link for personal support. The DoEd’s Eisenhower National
Clearinghouse site could provide a good start for such a comprehensive web site.

Many federal agencies (DoEd, NSF, DOE, NASA, etc) and state and private
organizations have created web sites devoted to various topics in math and science.
However, a teacher, student, parent, administrator, or state or local policy maker, would
have a difficult time finding the information required in a reasonable time. Coordinating all
these sites with a single hub would be extremely beneficial to these stakeholders; in
addition, such a hub site would highlight possible redundancies among the federal agencies
and increase efficiency and coordination.

Is there a need for a systematic process for assessment of educational materials and a
central clearinghouse for the distribution of the most effective materials?

Yes. The International Society for Technology in Education (ISTE) has supported since
1989 a process for assessment of software educational materials. There are also several
non-profit and for-profit companies that evaluate education software. A federal role would
be to provide a central clearinghouse to make this information available (on the website
described above) with perhaps an independent assessment from NSF and DoEd.

Is more effort needed on dissemination of information about best teaching practices?

Yes. Information gathered in the TIMSS study on different international teaching practices
is now being made available. The federal government should fund the necessary research
and evaluation, and publish and advertise this information. Award-winning math and

science teachers should be videotaped in their classrooms. These tapes should be made
available to any
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TESTIMONY OF
SHIRLEY M. MALCOM, PH.D
DIRECTOR, EDUCATION & HUMAN RESOURCES PROGRAMS
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE (AAAS)
BEFORE THE HOUSE COMMITTEE ON SCIENCE
MARCH 17,1999
Mr. Chairman & Members:

Thank you very much for the opportunity to participate in these hearings focused on
issues in science education raised by the Ehlers Report. The report, which represents the
culmination of a wide ranging nationwide discussion, rightly points out our national interest in
scientific and technical education in view of its importance to our workforce, our economy and

the needs of our citizens. It is important to take stock and ask ourselves what is the extent of our

needs in these areas and how well are we going about meeting these needs.

Last year the Congress approved legislation, later signed into law, that raised the ceiling
for the number of H1-B visas to permit entry of additional highly skilled workers needed
especially by the computer and information technology industries. (Chronicle of Higher
Education 10/23/98, p. A32) Companies have been finding it extremely difficult to identify,
recruit and place the number of employees that they need, who possess the requisite mix of skills,
and are available for the job growih being experienced in those industries. In addition to the
short term solution of raising the ceiling on immigration a strategy was put in place to collect
fees to be used to support the education of more U.S. citizens to address the longer term issue of

growing a human resources base sufficient for our country’s future workforce needs.
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In the interim student enrollments and degrees in computer science and engineering have
been in steady decline. The jobs for college and graduate trained computer scientists and
engineers have increased faster than our rate of production of these workers despite the strong
demand being seen in computer and IT fields for some while. Scientists, mathematicians, and
engineers are a small but vital component of our workforce and our failures to respond to the
need to grow this segment must be viewed with alarm. Here are good jobs with high salaries and
excellent career potential. Are students unable to respond to the demand because of inadequate
earlier academic preparation; unaware of the jobs because of inadequate career counseling;
dissuaded because of uninspired teaching, inadequate instructional infrastructure or weak
connection between these jobs and their academic preparation? It is essential that we determine
where the barriers exist to producing adequate supplies of the personnel that we need if we are to
sustain the economic growth and competitive edge that the United States enjoys in computing,

telecommunications, biotechnology and other such fields.

As other nations follow our lead into knowledge based industries their own citizens will
be less likely to come to the U.S. for graduate education and less likely to remain to fill our
workforce needs. Importing highly talented people is not an optimal long term strategy to

address U.S. human resources needs.

As our business, service, regulatory, transportation and other systems have become more
technically based and scientifically connected the need for advanced scientific, quantitative and
technical skills has diffused out into many other areas of the workforce. As rightly pointed out in

the Ehlers report we need technicians as well as scientists, engineers and mathematicians to
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support SME functions in the workplace. But our lawyers, judges, pilots, air traffic controllers,
legislators and business people increasingly need the knowledge, concepts and ideas of science,
mathematics, engineering and technology as well. So too do the service men and women who
must defend our country as they use and maintain tanks, planes, ships, trucks and weapons, or
detect the presence of biological and chemical toxins. Those who monitor the safety of our water
supply and our food, who track infectious diseases, who keep us healthy, who fill our
prescriptions, who care for us in hospitals and nursing homes all need a much higher level of

SMET knowledge, concepts and ideas.

There are few professions that have been left untouched by the scientific and
technological revolution in which we find ourselves. Yet we send too many into this revolution
unarmed, lacking the knowledge, skills and understanding they need to do the Nation’s work, to ’

earn a living now and for the long term.

Earned Bachelor’s Degrees, U.S. Citizens and Permanent Residents

1989 1996

Engineering (all) 66,947~ 63,066
Male : 52,160 47,623
Female . 9,715 10,681
Underrepresented Minorities : 4,805 6,974
Computer Science (all) 30,963 24,405
Male 19,901 16,093
Female 8,927 6,132
Underrepresented Minorities 3,742 3,784
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The Needs of Citizenship

We regularly allude to the idea of science, mathematics, engineering and technology for
citizenship. But I believe that it is essential that we ground this notion in some concrete
examples so that we all understand the stakes. How does the public respond to issues of nuclear
power vs. coal generated power or genetically modified plants or animals? How do we have
discussions about personal or family health choices without fundamental understanding of human
biology? How do we handle threats (real or imagined) to our children from an Internet that they
can navigate where we as parents cannot? How can we exercise our responsibilities as voters or
members of a jury? What happens when DNA evidence is presented and our jurors have no clue
about how to interpret competing arguments of scientific experts? These concemns strike at the
heart of our family responsibilities and our democracy. I fear that we are being led to a legal
system that depends on people being uninterested, uneducated or confused by science based

evidence, a frightening threat to our system of laws.
America Responds

The issues raised here are not new ones and the solutions that have been presented in the
past are still relevant today. We must educate all students to much higher levels in science,
mathematics and technology. We must tackle the challenge, no matter how difficult of re-
education of the adult population who long ago left K-12 education. We must develop broadly
based nationwide scientific and technical capacity for the long term. This means that resident in

every state we must have public health, agricultural, transportation , statistical and other science
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and technology capabilities to ensure that the distributed nature of our data collection, reporting,
controls and regulation do not jeopardize the interstate nature of our interactions, as people, food,

water, air and services flow across state boundaries.

We must address the basic educational needs of all our people — the needs of those who
will become SMEs as well as of those who will encounter SMET in other work. Common to all
these ends is our compulsory education system. But we do not have a common system; we have
15,000 systems, locally controlled and autonomous. These systems must perforce act on behalf

of our national needs for an S&T prepared workforce and technically prepared defense system.

Those of us in the science community have recognized the need to provide guidance and
tools to these independently operating systems so that the core ideas that are commonly needed
will be locally adapted and delivered. AAAS developed Science for all Americans in 1989 as a
statement of these leaming goals in science, mathematics and technology and Benchmarks for
Science Literacy in 1993 to guide the teaching of core ideas across the grade span. The National
Council of Teachers of Mathematics developed mathematics standards in 1989, and have
recently revised these as Principles and Standards for School Mathematics, a Discussion Draft.
The National Academy of Sciences published the National Science Education Standards in 1996.
We now also have emerging technology standards developed by International Society for
Technology in Education. We as scientific, mathematics and technical societies have no power
or authority over school jurisdictions. We have hoped to influence states and 1ocalities by the
quality and thoughtfulness of our work, openness of our processes and wide range of sectoral

involvement. We can only urge districts towards rigorous standards that can support our national
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need for a next millennium workforce and citizenry. AAAS has developed other tools to assist
districts as they assess the quality of their textbooks or of their efforts to promote learning for all

student groups regardless of race/ethnicity, socioeconomic status, sex or disability.

In March 1999 the National Science Board (NSB) issued a very important report
Preparing Our Children: Math and Science Education in the National Interest. The report
recognizes that “it is both possible and imperative to develop national strategies that serve the
national interest while respecting local responsibility for K-12 teaching and learning.” Thé NSB
offers four recommendations that promote student achievement in mathematics and science
urging that “stakeholders must develop a much - needed consensus on a common core of
mathematics and science knowledge and skills to be embedded consistently in classroom

teaching and learning.”

I was a member of the task force that generated this report in the wake of the release of -

the TIMSS reports until the end of my tenure on the NSB in summer 1998.

While I no longer sefve on the National Science Bo#rd I want to add my support to the
recommendations they made urging a .natibnwide conversation and effort at developing
consensus around standards and core learnings in science, mathematics and technology. The
report points out that one in three students will move and thus change schools during their
elementary and secondary years and that mobility alone argues for our making room for some

common understandings within our traditions of local control.
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I support local control of schools, and I also support nationa! standards. I believe that the
15,000 roads that lead to the production of our Nation’s human resources must to be guided by a
road map that at least helps us understand the destination. Our standards must guide the way
toward local derived and globally competitive curricula. Iwould add a quote from a recent NSB
hearing by Board Vice Chair Dr. Diana Natalicio: “One of the things that I try to talk to people
in school districts about.....is that while we are all respectful of their désire for local control, t_hey
seem to forge.t that they are not preparing their graduates to work or live locally. We are talking

about a global competitiveness, and it seems very hard to square those two.”
Higher Education

Increasingly post - secondary education is an essential element needed for our workforce.
It will increasingly be 2 and 4 year colleges & universities that will deliver the last formal
science and math courses that most people ever take. The view of science and mathematics, the
concepts and ideas people take away with them, will be conveyed by the faculty of our higher
education institutions. It is essential that we remember this, especially as it relate; to the
preparation of our K-12 teaching workforce. That 21* century teaching workforce will bé the
vanguard who will shape the national workforce of 2020. I hope that our foresight is 20/20 in
recognizing that they must be provided the best that we can offer -- the knowledge, skills and
ideas delivered using appropriate technology and other equipment. For it is they who ultimately

keep America the world’s great economic power.
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The Congress has recognized the need to support the development of this teaching
workforce as well as to help current teachers in a process of education and fenewal. We mﬁst
retain the integrity of prografns established to ensure-our national capacity in SMT education;
when our health, our defense, and our quality of life are at stake we must insist on accountability
for the use of resources that support education in the new basics of science, mathematics and

technology.
Teachers for the 21* Century

Most of us who have gone on to pursue study in science, mathematics or engineering
fondly remember those teachers who inspired, challenged and encouraged us. They expected

much from us and gave much to us.

Most of my teachers in high school were actually prepared in the subjects that they taught.
us and, in those post Sputnik years, they had opportunities for summer study to extend and
support their learning. Despite lack of equipment and facilities they approached science and

mathematics teaching with eagerness.

One cannot help but contrast this with the current situation where teachers at the
elementary level have had few post secondary opportunities to study and lm the science and
mathematics they are expected to teach, possess minimal access to technology or the training
needed to incorporate it as a teaching tool; where high school teachers of science & mathematics

may likely be teaching out of the field of their major or minor with inadequate professional
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development opportunities, instructional equipment and laboratory facilities. The technology
that will be integral to students’ work & lives may not yet be an embedded part of their learning

environment.

Teachers shape the future as they prepare our children. And who will shape the teachers

for the new roles they must face?

Have we considered the role that teachers must face in preparing the students in SMT for
the'various roles and jobs they will assume in life? They must manage to understand and
incorporate an expanding content base. In addition we ask them to respond to the psychosocial
and other needs of their students, manage classrooms with too many pupils and too few resources
while teaching too many hours z; day with no time for preparation, planning or learning, little

respect and low salaries.

The kind of SMT savvy teachers that we want for our children can earn twice or more
their salary in another sector. Our local approaches to developing new teachers for the 21
century has meant that we all face shortages, potentially resort to emergency credentialling of

underprepared persons and to raiding the neighboring district.

We need a massive mobilization to ensure the production and movement of highly

qualified SMT teachers into our schools from a nationally available pool.
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Just as Ms. Goddard, Mr. Smoot and Mr. Burton gave me my mathematics and science
base so too must we provide for our children and grandchildren the teachers who can guide,

motivate and inspire learning.
The Education of Citizens

The overwhelming majority of the U.S. population are beyond the di@t instructional
reach of our schools and colleges. Yet they need SMT information as well. While their jobs
might provide or require specific training, reawakening their sense of wonder, excitement and
inquiry, making them open to learning about science, mathematics and technology means that we
must employ strategies that attract them to SMT, helping citizens see the science and
mathematics that may have become commonplace. Museums, science centers, Internet,

television and radio have taken on some of this work as have libraries.

But these media are still not reaching broadly across all populations. We at AAAS
determined that we must be unabashedly opportunistic in sharing science with the public. We
have sought to find topics that compel attention, such as health, and to use these in multiple
formats to impart science context as well as immediate information about the health topic— be it
the science of addiction or the ethical, legal and social issues related to the Human Genome
Project. We have been willing to deliver this message where ever people are or where they come
together. So we have had efforts based in all sorts of places such as in libraries, churches and
senior citizens facilities. We at AAAS review trade books, video material and software as a way

to guide teachers and librarians to the best among those available. Science Books & Films (now
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SB&F and SB&F Online) has been the source for identifying quality books and materials for
over 33 years, born as a post - Sputnik strategy to improve science learning by directing us to

excellent science resources.

Another AAAS project has helped to stimulate the production of science
communicators, assisting students of science, mathematics, engineering and medicine to gain
journalism experience through placement in summer internships at print and broadcast media
outlets. Roughly half of the more than 300 Mass Media Science & Engineering Fellows
produced in the 25 year history of the program have t.aken these skills into their work as scientists
often while assuming increased roles interacting with media. The other half have shifted careers
to become full time communicators, including such luminaries as Dr. Michael Guillen of ABC,

Richard Stone, and Joe Palca of National Public Radio.

They reach the public through the media, bringing science stories into our homes and

offices — even informing our commute.

We find ourselves with a system of problems that, if taken together, threaten to
overwhelm our ability-.to keep pace with the knowledge and skills needed to manage and
maintain the technologically based society and economy we have created. Oulr need to import
talent has been necessitated by our failures to develop talent, by expanding the talent base for
technical and scientific fields. We have systematically underdeveloped women, minorities and
persons with disabilities as crucial human resources for computing, engineering,

telecommunications and biotechnology fields among many.

11
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We need only to consider the extent of disruption predicted if we fail to address our Y 2
K problem to realize how embedded our technology and science have become —power grids,

ATMs, missile Waming systems, 911 systems. Like fish we do not see the water.

Nor do we see that the science and technology in our lives that we so take for granted
force us to pay more serious and systematic attention to traditional notions that we have
enshrined that may no longer serve us well. Our communities have expanded beyond our
neighborhoods; our collaborators as well as our competitors may reside on the other side of the

globe. Our reach may extend even beyond our planet.
Addressing the needs for global stewardship and sustainable human development,

meeting our personal health needs as well as those of our families, being informed citizens and

wise jurors, all compel us to a heretofore unseen need for scientific and technological savvy.

12
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Malcom Responses

Is our goal for our kids to be first in the world in math and science sufficient to

assure us a scientifically literate society in the future?

1. The goal for our kids to be “first in the world in mathematics and science
achievement” does not necessarily equate to assuring us a scientifically
literate society in the future. “First in the world” is based on a testing
paradigm that places a value on assessment performance that may reflect
imperfectly an emerging consensus of what it means to be literate and
numerate. Despite the issue of the imprecise tracking of assessments and our
goals for students’ understanding, our placement at the bottom of the
achievement scale ought to be cause for real concern - indicating that
students likely know little and understand less.

~ Of greater concem is a strategy that relies largely on the accumulation of knowledge
and understanding by our youth in order to yield a literate society. Even as we work to
make today’s children scientifically literate it will require decades before they can influence
and shape the idéas, policies and choices that affect the larger society through their
participation as voters, opinion leaders and decisionmakers. A

We mu;t develop strategies that assist parents, grandparents and other family

members as well as children in gaining greater knowledge and understanding of science and

mathematics concepts and ideas.

You mention in your testimony that basic science and math knowledge is important
for countless decisions made by adults in our society. If we want to offer strenuous

math and science courses for those who are pursuing related careers, would it be
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wise to offer “science for non-scientists” courses or should all K-12 students be
exposed to the same stringent math and science curricula?
2. At what point do the preparation of the scientist or engineer and the preparation of the

literate non-scientist diverge in terms of topic, depth and rigor?

In 1985 AAAS launched Project 2061 as an effort to clearly articulate the big ideas
of science, mathematics, engineering and technology (SMET) that all students needed and
the skills, knowledge and habits of mind that collectively comprise what we have called
science literacy. These are the core understandings that we want for all students, those
intended toward science, engineering and related fields and those not aiming for such

careers.

Opting out of course work in K-12 science and mathematics prematurely reduces
the opportunity to change one’s mind about career intentions as opportunities present
themselves and as new workforce areas emerge. Students with strong early interest in
science and sufficient mathematics preparation often (;hoose more rigorous coursework,’
often courses bearing college level credit, such as through Advanced Placement. But n-ot all
programs and schools make available more rigorous courses, having insufficient resources,
low levels of demand or teachers unequipped to deliver these programs. This is often the
situation .in urban and rural areas. In order to adequately respond to the question we must
separate several ideas that are often entangled: how standards relate to courses; and the

relationship between content and performance standards.
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In most programs, curriculum, courses and standards do not track precisely. It is
possible for students to be in the same course and take different things away from the
instruction. It is possible for students to be in very rigorous courses buc to emerge without
the core of knowledge necessary for literacy in science. It might be desirable and 'possible
to provide courses with different approaches; all should be aligned with the standards; none
should provide rigor at the expense of understanding or a level of engagement that

precludes permit a later career choice for science or engineering. At 15 or 16 years of age it~

is not always clear who will or will not end up pursuing science or engineering careers.

Education in SMET should be designed to keep options open rather than to close them.

What role for the media do you see that would have the greatest impact in education
individuals throughout their lives? What voids, or gaps, do you see in the media’s

handling of science now that should be addressed?

3. “The media” includes a wide range of options — television, radio, movies, newspapers,
magazines and Internet. It is not clear that these media perceive their role as one of
educating but instead one of informing by reporting the news that affects people’s lives.
Adults having a basic education in science have access to new ideas and new knowledge
conveyed by various media as science becomes news. Where media reports of science
are included as a component of formal education young people can be guided to media
as a lifelong source of information. The greatest difficulty in using media in that way is
the disconnected manner of reporting, that is, where the larger conte)'(t of the science is
not provided. Adults need to be able to connect the ideas of the news to the science as

they learned it and to see how that science is thus transformed.
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Anoti1er difficulty emerges when stories appear about concepts where there is
overwhelming consensus among the scientists who work in the area but the need for
balance in reporting gives visibility to ideas in the margins, or where the news does not
reflect good science. Many of these issues are resolved when there are science savvy
reporters and editors and a commitment to science by the particular media outlet. And
the restrictions of one form of media (e.g., the brevity of television) are being resolved
by the presence of collateral associated media which do not share these restrictions (e.g.,
the expansiveness of the Internet). Issues related to the reporting on science also
extend to reporting on science and mathematics education where thoughtfulness and

care are also needed.

In addition to the media, how can we best relay to adults the information and

knowledge that will help them make thoughtful decision?

4. In addition to media we must find other venues for adults to engage with ideas of
science, especially as it affects their decisionmaking. 1 will outline a few opportunities
below:

(a) Engage adults as parents, guardians and caregiv_e;rs thréugh support of school
associated or school mediated programs.

(b) Connect adults with science'through other venues, such as libraries, museums and
other places of science, as well as in faith communities. AAAS has developed

examples of programming that has used all of these venues and more, including
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literacy classes, education programs in correctional facilities and senior citizens
groups.

(c) Explore online options, including formal coursework online.

(d) Providg scientifically accurate materials and training in their use to pet;sons who
engage with adults involved in such decisionmaking, including genetics counselors,
mental health counselors and other health and medical professionals.

(e) Provide policymakers including members of Congress, with access to quality science
that affects decisionmaking so that they include those findings as they interact with.

their constituents in discussing the issues.

I believe that we must expand our partnerships to such groups as trade unions, civic

clubs, service organizations and other groups.
We must also include formal education in colleges, universities and extension

programs as well as direct outreach by scientists and students of science doing interesting

research.
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What kinds of federal education programs could make a significant contribution to
assisting state and local school systems with the implementation of science and

math standards?

1. The systemic programs developed and supported by the National Science Foundation
are promising to be very effective in catalyzing state and local level reform in
implementing science and math standards. While the evaluation findings at the state
level (State Systemic Initatives) have been mixed several statewide programs have
provided strong positive examples of what is possible when catalytic federal efforts are
joined with effective state based management and leadership. I would commend to the
members’ attention the programs in Texas and Puerto Rico under the leadership of Dr.
Uri Treisman and Dr. Manual Gomez, respectively. These efforts suggest that federal
seed funding can make a real difference in helping states shape and guide their internal
resource decisionmaking vis a vis mathematics and science reform, forcing a
rationalization and coherence of effort. Likewise the stimulus provided by seed funding
of urban districts (Urban Systemic Initiative) and rural district clusters (Rural Systemic
Initiaﬁve) has provided an organizing tool for implementation of science and math
standards. Evidence of positive impace on teaching and learning is emerging from cities

as diverse as El Paso, Chicago, Detroit and Memphis.

Other efforts that might prove beneficial include (1) support of tools for self -
assessment for parents and community members to calibrate through review of sample
curricula, test items and sample student work where their own system stands; (2) funding

for technology and library resources to support standards-based science and mathematics
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instruction as well as support for renovation of science labs or for developing and equipping
“lab mobiles” where renovation is not a reasonable option (especially where professional
education of teachers is a prerequisite for accessing funding for capital improvement); (3)
support for research to enable us to identify especially successful instructional s&ategies to
assist all students to meet high standards in science and mathematics and for dissemination

of the findings.from that research.

In addition it is imperative that the federal funding already going into state and local
districts support high levels of achievement with a focus on “remediation through
enrichment” as a core strategy and that these include science as well as reading and

mathematics as core competencies.

Relative to impact on implementation of standards, are these particularly good, or
bad, examples of federal programs? Are the federal programs effectively

coordinated?

2. Most really negative program impacts that were embedded in policy were removed with
the re-authorization of ESEA. . The removal of low level standardized testing
requirements, especially using those not tied to standards, reduction of the strict
remedial focus, inclusion of whole school and extended day programming have made it
possible for much experimentation within Title I — possible but still not likely.
Without clear examples, solid documentation, technical assistance in managing, and

strategies for sharing a variety of successful and promising practices it will be difficult to
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get programming in schools that goes outside of the traditions established by the

programs,

A number of very worthy programs are either in place or in plann;ng, for example
the NSF's science teaching fellows and ED’s 21* _Century Community Learning Centers,
Community Technology and Parent Assistance programs. But these efforts must be made
coherent and comprehensive with standards supporting goals; this can only be done in a
community based effort to make the options provided by federal programs make sense for
that cbmmunity. This community based planning and development needs a system of
accountability to the original federal program goals and mission to have legitimacy and to be
effective. Systemic initiatives have been powerful organizing and planning tools to guide the
use of resources with feedback into programming. I have generally favored a competitive
granting process over block funding because of the planning anc organizing it requires, the
feedback it provides, the ongoing evaluation and program modification it engenders and the
upfront local commitments it stimulates. The most successful efforts have emerged when
block grant monies have become the venture capital for systemic programs. The least
successful efforts come from chasing federal dollars that then go into separate offices and
disconnected efforts, all with separate bureaucracies, some of whicl'; may be working at

Cross purposes.
Effective coordination must be achieved at two levels:

¢ that the federal programs do not require mutually inconsistent goals (that is, that they

support a common vision); and
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that state and local systems provide a vision of mutually reinforcing program
implementation with adherence to the ornginal goals for which the resources werc

expended.

In all cases there is the need to move toward measurable results with cvaluation and

rescarch as embedded aspects of program implementation from classroom practice to the

statewide policy level. We must do more of what works and stop doing those things that

don't work — and we have to he able to distinguish these two.

A difficult aspect of implementing the math and science education standards is

translating them into the materials needed for classroom instruction.

What is the availabilty of textbooks and other educational materials that conform
to the math and science standards?

Is there any mechanism through which educational materials, which are claimed
to conform to the standards, are formally reviewed and tested for the benefit of
school administrators and teachers, so that they can select the best available
materials for use in the classroom?

In January 1999 AAAS Project 2061 released the results of a study of middle school
mathenuatics textbooks. OF the 12 textbooks subjected to rigorous analysis for their
alignment to standards only four recently published series received high ratings while the
other more well-@ablished titles were rated unsatisfactory.  Results of a study of middle

-
school science books will be make available this summer. (Middle Grudes Mathematics
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Texthovks: A Benchmarks - Based  Eraluation) is  available online at

http:/ /project2061 aaas.org/matheval /index.hem.

Preliminary review of science books at this level reveals that there is a paucity of

quality materials.

The procedures for review were developed by AAAS Project 2061. The evaluation
of mathematics textbooks was conducted by ir{dependent analysis teams of classroom
teachers and college and university faculty with extensive knowledge of math content and of
research on teaching and learning, The results of this collective effort, representing over
20,000 separate decisions related to c;)ntent alignment and use of ettective instructional
strategies, has been made available to educators and administrators.

Project 2061 is making available the information as well as the training necessary for

districts to undertake their own review of materials on their own timetable.

The major issue is whether this analysis will be used to guide purchasing decisions

and whether the teacher professional development needed to utilize effectively the books

* that are aligned to standards is provided within these districts.

A recent RAND report on educational technology commissioned by the Office of
Science and Technology Policy recommends greater federal investment in pre-
competitive muyltimedia educational software R&D to help overcome market

disincentives faced by software vendors that has resulted in a deficiency in content -

10
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With the ability to develop such resources, listings, reviews and Internet links to
facilitate purchase a virtual clearinghouse is quickly being brought online within AAAS.

Funding is clearly the limiting Factor for how rapidly this work can be done.

Is more effort needed on dissemination of information about the best teaching

practice?

6. Not only is more cffort needed on dissemination of information currently available
about best teaching practices but also more research is needed to determine how to
effectively incorporate findings from cognitive science, use of technology. The most
fruitful immediate strategy is to include these in ongoing preservice and service
professional development training for principals, lead teachers and supervisors charged
with evaluating teacher performance and/or assisting in improvement of practice. In
addition CD-ROM and other such resources could gready enhance teachers’ access to
cftective strategies. While sm.ne elements of practice are generalizable across fields

others are spedific to areas of content. Certain strategies are important to ensure that all
students have access to the ideas such as accommodation for students with diverse

learning needs (e.g., physical and learning disabilities) in regular classroom programs in

science and mathematics.

W
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based educational software. How would you cha;acterize the quality and availability

of educational software and other technology-based educational materials?

4. While difficult to assess the quality of the overall range of educational software and
z

other technology-based educational materials there has been a real increase in the quality

am

of educational materials over the past several years.

Singled out for special note is often the materials development supported by the
National Science Foundation. This likely means that there is a math/science bias across
quality materials since fewer competitive, peer reviewed federal grants programs have been

available for materials development in other disciplines.

Is there a need for a systematic process for assessment of educational materials and

a central clearinghouse for the distribution of the most effective materials?

5. There clearly is a need for the systematic assessment of educational materials,
including textbooks, to determine how well these align to standards in science and
mathematics and how likely the recommended instruction will lead to students’ achieving
the standards. AAAS Project 2061 has development a rigorous review process for
textbooks and has released its findings for middle school mathematics. The Project makes
this training available to district and other personnel, makes specific critiques available to
.
publishers and so on. Other instructional materials, including videos and trade books in

science, mathematics and social studies are reviewed by the AAAS review journal Saence

Books and Fibms (also available as SB&F Online).

11
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Ensuring Communicatians Evolve

John E. Harrison’s Testimony to the House Science Committee.
Topic: Why and How You Should Learn Math and Science.
Date: March 17, 1999 from 10am to 12pm
Location: Room 2318 Rayburn House Office Building

Mr. Chairman, and members of the committee, I'm John Harrison, co-founder of Ecutel and I'd
like thank you for giving me the opportunity to testify. The issue of Math and Science education’
in the US is one I, indirectly, face everyday as the CEO. Ecutel is a small technology firm that is
constantly recruiting scientists to make our products and to create new ones. We also need a

large and technically savvy workforce to buy our products. Innovative and useful technology is
the fuel of previous and our current economic growth. If this boom is to continue and companies
like Ecutel are to succeed math and science needs to be in every grade of every elementary school
and advanced math and science needs to be in all high school grades.

o R N

US colleges are some of the worlds most technologically innovative. In fact many foreign
nationals attend US graduate schools to further their education. However, few US students have
: built the fundamental knowledge in elementary and high school to take advantage of these

; institutions. Ironically, these education levels pave the way for a knowledgeable workforce and
stimulate the minds of future scientists to make innovative products.

I believe if I tell you a little bit about Ecutel you'll see how and why all US information
technology firms equally suffer from a deficit of qualified electrical and computer science
engineers that are US citizens. .

Ecutel was formed 3 years ago by Dzung Tran and myself. We had a great idea to create a
software product that supports the many requirements of the increasingly mobile and data hungry
workforce. The Viatores-Mobile VPN is that product, and it is a networking tool that is based on
components of the “Next Generation” Internet. Ecutel took these concepts and made them work
in today’s information systems. This is no small task, it required many hours of design before
Dzung and I felt we could leave our previous jobs to form Ecutel.

In order to make Viatores we needed sophisticated engineers that could make it a software
product rather than hardware. This is so people wouldn’t have to carry alot of extra equipment
when they roam the Internet, which is similar in concept to cell phone roaming. Furthermore we
needed engineers to incorporate an encryption/decryption method so the data is not compromised
as it flowed through the Internet.

We received 630 resumes in our first few months, and of those we considered qualified, none
were US Citizens.

This caused more problems than Dzung and I thought it would. 1) In 1998 we had Immigration
legal fees of $80,000, alot of money for a start-up, 2) We could not bid on contracts that required
security clearances because there weren’t enough engineers with US citizenship to qualify for a
clearance. Dzung and I came from Military Intelligence, this hurt. 3) We couldn’t work in some
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areas of encryption/ decryption (a necessity for secure communications) and 4) If foreign travel
were required our engineers can only leave the US once, unless they receive a multi-entry Visa,
which is both costly and timely.

If 20 years ago we had force-fed math and science education into the minds of US kids, Ecutel
would be able to use the $80,000 to hire another engineer and to market the Viatores Mobile VPN
more aggressively. Increased marketing would have given us more revenue, subsequently giving
us funds to develop more innovative products, which ironically require more engineers.
Furthermore, we would have a much more technically savvy workforce that could adapt more
quickly to these innovations. It’s a never-ending cycle in the world of information technology.

In 1998 the US was forced to increase its quota of H-1 visas from 65k to I believe 105k. The
reason is clear, US innovation is outpacing its ability to innovate from within.

In the case of Ecutel, we have successfully circumvented some of the problems caused by the
lack of American Engineers by working with other companies to minimize the amount of
development required. . :

This is not a sound solution. We don’t want to minimize development because that reduces the
potential for innovation.

It doesn’t matter if the company is as large as Microsoft or Ecutel with 15 employees. They both
suffer from the same problem. Microsoft was once the size of Ecutel. It is companies like Ecutel
that fuel this economy through their innovations. Large companies know this that is why they are
constantly buying smaller firms so they can stay ahead of the curve.

I don’t want to mislead you; I wouldn’t trade any of Ecutel’s engineers. In fact I deeply respect
their tenacity and intelligence. I believe they contribute more than just technical know-how, they
offer a cultural view on areas of the world in which Ecutel will eventually expand if it is to
succeed in this global Economy. But, if we can’t figure out a way to make it easier for smail
technology firms to maintain a qualified engineering staff at a reasonable cost then innovation
suffers and so does our economy.

What Dzung and I have experienced as partners of a small firm in the high-tech industry leads us

to conclude that 2 things need to happen in the very near future:

1. Math and Science education needs to be in a child’s everyday activity so it increases their
intellect and becomes 2™ nature to them. Even if they don’t want to be scientists, we still
need a technically savvy workforce to make use of these innovations. And

2. Until these kids are ramped up on technology, make immigration laws easier so we have the
necessary technical skills in the hands of US companies to stay on top of the world’s
innovation curve.

This concludes my testimony, again thank you Mr. Chairman for this opportunity.

5500 Cherokee Ave., Suite 505 . Alexandria, Virginia 22312 Tel: 703-354-4140
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CEQ, John E. Harrison

John E. Harison is co-founder and Chief Executive Officer of ECUTEL. He has more than 8 years
experience in managing the research and development of information technologies for the US
Department of Defense (DoD)/Office of the Secretary of Defense/Command, Control, Communications
and Intelligence (OSD/C3I) and ECUTEL ’

After graduating from the University of Mississippi in 1990 Mr. Harrison worked for one year in the
British Parliament as a Legislative Assistant (LA) to a Member of Pariiament (MP). As a LA, he was
involved in many of the legislative issues British telecom faced in the early nineties as well as the
privatization of formerly state-run industries. Furthermore, he assisted in the drafting of the MP's
position on the EURO, European telecommunication standards and third world debt restructuring.

Upon his retum to the US, Mr. Hamison began work as Deputy Director of the Linked-
Operations/Intelligence Centers Europe (LOCE), a US DoD Intelligence system developed to share
information. between NATO forces. After three years as Deputy Director he was promoted to the
Program Manager position where he managed the systems substantial growth. During this period, the
LOCE system was used by NATO/NFOR mobile ground forces as the sole means of Inteligence
gathering at the height of the Bosnian Crisis.

After a successful term as the LOCE Program Manager, Mr. Harrison was again promoted to work
directly in the Office of the Assistant Secretary of Defense/C3l/Special Technology. As Special
Assistant in OASD/C3I, he oversaw budget issues and management problems of approximately 40
computer and communication systems within DoD. He worked with program managers from each of
the systems to ensure budget and technical problems were solved through leveraging existing
technologies within the Govemment as well as in the commercial sector.

Mr. Harrison formed Ecutel with Dzung Tran in 1996. The combined talent of the two has propelled
Ecutel to the top of Intemet communications for the mobile workforce. Mr. Harrison’s vision for secure,
real-time Intemet communications can be experienced through Ecutel's flagship product called the
Viatores Mobile VPN. Viatores is the first Intemet communications tool that raises the mobile workforce
(sometimes referred to as the “Road Warrior’) from 2™ to 1% class network users. Miitary, law
enforcement and Fortune 1000 companies use Viatores to increase the productivity and reduce the
cost of supporting their mobile workforce.

CEO: Roles and'Responsibilities ) '

As CEO of ECUTEL, Mr. Harrison works to develop and maintain the company'’s vision to become a
market force in mobile Intemet communications. In order to make this vision a reality, his daily
responsibilities inciude the oversight of marketing, product development, production, finance, and
customer support associated with ECUTEL's products and services.

Further information :

March 17, 1999 Mr. Harrison testifies to the US Congress, Committee on Science on the Impact of
Science Education on our Economy. Mr. Harrison represents Small Tech Firms in these hearings.
February 5, 1999 Mr. Harrison presents the Viatores Mobile VPN at the Microsoft Tradeshow in
Washington, DC.

November 2, 1998 Mr. Harrison appears on the cover of Intemet Week Magazine as they profiled
Ecutel's Viatores Mobile VPN

October 1998, Mr. Harrison appears in 5 publications as they preview the Viatores Mobile VPN.
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v
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Honorable James Sensenbrenner
Chairman, Committee on Science
Suite 2320 Rayburn House Off. Bldg.
Washington, DC  20515-6301

Dear Chairman Sensenbrenner,

Thank you for inviting me to testify to the Science Committee on the Issue of Why and How You
Should Learn Math and Science on March 17, 1999.

This letter is in response to your request for financial information pertaining to any revenue Ecutel

received or receives from the Federal Government, which directly supports the subject matter of this

testimony.

- Ecutel does not receive any funding from the Federal Government that directly supports this subject
matter.

If you need any further information please feel free to call me at 703-354-4140 and I would be
happy to help.

Sincerely yours,

John E. Harrison -

i Ensuring Communications Evolve

)0 Cherokee Ave., Suite 505 Alexandria, Virginia 22312

|43

Tel: 703-354-4140
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NEWREPUBLIC

Color Blind

By Tamar Jacoby

A “MbofOpinion

The African American absence in high tech.

The weather was unmistakably Californian, and the venue looked modern enough: a
state-of-the-art convention center in Santa Clara, in the heart of Silicon Valley. But the
demonstration last summer--60 noisy protesters carrying placards and chanting slogan s--was
straight out of the Deep South, circa 1960. "Intel is not “inside' low-income and minority
communities," one picketer proclaimed as the protesters circled the sunny courtyard, vying
for the attention of the computer scientists entering the trade fa ir in the hall. "Intel, Intel,
you're no good," another chant went. "Bring computers in the ‘hood!"

It was a small demonstration, but, for civil rights groups in California and beyond, it marked
the opening of a new frontier: the battle to close the "digital divide" between an increasingly
computer-literate mainstream and the people of color who, it is claimed, are once again being
left out. The activists' long list of complaints begins with hiring practices. According to The
San Francisco Chronicle, which ran a much-discussed series on the issue about a year ago,
only four percent of those who work in Silicon Valley's trademark high-tech companies are
black, and only seven percent are Hispanic--about half of what the figures would be if they
were proportional to the local population. Though many California computer firms are
government contractors, mos t do not meet federally mandated goals for minority hiring. In
the past decade, more than a dozen have been cited for affirmative action violations, and
several, including Apple, have paid hefty fines. '

Spurred by the Chronicle series, community groups have organized to demand more minority

_hiring, more contracting out to minority-owned businesses, more diverse boards of directors,

and corporate environments that show more "respect for cultural differenc es"--not just in
Silicon Valley but in information-technology (I.T.) companies nationwide. Groups like the
Rainbow/push Coalition and the Greenlining Institute (a major player in the fight against
redlining in California) are pressuring Intel and Microsof t. They and others lobbied heavily
in Congress last summer to block a bill, eventually passed, that significantly increased the
number of foreign high-tech workers to be admitted to the country this year as immigrants.
Black intellectuals are starting to show interest in the question; The Atlantic Monthly
recently ran a ruminative piece, by poet Anthony Walton, about why blacks as a group are
suspicious of technology. And, in December, Jesse Jackson joined the battle, using the
occasion of a Federal Commu nications Commission hearing to denounce "segregation" in
the high-tech sector.

The rhetoric is overheated and the tactics possibly counterproductive, but Jackson and his
allies are onto something: blacks are woefully underrepresented not just in I.T. but, far more
broadly and fatefully, in science--in the research, teaching, and com mercial uses of every
scientific discipline. Blacks account for roughly twelve percent of the U.S. workforce but
only four percent of the doctors and five percent of the jobs in engineering, computer science,
and scientific research. The gap arises early in life, with blacks scoring on average more than
200 points lower than whites on the math section of the SAT. A citywide test last year in
Boston revealed an even starker contrast: while nearly 30 percent of eleventh-grade whites
were "proficient" or "ad vanced" in grade-level math, only two percent of blacks were. In
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higher education, the picture looks even bleaker: blacks earn only five percent of the
bachelor's degrees in science and engineering and only two percent of the doctorates in
related fields. And the vast majority of blacks with any scientific inclination go into medicine
rather than hard-science fields like physics or chemistry.

If the past 30 years have taught us anything, it is the folly of aiming for proportional
representation by race and ethnicity. Few fields attract all types of people (or both genders)
equally, and, even if they did, experience and aptitude often make some groups more
successful than others in a given area at a given time. But the large and alarming gap that
persists today between black and white achievement in all areas of science is far more than a
temporary proportional skew--and, in the long run, it ca n only spell disaster for black
America. By 2000, 60 percent of all U.S. jobs will require technical skills. There are
currently close to 200,000 unfilled jobs in the computer industry alone--a field expected to
generate more than a million new openings by 2006. No wonder the industry wants to import
more foreign workers and even community colleges are scrambling to prepare graduates for
entry-level work in the high-tech sector.

To be sure, this problem has been apparent for a long time, and there has been no shortage of
attempts to deal with it. It was in the early '70s that corporate America first noticed the
shortfall of black engineers: then, they accounted for only one perce nt of the total. The
reason seemed obvious enough--blacks' historical exclusion not just from scientific careers
but also from ordinary educational opportunities--and together government and industry
resolved to remedy both problems as quickly as possible . No effort was spared in the
ensuing campaign--nothing short of an all-out push by some of the most powerful institutions
in the country. The National Science Foundation (NSF) and the National Institutes of Health
(NIH) mobilized their massive grant-maki ng machines. The nation's largest and most visible
corporate donors vowed significant support, both in cash--for scholarships--and outreach
efforts. Engineering schools and other universities began to develop specialized minority
programs, and--all the wa y down the education chain—-enterprising teachers experimented
with ways to interest the youngest black children in math and science. Altogether, over the
past 25 years, more than $20 million has been spent on scholarships by the three most
concemg%lilndu stry giants (Exxon, IBM, and G.E.) alone--and upward of $3 billion by the
NSF and NIH. : :

Their efforts have not been fruitless: the number of black engineering graduates has just
about tripled in this period. But the total is still disappointing. "Nowhere is the promise for
minorities greater than in engineering,” says an anguished George Cam pbell Jr., president
and CEO of the nonprofit National Action Council for Minorities in Engineering (nacme).
"We've made progress, but the gains are tenuous, and now, for a variety of reasons, black
engineering enrollment is declining. We can't afford thi s. Think of the costs to society--a
society divided into technological haves and have-nots." '

In today's polarized race debate, one bears a wide array of explanations for this black-white
gap. Liberals tend to talk about discrimination--in school, in college, and in the workplace.
Conservatives, who use words like "discipline" and "achievement," b elieve that the problem
is more internal (rooted in psychology and motivation) than external (the result of racism).
Some people in the education establishment think the explanation may be as simple as lack of
exposure to science in early grades. But an i ncreasing number of experts on both sides of the
ideological divide now talk about the role of culture. Most use the term without racial
connotation to mean the culture of hard work and accomplishment. But a few--and not only
Afrocentric activists who dif ferentiate between white and black learning styles--think there
may be something.about "black culture" or black attitudes that is preventing black people
from doing well at science.

Some of these cultural arguments seem more suggestive than others. Economist Thomas
Sowell, for one, speculates that Africa's long history of geographical isolation hampered its
cultural development. Still other cultural explanations hold that the problem is less aptitude
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than interest. Whether because of past exclusion or maybe the way technological innovation
historically has been used against blacks (examples include iron shackles,
compasses--necessary for transatlantic slave crossings--and the cotton gin), today's African
Americans aren't drawn to science and don't want to excel at it. Nigerian anthropologist John
Ogbu, now at the University of California at Berkeley, believes that blacks avoid success in
science because, like schooling in general, it means "acting white." “People think of math and
science as something that white males do," Ogbu says, "and for a black to succeed in these
disciplines raises questions about his or her membership in their own group--about their
racial solidarity and blac k identity. This can be conscious or unconscious, but it leads to
avoidance of math courses and low effort."

Suggestive and wildly speculative alike, all of these theories are just that--still untested and
unproven. Perhaps as a result, the search for "why" is being overshadowed by a competition
among remedies. For civil rights activists and others who think the gap is caused by
continuing racism, the solution is obvious: more effort on the part of mainstream society. The
picketers at the Santa Clara trade fair made this case when they demanded that Intel "close
the digital divide"--as if one company, even a com pany as big and powerful as Intel, could
simply solve the problem overnight by hiring enough people or committing more resources.

Greenlining, Rainbow/push, and the black education establishment agree on a familiar list of
what is wrong. 1.T. companies don't do enough to hire and retain minority scientists; despite
the efforts of the past 25 years, universities haven't figured out h ow to find or train black
students; the rollback of affirmative action proves how little white America cares; most
teachers don't expect enough of the blacks in their classrooms; and academia continues to
rely on allegedly biased standardized tests.

If only it were that simple--and if only the solution were so readily at hand. In truth, if the
extraordinary effort of the past 25 years has demonstrated anything, it is the limit of what
politics and money--and affirmative action--can do to help black w ould-be scientists help
themselves up the ladder of achievement. Outreach, scholarships, and retention programs
have made a difference at many college campuses and corporate R&D departments. But a
number of signs suggest that most of those who can be help ed in this way are already
benefiting—and that it will take a whole new kind of effort to help any significant number of
others. As it is, not many young blacks emerge from high school with the qualifications to
make it in higher-leve! science. Not only are their SAT scores often lacking, but no more than
six percent have taken the courses, like precalculus and physics, necessary to prepare them
for a technical major. (Alarmingly enough, among nonminority kids, only 15 percent have
taken these subjects.) And the few minorities who are prepared get a lot of help to go further.

This assistance comes in many shapes and forms. Organizations like nacme scour the United
States for minority students they think could succeed in engineering school, then provide
them with full scholarships, paid summer internships, and the possibility o f jobs with
companies like Exxon and IBM. Other young blacks who show an early aptitude in math or
science spend one or more summers in their high school years at one of the many intensive
"bridge courses" sponsored by engineering schools and other univer sities. When they get to
college, most of these lucky few are contacted by administrators of yet other enrichment and
counseling programs who guide them through undergraduate school and, when possible,
beyond. At all but a very few schools, these outreach and retention efforts go hand in hand
with extensive admissions preferences. But, even with this help, only a third of the minority
students who arrive at college intending to major in engineering end up earning that degree

" (compared with 60 percent of A sian and white kids).

The limits of what mainstream goodwill and affirmative action can do are even clearer in the
corporate world. Poor science education and an ebbing of interest in engineering among all
Americans have left the I.T. industry with a desperate shortage of empl oyees, and most
young people who come out of college prepared for high-tech work are deluged with offers.
Recruiters and college officials say this is even truer for blacks than for whites, as the story of
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Kyra Massey, a young, black mechanical engineer r ecently profiled in Fortune, confirms.
Well before she graduated with a bachelor's degree from Florida A&M University, Massey
was offered a $42,000-a-year entry-level job at AlliedSignal, and within nine months she
received two other, more lucrative offer s, before accepting a $50,000 package from
Hewlett-Packard. "If you find a black engineer or a female engineer, everybody wants her,"
says Cara Finn, vice president of employee services at Silicon Valley's Remedy Corporation.
Big firms like Exxon, G.E., a nd IBM offer huge signing bonuses both for new minority
recruits and for existing minority employees who help bring them in. Then, when the
newcomers arrive at the company, the human resources department typically spends a small
fortune trying to raise th e odds that they'll stay, fighting notoriously high minority attrition
rates with counseling, mentoring, and firm-sponsored minority networks.

It's true, as critics charge, that Silicon Valley firms rarely make the kind of heroic recruitment
or retention efforts familiar at larger, older corporations. Many California companies are new
and struggling, in a highly competitive business, and few can afford employees who cannot
carry their weight. But it's also true that most of these enterprises, often founded in the last
few decades by iconoclastic baby boomers, have no history of the kind of discrimination that
is usually thought to justify affirm ative action. More important still, the high-tech industry is
one of the world's purest meritocracies. "If you're good, you get hired," says David Ellington,
co-founder and CEO of the black Internet service NetNoir, "and on the whole that makes
Silicon Va lley less racist than the rest of society."

But even the hardest-nosed I.T. entrepreneurs recognize the need to include more blacks in
the growing mass of computer-literate Americans, and many companies are searching for
new ways to reach out, largely through education programs. Microsoft, which ha s given $24
million for minority education in the past five years, is now the largest contributor to the
United Negro College Fund, with Sybase, a software developer, and Hewlett-Packard not far
behind. Intel's efforts are no less impressive. The giant ch ip maker funds summer programs
for minority high school and college students; it gives generously to both four-year and
community colleges, neighborhood computer labs, and science presentations in public
schools--all targeted whenever possible to women an d people of color.

The big idea here is enlarging what's called the "pipeline"--preparing a larger number of
people who will eventually be able to do the work in the I.T. industry. Instead of a thumb on
the scale or a color-coded double standard, this approach involves a lo ng-term commitment
to education and development of minority talent. It will probably be more expensive than
preferences and will surely take longer. But it holds out the promise of solving the problem

* rather than merely papering over it, as affirmative ac tion mainly does.

Of course, some pipeline programs are better than others, and it's not clear that educators are
zeroing in on what really works. A lot of the big Silicon Valley companies have focused on
putting high-tech equipment in the hands of minority students. But e ducation experts are

‘increasingly skeptical that this is the answer--especially for the all too many minority kids in

failing schools who are not learning how to read or do basic arithmetic. Many pipeline
programs are driven by untested ideological premis es, such as the idea that black students
can learn only from black teachers or that their "learning style" is somehow fundamentally
qfiﬁ'e;lelnt from that of other kids. It doesn't help that most of the efforts are poorly evaluated,
1t at all.

Still, a few things are known. The programs that are most successful at producing black
scientists are at historically black colleges and universities. Though they enroll only 25
percent of black college students, these schools grant 40 percent of black s cience and
engineering degrees, and they account for six of the ten undergraduate schools that send the
largest number of blacks on to earn science doctorates. Private and public, small and large,
these colleges vary enormously--making it difficult to gen eralize. Yet, if Xavier University
of Louisiana is any guide, the key is an emphasis on basics--both the basics of science and
the basics of how to get through college.
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A small school with a modest endowment and entering freshmen who are relatively poorly
prepared, Xavier combines support services with rigorous academic standards. Introductory
chemistry and biology courses set the tone. The faculty members have created t heir own
textbooks, which walk students step by step through subjects, introducing basic vocabulary,
emphasizing and reemphasizing key concepts, even dictating exactly how to work problems.
"These kids need to learn some basic things before branching out, " pre-med adviser J.W.
Carmichael explains. "I don't leave anything out. I take them through every single detail....
People say we're hand-holding. Yeah, we are, particularly in the early years."

Xavier's rules of conduct also stress the fundamentals--discipline is intense and
unyielding--but it is in the area of mentoring and counseling that Xavier's effort is most
evident, completing what some educators call the "socialization" of the students, many of
whom are the first in their families to go to college. Counselors guide their charges through
every aspect of campus life, from how to register for their first classes through applications
for jobs and professional schools. Academic advisers meet weekly with underclassmen. Free
tutoring is available and encouraged. At Florida A&M, or famu, also a historically black
school, the socialization includes a dress code and instruction in how to introduce yourself to
strangers, as well as extensive exposu re to the manners and morals of corporate life. By the
time they graduate, both Xavier and famu students have learned how to learn, and their
discipline and work habits pay off handsomely--particularly in science. Famu is a favorite
recruiting ground for corporations looking for both engineers and business majors, and, in
1998, for the sixth straight year, tiny Xavier sent more black students to medical school than
any other college in America.

Integrated institutions have pipeline programs for black students, too--and they have done
much to help people like Michele de Coteau, a Berkeley engineering graduate and Rhodes
scholar. A working-class child from a poor section of San Francisco, de Cotea u showed an
early aptitude for math, and, when she got to high school, she was recruited to take part in
special summer courses that brought kids to the Berkeley campus to do more advanced,
intensive work. At another summer program at the renowned Renssel aer Polytechnic
Institute, she got her first taste of research and learned to fill out a college application. Then,
when she got to Berkeley, de Coteau was one of the first participants in a pioneering
enrichment course created by mathematician Uri Treism an, now at the University of Texas at
Austin and something of a guru in the pipeline movement.

Like most pipeline interventions, Berkeley's offers a wide array of services: financial aid,
counseling, mentoring, summer study, research opportunities, and more. But its most touted
feature is the series of workshops that Treisman developed in the late '70s to help the large
number of minority students that he noticed washing out of freshman math and science
courses--which are usually big, intimidating classes where professors encourage the brightest
kids and leave the others to fall behind. Building on the insight that black students at
Berkeley seemed unusually isolated--unlike Asian students, they didn't study in groups and
seemed to keep their social lives separate from what they did in the classroom--Treisman put
together a multiracial group of two dozen freshmen for an extra, intensive section of calculus,
where he encouraged them to study together.. Cannily, he made sure that nothing about the
class suggested it was remedial; on the contrary, all of what he calls the "theater" surrounding
the semi nar told students that they were in for an extra challenge and that they were expected
to excel. Twenty years later, Treisman's workshops are still the hottest idea in minority
science education, and they have been imitated at more than 150 institutions.

The imitations vary widely, but all involve small groups, extensive mentoring, and a culture
of high expectations; and most aim to give black students an extra boost just before or during
the intimidating freshman courses that are the all-important "gatew ay" to further science
study. It is a combination that seems to produce impressive results. Eighty percent of
Treisman's students in Texas eamn Bs or better in freshman calculus. (At Berkeley in the '70s,
before he started his workshops, 60 percent of bla cks came away from a similar course with
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Ds and Fs--if they didn't simply drop out.) Stanford, MIT, and the University of Maryland's
Baltimore County campus all have their own successful versions of the program, and one of
the best, at Georgia Tech, has e liminated the performance gap between black and white
engineering students.

Without more rigorous independent evaluation, it's hard to say exactly why these programs
work. Some advocates think it's the watchful counseling, not unlike the hand-holding at
Xavier, that seems to be especially important for kids whose parents haven't been to college
and don't have middle-class attitudes toward education. Other minority educators stress the
teachers' high expectations, something even good black students like de Coteau do not
always experience in other classrooms. Most persuasive for an outside observer is the
programs' culture of discipline and accomplishment. De Coteau and her fellow students
learned that, if they worked hard, they could succeed. They experienced, perhaps for the first
time, the way achievement can be its own reward a nd tasted the intoxicating self-confidence
that comes only with effort and hard-won success. Yet, surprisingly, this is not what de
Coteau emphasizes about her experience at Berkeley. Instead, like Treisman himself, she
believes that what really mattered was the esprit de corps that developed among her black and
Hispanic classmates, who learned from one another that it was possible for them to do well in
science--even as well as the Asian and white kids they saw excelling in their gateway
courses. "Withou t the close friends I made there," she says, "I never would have made it. We
inspired each other. We felt we were all in it together. It wasn't us against the white kids. But
it was important to affirm ourselves and not get intimidated."

ke
I
4
N
¥
;
e
&t

The success of Treisman's programs and those at historically black colleges leads back, then,
to the loaded question of race and culture: Is there something specifically racial about blacks'
failure to do well in science--something that can best be remedi ed by a race-conscious
solution? Many educators and successful black scientists insist not: the answer, they argue, is
better teaching--for black students of all ages as well as for whites. But just as many
professionals and minority students agree with d e Coteau that blacks come to school with
special disadvantages and need special help in overcoming them.

What are the disadvantages exactly? As different as different people's answers are, after a
while, most seem to point in the same direction. "It starts with stereotypes, black people's
stereotypes about math and science,” says Silicon Valley veteran Micha el Fields, a former
president of Oracle USA and one of the most successful blacks in the business. "The biggest
problem is not discrimination--not at all. It's people's preconceptions about “the math thing."
! Is the issue just that math and science are as sociated with white people, as anthropologist
John Ogbu suggests, or is.there something special about these disciplines that blacks find
3 particularly frightening? Another African American who has made it to the top of the
high-tech pyramid, Intel executiv e and chemistry Ph.D. Cheryl Shavers, thinks there is
something different about these subjects. "Science is extremely challenging," she explains.
"There is a right answer and a wrong answer. If you don't get the right answer, you feel like a
%oser.... [B] lack kids are especially sensitive to this because many of them already feel like
osers."

Of course, segregated group study has its own potential costs, and it could encourage students
to think in racial categories. But, as long as workshops like Treisman's go on producing
results, the idea of minority group study will remain popular. The spri nkling of white
students in most of these programs will probably protect them against charges of reverse
discrimination, and, in the short-term, most will continue to be used as a complement to
preferences--a way to retain poorly prepared kids who otherwi se might not make it-- rather

f than an alternative, before students apply to college. Meanwhile, even observers like de
§ Coteau who believe that the problem begins with black students' feelings of inadequacy don't
1 seem to see how preferences fuel that self- doubt and undermine the culture of

accomplishment that the best pipeline programs work so hard to instill.
The 25-year struggle to close the Jigital divide holds a rich lode of lessons about the
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black-white academic gap, not just in science but also more generally. By now, everyone
acknowledges that ultimately the answer is to enlarge the pipeline. Yet the civ il rights
movement and others continue to distract from that task by demanding an impossible quick
fix from academia and industry. Similarly, just about everyone understands that personal
effort and a culture of accomplishment are critical. But too many a ctivists and educators still
encourage failing kids to blame "the system"--teachers, tests, and admissions policies--rather
than reminding students that ultimately they are responsible and only they can do the hard
work that will make the difference for t hem. What can be done about ambivalent black
attitudes toward schooling? How do we help poor families make the leap to middle-class
child-rearing practices? How do we uproot the racial fears that lead black students to avoid
the challenge of science and o ther subjects? As long as we don't know the answers--and we
are a long, long way from knowing them--we are only fiddling at the edges of the
black-white science gap.

The newest and most encouraging trend in pipeline programs is to start them earlier, not just
in high school but better yet in middle school and, if possible, earlier still. Alongside the push
to provide minority students with access to computers, teacher s are experimenting with more
"hands on" instruction (fewer abstract concepts, more tactile demonstrations). Others stress
the "news you can use" approach (looking to the technology of cars or even turntables to
teach science). Still others, like the best college programs, use smaller classes and demanding
teachers to create a community of learning and accomplishment.

Carlmont High School, in the heart of Silicon Valley, does a little of all of this as it struggles
to educate the children of high-tech entrepreneurs along with those from poor and heavily
minority East Palo Alto. Walking through the building--a once-styl ish, cantilevered affair,
now a little run-down and old-fashioned looking—one is immediately struck by the contrast
between the kids on the fast track and those hanging out in the hallways. Not all of the former
are white, and Principal Debbra Lindo is v isibly proud of her staff's success in helping some
of the poorest and least likely black students onto the path toward higher learning. Still, as
one walks through the locker-lined halls, it's hard not to feel a little discouraged. There is so
much yet t 0 do, and it is so easy for even a talented child to fall through the cracks--if she
isn't noticed by a teacher or recruited along the way for special intervention. Carlmont offers
higher-level science courses, but only a small percentage of students take them; and it would
be unrealistic, Lindo says, to require algebra or a year of science for graduation. This may not
be the school's fault--not even the best teachers can work miracles--but, as long as it's true,
for whatever reason, the digital divide wi 1l gape as dauntingly as ever.

Tamar Jacdby, a senior fellow of the Manhattan Institute, is the author of Someone Else's
House: America’s Unfinished Struggle for Integration (Free Press).

(Copyright 1999, The New Republic)
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PREPARING OUR CHILDREN:
MATH AND SCIENCE EDUCATION IN THE NATIONAL INTEREST

An NSB Report on Mathematics and Science Achievement

I Introduction: Student Achievement as a Shared Responsibility

Almost 10 years ago, President Bush and the state governors “set goals aimed at
preparing all the Nation’s children to improve their achievement in core subjects and
outpace the world in at least math and science by 2000.”' The urgency of the ensuing
national debate on how to improve academic achievement by U.S. elementary, middle,
and high school students — and the consequences of failing to do so — remains
undiminished today. At issue is who ostensibly defines the content to be learned, and
who ensures the opportunity to teach and learn it well. While resolutions will be local,
the dialogue that precedes them should reflect experiences from across the Nation, as
well as research and evaluation of processes and outcomes, including international

comparisons..

The National Science Board (NSB), the governing body for the National Science
Foundation, is charged with advising the President and the Congress on matters of
national science policy.” Last July, the NSB issued Failing Our Children, a statement
urging “all stakeholders in our vast grass-roots system of K-12 education to develop a
nation-wide consensus for a common core of knowledge and competency in mathematics
and science.”! “In the new global context,” the statement continues, “a scientifically
literate population is vital to the democratic process, a healthy economy, and our quality

of life.”

* As stipulated in the National Science Foundation Act of 1950. as amended. 42.U.S.C. Sec. 1861.¢ef seq.

" National Science Board. Failing Our Children: Implications of the Third International \Mathematics and
Science Study. July 31, 1998, NSB-98-154 (hereafter referred to as the “July statement”).

(1 I
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Just as the inability to read puts a child at risk of truancy and becoming a schooi
dropout, deficiencies in mathematics and science have become a barrier to higher
education and the 21* century workplace. Preparation of new generations for entry to
both of these worlds is a community responsibility; it cannot be delegated solely to
teachers and schools. Thus, the articulation of K-12 content standards with college
admissions criteria is vital for conveying the national expectation that educational
excellence improves not just the health of science, but everyone’s life chances through

productive employment, active citizenship, and continuous learning.

Moreover, the future of the science enterprise is renewed through a continuous
flow of talent into the Nation's science and engineering workforce — talent that embodies
certain core skills and competencies derived from education and training shaped by the
highest standards of quality.” The NSB believes that nothing is more essential to the
heaith of the science enterprise than human resources — the people who are prepared for

careers that produce the next generation of knowledge, products, and processes in al

sectors of the economy.

It is imperative to raise the voice of the science and engineerihg communities,” as
the chief practitioners of research and education, in the nationai dialogue on improving
the teaching and learning of mathematics and science. Together with elected officials,
school administrators, classroom teachers, parents, and employers (especially those from
knowledge-based industries), scientists and engineers bring a valuable perspective on

mathematics and science as a way of knowing, a transferabie skill, and a citizenship tool

as we enter a new millennium.

¢

" In its 1980 reauthorization in the Science and Engineering Equal Opportunities Act (42 U.S.C. 1885) and
subscquently in Title I of the Education for Economic Security Act (20 U.S.C 3911 to 3922). NSF waus
given additional authority to increase participation by groups historically underrepresented in science.

" The words “science™ and “scicntists” sometimes appear in this report as a shorthand for the principal
participants in the community of scientists. inathermaticians. cngineers. technologists. as well as math and
science educators at grades K-16. They are all central to what is sometimes called “SMET cducation.”
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In a culture dedicated to opportunity for all. nothing is more important than
preparing our children for the future workplace. In the science, mathematics,
engineering, and technology (SMET) education of all students, K-12 through post-
graduate, the NSB believes that rigor and depth of content are keys to preparation.”
Education reform is a long-term proposition. In this report, the Board sets forth what it
considers the necessary conditions for academic achievement, including concurrence on

what constitutes “basic skills” for the 21* century.

Science education in the U.S. has received several national wake-up calls since
the launching of Sputnik in 1957, including the publication of A Nation at Risk in 1983.
More recently, the Third Intemationaﬂl Mathematics and Science Study (TIMSS)® warned
that America’s children ages 13-17 are, on average, not leading, but lagging the world in
mathematics and science achievement. Every parent — not just scientists, educators, and

employers — should be alarmed by these results.

The school systems of high-performing countries share characteristics that can be -
gleaned from the TIMSS data. These data range from content analysis of textbooks,
curricula, and classroom videotapes, to ethnographic case studies and surveys of
teachers’ attitudes and students’ coursetaking.> The characteristics that emerge include:

e acoherent vision of what all students in each successive grade should learn, with

a focus on a few topics in depth both in their textbooks and classroom instruction:

e instruction delivered by teachers well-prepared in the subject, who benefit from
out-of-class opportunities to develop lessons, and consult regularly with teachers
and other resource persons; and

e alignment between what is expected, taught, tested, and rewarded for students,
teachers, and schools.

All high-performing countries show student gains between grades 3 and 4, and

again between grades 7 and 8. The U.S. does not. Even in 4™ grade, where U.S.

" One of NSF's three overarching goals is to “Achieve excellence in U.S. science. mathematics.
cngineering. and technology education at all levels.” This “requires attention to needs at every level of
schooling and access to . . . educational opportunities for every member of society” N'SF in a Changing
Il'orld: Executive Summarv of The National Science Foundation’s Strategic Plan (1995. NSF 95-142): 3.
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students do well relative to those in other countries, their performance in physical science
areas is weak, foreshadowing their average performance at 8" grade and their
unacceptably poor showing at 12" grade. When we compare our K-12 schools and
curricula in light of the TIMSS resuits, we find many teachers lacking good content
preparation and, in the aggregate, a muddled and superficial curriculum. Even excellent
pedagogy cannot inspire learning what the world’s best-performing children are expécted
to know in these circumstances. Amidst the diversity of students and systems — large and
small, wealthy and disadvantaged, urban and suburban and rural - there is an overarching

reality: in too many American schools there is too little quality science and mathematics

being taught and learned.

In addition, while U.S. graduate education remains the envy of the world, the
declining interest and participation of domestic students in science and engineering must
be taken as a disturbing sign that K-12 mathematics and science education is failing to
renew, expand, and prepare our talent pool.* This decline clearly suggests that the
performance of U.S. students 'signals uneven preparation for college-level study, a lack of
readiness for the world of work, an accumulating disadvantage in the global economic

competition to come. A further implication, more subtle and harder to demonstrate, is

. that as American schools fail more youngsters, this nation’s capability to innovate, solve

problems, and produce - /o sustain world leadership - is in jeopardy.

With such a prospect in mind, the National Science Board asks how to address the
national interest through local strategies that promote academic achievement in
mathematics and science. Drawing on research and analysis, this report asserts that
stakeholders working in their home communities can converge on what matters most for
mathematics and science achievement - rigorous content standards, high expectations fqr
teaching and learning, teachers well-prepared in the subjects they are teaching, and
meaningful measures of accountability. Such convergence can help clarify shared
responsibility, identify where contention resides, and suggest how research can illuminate
both what is known and what needs to be known. The Federal role in elevating

education practice and student performance is catalytic and analytical -~ one resource
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among many helping to foster the conditions under which all students, schools, parents,

and communities can together boost academic achievement.

L. Content Standards for All Schools

No topic in education has stirred more emotion than “standards.” As
communities debate the essence and intended influence of standards on what teachers
teach and their children learn, the national interest often recedes from view. The national
interest is grounded in the importance of a strong, competitive workforce for the future of
the Nation and a citizenry equipped to function in a complex world. That interest
encompasses what every student in a grade should know and be able to do in
mathematics and science (among other core subjects). Today’s mobile society means

that local schools have become a de Jacto national resource for learning,

The NSB believes that stakeholders must develop a much-needed consensus on
@ common core of mathematics and science knowledge and skills to be embedded

consistently in classroom teaching and learning.

In the remainder of this section, we address two issues that underpin this core
recommendation: the need for standards in a mobile population, and the role of nation-

wide standards in the context of local school governance.

A, Student Mobility

In the July statement, the NSB notes that “Students often move several times
during their K-' 12 education, encountering varying curricula and instructional materials
that cover an increasing number of topics while sacrificing depth and rigor.” National
data show that 31 percent of the 8% grade class of 1988 changed schools two or more
times between grades 1 and 8.° Ten percent changed schools two 6r more times during

high school, i.e.. between 1988 and 1997 White students were less likely to move than

“US. Department of Education. National Center for Education Statistics, National Education Longitudinal
Study of 1988. Base Year ( 1988) and Second Follow-up (1992) Surveys. Data that extend this ume series
will not be available until 2000. Also. mobility rates in urban districts arc probably higher than this
nauonal average. The Houston Independent School District. for instance. reports a 38 percent mobility rate
in 1998 (C. Lanius. personal communication. Sept. 8. 1998).
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ethnic minorities: students who lived with their mother and father during the 8" grade
were less likely to have changed schools than students in single-parent or other family
situations. And students in low-income families were more likely to change schools than
students with family incomes exceeding $20,000. According to the U.S. Department of
Education, “students change schools for academic. personal, and family-related reasons.
Those who make frequent school changes can experience inappropriate placement in a
new school, lack of continuity of lesson content, disruptions in social ties, and feelings of
alienation. Teachers may also find it difficult to identify and meet the academic needs of
the highly mobile student.”® This “mobile student” segment of the school population also
has implications for other phenomena that affect the Nation’s workforce — high school

dropouts and completions.”

Special local programs alone will not compensate for the learning deficiencies
created by the movement of children between school districts. A sounder approach is
student access to exemplary teachers and support that begins with agreement on the
“minimum requirements” of what, say, all 5t graders should know and be able to do in
mathematics and science. Without defining these requirements, mobility becomes
another disadvantage that accumulates, leaving some children further behind or labeling
them inappropriately.

,

If the content of instruction encountered by students in 5" grade math classes in
Missoula is unlike its counterpart in Cincinnati, then every transfer student — regardless
of what she has been taught and is prepared to learn — will have little opportunity
(exacerbated by the lack of continuity) for making academic progress. This situation is

all too common across the U.S.!

" Most strikingly. Hispanics ~ the fastest growing scgment of the school-age population — drop out of high
school at higher rates and attain lower levels of cducation than other groups. U.S. Department of
Education. National Center for Education Statistics. The Condition of Education - 1998. Indicator 24
</Mnces.cd.gov/pubsy8/conditiony8/cv824a01 . himi>.

" Content standards need not encroach on teachers™ creativity in presenting material. As Finn et al. ("Four
Reasons Why Most [State Standards] *Don’t Cut the Mustard. ™ Education !l'eek. Nov. 235. 1998: 56. 39

put it: “Standards. if done right. should not standardize what happens within schools. Rather. they should
free the schools from top-down dictates while obliging them to focus on results. This will cnable various

school models to emerge. from “progressive” 1o "traditional.” and everything in between — a range of

7
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A remedy is content - instructional materials, teaching, and testing aligned to
something beyond, or in addition to, a local standard that gauges learning by every old
and new kid on the block. The needs of the mobile student population beg for some
coordination of content and resources. Structures and practices must help to prevent
mobile students — who tend to be ethnic minorities, poor, or come from one-parent
families - from slipping through the cracks of a school or district. Better record-keeping
is only a start. To help recognize learning needs, classroom teachers must be better

informed about the content preparation of newly-arrived students.”

Student mobility illustrates a systemic problem that demands systemic solutions.
Unless the needs of the mobile student population are addressed, other bigger problems

loom. If school imparts too few skills, the teenager is at greater risk of dropping out and

. becoming dependent on another set of social services. If transience and mobility between

schools reduces students’ access to quality teachers, instruction, and materials because of
content that lacks consistency across districts and grades, then guidelines that transcend

statewide practices and help to minimize the disruptions of change should be welcome.

B. Standards and Accountability

A decade ago, national standards in mathematics and science began to be

designed by the American Association for the Advancement of Science (AAAS), the

choices that can better serve the needs and learning styles of children and the passions and talents of
teachers™ (quote from 39).

" For example. the [EP (Individualized Education Program) is a locally administered but nationally
standard tool used to guide and monitor services specifically designed to meet the needs of special
cducation students. Depending on the disability. a statement of goals. setting, and supports necessary for
the student to perform academically must be completed. with parents’ consent. before services can be
provided. as stipulated in the Individuals with Disabilities Education Act (IDEA). One idea is to ’
cncapsuiate a version of the [EP in a “digital portfolio.” ¢.g. a CD-ROM. containing each student’s
academic history — what courses s/he has taken and learned at what level of proficiency. This would travel
with the student. so that “receiving” districts would not have to rely on the records and responsiveness of
“sending” districts. A version of this innovation was a prize-winner in the 1998 Bayer/NSF Award for
Community Innovation competition that challenged student teams to use science and technology in
developing solutions to real-life community problems. A team from Atlanta proposed T.A.S.K.—Tracking
and Saving Kids Force. creating a clearinghouse to assist parents in locating, retrieving. and storing the
school and immunization information of homeless and transient students. See <//wvww.nsf.gov/od/lpa/
cvents/bavernsf/winrelea.hitm>. ’
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National _Coun_cil of Teachers of Mathematics (NCTM), and the National Academy of
Sciences (NAS), in close consultation with all stakeholders in education — preschool to
graduate school. These standards. while evolving, have been endorsed — generically if
not specifically — by organizations as diverse as the American Federation of Teachers.
The Business Roundtable, the Education Commission of the States, and the CEOs of over

200 Silicon Valley high-tech companies.*

The reality today is that virtually all states have curriculum frameworks that use
the NCTM, AAAS, and the NAS documents as points of reference for teaching
challenging mathematics and science.” These independently-generated frameworks
signify an emerging consensus that offers a national resource on which local districts
across the U.S. can draw as they define “basic skills” and formulate guides to classroom

practice.

The existence of frameworks has not translated content standards into widespread
classroom practice.® “Translation,” of course, requires change - teacher by teacher,
textbook by textbook, classroom by classroom. There is no “one size fits all”
implementation plan. In this sense, the Federal role in the national movement toward
standards is at best supportive. “National” standards do not mean “federal,” “federally
mandated,” “standardized,” or “homogeneous." Indeed, the relation of “nation-wide”
standards to state frameworks and to what is actually taught in classrooms remains murky
at best.” Imparting core competencies neither defines an entire curriculum nor precludes

locally-held beliefs and prerogatives about the content of that curriculum.

Rather, math and science competencies must try to anticipate future national
needs as convergence on the definition, content, and use of standards continues to grow.9
For example, NSF, NASA, and other agencies have funded instructional materials

development, yielding models that reflect professional consensus on what constitutes’

" In the words of a recent commentary, “Standards should not prescribe teaching methods. devise classroom
strategies. or substitute for lesson plans. Standards are about ends. not means. Yet many states either do
not understand this distinction or do not agree with it. Too often. pedagogy and ideology have sceped into
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teachable content standards in mathematics and science.” The evaluation and distribution

of such materials help districts, teachers, and administrators make informed choices

. . +
among nnovative resources.'

In a recent review of the status of standards. the President of the National Center
on Education and the Economy identified what will reinforce high academic
performance.'® Attaining such performance, by pursuing the following, is consistent with

the states’ role as chief accountability agent:

e assessments set to the standards (if you cannot accurately measure progress
toward the standards, they are unlikely to influence behavior);

¢ curriculum set to the standards (what is taught is what is learned);

e incentives for the students to meet the standards (students presently have
incentives to stay in high school to get the diploma, but little incentive to take
tough courses or work hard),

e arelentless focus on results (develop a strong rewards-and-consequences system
tied to the standards and directed to the staff of schools; making progress would
be rewarded, repeatedly dismal performance would put jobs at risk);

+ a modern accountability system (put performance standards in place, institute

appropriate measures of progress, and decide how to raise the students to the
standards); and

e accurate, detailed, up-to- date data on student performance (readily available to
parents and-policymakers).*

their standards.” See C.E. Finn. Ir.. et al.. op.cit.. 1998.

" NSF programs. for instance. support a range of projects. In its NSF oversight role. the NSB would apply
the national policy analysis of this report to NSF programs designed to address the myriad needs of school
systems. In its 1999 Government Performance and Resuits Act performance report. NSF will evaluate the
outcomes of its investments in Education and Training. With this NSF report is in hand, the NSB couid
better address NSF portfolio questions.

" For example. see AAAS’ Project 2061 at <http://project2061.aaas.org>. This “Guidebook to Examine
School Curricula” features a “curriculum analysis procedure” for evaluating existing classroom materials. It
is part of the TIAISS Resource Kit found at <//timss.enc.org/TIMSS/timss/curicuia>.

* "What standards should do. among other things, is tell teachers what the experts think [based on researchj
is most worth teaching. .. Looked at that way, the changes that have taken place since the start of the
standards movement arc impressive. but not nearly enough. That is hardly cause for despair. It is cause for
redoubled effort.” M.S. Tucker. “The State of Standards: Powerful Tool or Symbolic Gesture?” Expecting
Alore (Newsletter on Standards-Based Reform). 1 (Spring 1998): 2. Also see D. French. “The State’s Role
in Shaping a Progressive Vision of Public Education.” Phi Delta Kappan. November 1998: 185-194.

10
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The reality of educational accountability lags these attainable prerequisites for
student achievement. As Quality Counts '99, a survey of state policies on accountability,
concludes, “most have a long way to go in making their accountability systems clear, fair,
and complete.” The survey finds, for example, that 49 states (all but lowa) have or are
drafting standards in core subjects, 48 now test their students, and 36 publish annual
report cards on individual schools. Fewer than half publicly rate the performance of all
schools or identify low-performing ones. Only 16 states have the power to close, take
over, or overhaul chronically failing schools. While 19 require students to pass tests to
graduate from high school, only two have attempted to tie teacher evaluations to student
performance. Finally, while most states rely on test scores to help determine “rewards
and sanctions,” the focus is primarily on schools rather than individual educators, -

penalties are threatened but not imposed, and there is no agreed-upon strategy for fixing

failing schools. "'

Accountability may begin with standards. But because content standards are
mere abstractions until melded with instructional and student performance standards,
teaching and assessment are intimately (and perhaps inevitably) bound up in discussions '
of standards.'? Bound up as well are expectations — not just of students but also of
teachers, parents, and the Nation. Test performance, too, must be interpreted relative to
something, be it expectations or course offerings, and coursetaking (i.e., curriculum and
the opportunity to learn it). Without a standard, tests become mere comparisons among
students — norm-referenced tests — uncalibrated by content. They also risk missing or
mismeasuring cbmplex cognitive and performance proficiencies. In the very worst case,
they measure what children bring to school, not what they /earn in school. Student
achievement, in short, should reflect the value added by schooling, not the distribution of
class or home (dis)advantages that characterize the U.S. student population. Standards
should help us think about the relation of science literacy to basic skills. What those
skills are fuels the ability to apply knowledge to new contexts and problems.
Controversy over how students acquire them seems to distract communities from

achieving what most avow is in the national interest.

11
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Teachers’ cognitive expectations, or what they believe the child can learn, set the
stage for performance. Additionally, the child must be convinced of his/her own
capability. Asserting that "all children can learn" reflects the power of standards and
accountability: increasing mathematics and science graduation requirements (to at least
three and preferably four years of each); eliminating remedial courses (and the tracking
and ability grouﬁing they denote), and holding principals, guidance counselors, and
teachers — along with students themselves — accountable for academic improvement. All
students can be held to the same high standard of performance, so that race, ethnicity,

gender, physical disability, and economic disadvantage can diminish as excuses for

subpar performance.’

Likewise, parents’ expectations influence achievement. The research literature
indicates that parents decide to become involved in the education of their children due to
three principal factors: what they believe is important, necessary, and permissible for
them to do with and on behalf of their children; the extent to which they believe they can
exert positive influence on their children’s education; and their perceptions that the child
and the school want them to be involved. Various factors, but particularly change of .

residence, inhibit parental involvement. '

Of course, adoption of curricula with challenging content and parental
involvement will not willy-nilly boost American students’ academic achievement.
Curriculum innovations have historically failed to influence teaching and learning
practices due, in part, to teachers’ scarce opportunities to learn new content and improve
their practice. Although teachers are instrumental in student learning, no one component
can transform the quality of schooling, improve student achievement, and communicate

to all stakeholders (especially parents) why changes should be tried, indeed supported,

" Such changes are examples of “policy drivers” that are central to the program design of NSF's Urban
Systemic [nitiatives (USI). While each USI may follow a different reform trajectorv for achieving the goal
of system-wide. challenging mathematics instruction for all students. progress toward this goal — as
reflected in student achievement data - is the chief outcome for which the districts are held accountable.
"Such improvements are called *systemic’ because they fundamentally alter the school svstems in which
they occur.” See L.S. Williams. The Urban Svstemic Initiatives (USI) Program of the National Science
[oundation: Summary Update. July 1998, quote from 3: and The National Science Foundation's Urban
Svstemic Inititiatives (USI) Program: Afodels of Reform of K-12 Science and Mathematics Education
(Westat*McKenzie Consortium. October 1998).

12
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before positive results will be observed (much less measured). That is why a systemic
vision — the U.S. as a “common market” for knowledge workers with transferable skilis —

is needed to integrate all components of teaching and learning.

For U.S. student achievement to rise, a consensus on standards, from classroom to
statehouse, must be forged. The recommendations discussed below ali contribute to
etfective implementation of the Board’s core recommendation. Implementation is
addressed to areas of action for which stakeholders share responsibility. Of special
emphasis are NSB proposals for how the science community can collaborate to advance
the consensus on core competencies, and how national and international experience

should inform decisions about mathematics and science teaching and learning.

II. Building a Seamiess Education Svstem. K-16

Content standards that nurture a science-literate population serve the national
interest. Implementing standards creates opportunities to change both the conditions for
learning and the performance of U.S. students. This is a call to transcend a dangerously
balkanized system and assist local communities to support teachers and learners of
mathematics and science, K-16. To reiterate the NSB July statement, “No nation can
afford to tolerate what prevails in American schooling: generally low expectations and

low performance, with only pockets of excellence at a world-class level of achievement.”

The NSB proposes three areas for consensual national action to improve
- mathematics and science teaching and learning: instructional materials, teacher

preparation, and college admission. We address each in turn.

A. Instructional Materials

U.S. students, TIMSS showed us, are not taught what they need to know. Most
U.S. high school students don't take advanced science; they opt out, with only one- |
quarter enrolling in physics, one-half in chemistry. Instructional materials are not the
only culprit, but surely contribute to this science-aversion. As the president of the

American Physical Society puts it, "Both common sense and modern educational theory

13
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tell us that students, when asked to memorize disconnected facts without truly

understanding them, quickly lose interest in the subject."’

From the TIMSS analysis we also learned that mathematics and science curricula
in U.S. high schools lack coherence, depth, and continuity; they cover too many topics in
a superficial way. In short, TIMSS demonstrated that content matters — and students
must have the opportunity to learn it. While most countries introduce algebra and
geometry in the middle grades, only one in four U.S. students take algebra before high
school. Topics on the general knowledge 12th grade mathematics assessment Were
covered by the 9th grade in the U.S., but by 7¢A in most other countries. In the general

science assessment, topics in the U.S. were covered by 11th grade, but by 9tk grade in

other countries.

Students' exposure to challenging mathematics and science content is limited, it
seems, by what is offered fhem and the coursetaking choices they make. According to
TIMSS, 90 percent of U.S. high school students stop taking math before getting to
calculus. Among college-bound students, half had not taken physics or trigonometry;
three in four had not taken calculus, while one in three had taken less than four years of

mathematics.

The TIMSS analysis also disclosed that most general science textbooks in the
U.S. touch on many topics rather than probe aﬁy one in depth. The five most emphasized
topics in 4th grade science texts accounted for 25 percent of total pages compared with an
international average in the 70-75 percent range. General mathematics textbooks in the
U.S. contain an average of 36 different topics; texts in Japan cover 8 topics, in Germany,
4-5. In middle school (grades 5-8), while the world proceeds to teach algebra and
geometry, the U.S. continues to teach arithmetic. All high;perfonning countries show

student gains between grades 3 and 4, and again between grades 7 and 8. The U.S. does

" Content is closely monitored due to its potential impact on the kinds of instructional materials that
textbook publishers produce for students’ nation-wide. For example. see J. Basinger, “Coalition Lashes
Out at California’s Proposed Science-Education Standards for Schools.” The Chronicle of H:gher
Education. Sept. 3. 1998 <//chronicle.com/daily/98/09/98090301n.htm>,
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not. Like others, the NSB believes this reflects a muddled, unfocused. repetitious, and

superticial curriculum.

Without some degree of consensus on content for each grade level. textbooks will
continue to be all-inclusive and superficial. If used as the foundation for instruction.
these textbooks will fail to challenge and motivate students to exercise their curiosity and

experience mathematics and science as ways of knowing.

At their best, curriculum materials energize learning. But we learn in different
ways. Curriculum developers therefore offer altemative. formats for their textbooks.”
Some emphasize rote learning, others coherent knowledge of science content and
process, sometimes with the concurrent use of mathematics. ¥ Few introduce real-world
interdisciplinary problems and serve as thejfoundation for Advanced Placement courses,
school-to-work transition courses, or the challenges of a liberal arts college education.”
Most innovative science curricula, for instance, seek coherence, integration, and
movement from concrete ideas to abstract concepts. Furthermore, they stress inquiry, a
connectivity among disciplines, a concern for societal implications, and a scientific “way
of knowing.” Taken together, they would foster in the high school graduate what we

would term “science literacy.”

Teaching and learning to high standards cannot be the province only of some

schools, teachers, and students. To be systemic, 15,000 school districts should not

" Middlc school math textbooks. for example. offer few excellent choices. Separate reviews by AAAS’
Project 2061 and a parent group called “Mathematically Correct” found litie agreement on which texts to
rccommend. They differ over learning strategies. with the Project 2061 review team of 24 teachers and
mathematicians giving Connected Mathematics consistently high marks on the content criteria or
“benclunarks™ used to rate a dozen textbooks. See D.J. Hoff. “Reviews of Math Text Parallel Pedagogy
Rifts. Lducation IFeek. Jan. 27. 1999 <www.edweek.org/ew/current/20math.h18>. Also see M. T. Battista.
“The Mathematical Miseducation of America’s Youth.” Phi Delta Kappan. February 1999: 425-433.

" M.G. Bardeen and L.M. Lederman. “Coherence in Science Education.” Science. vol. 281. July 10. 1998.

‘pp. 178-179. By reconceptualizing the traditional sequence of biology, chemistry, and physics. for

instance. science curricula face serious barriers to implementation, Materials and tests would have to
change. Tcachers would require professional development to compensate for their lack of command of
content. Tcamwork among teachers with the requisite expertise would be essentiat. Nothing short of a
restructured school day and calendar would need to be instituted — in all. systemic change.
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engage in the same curriculum-based experiments and repeat all-too-familiar mistakes.
They should reap the benefit of what other districts have tried. Since most decisions on
textbooks and related instructional materials are made at state or local district levels, they
frequently incorporate some mechanism for citizen review and advice.

Recommendation 1: To implement its core recommendation (above) through

instructional materials:

i The NSB urges (a) broad adoption of the principle of
citizen review; (b) active participation on citizen advisory
boards by educators and practicing mathematicians and
scientists, as well as parents and employers from
kmowledge-based industries; and (c) use of public forums to
Joster dialogue between textbook publishers and advisory
boards in the review process.

ii. Accompanying this process should be an ongoing national
dialogue on appropriate measures for evaluation of
textbooks and instructional materials for use in the
classroom. The NSB urges professional associations in
the science community to take a lead in stimulating this
dialogue and in formulating checklists or content
inventories that could be valuable to their members, and all
stakeholders, in the evaluation process.

B. Teacher Preparation

Public opinion overwhelming favors “ensuring a well-qualified teacher in every
classroom” as the top education priority. Indeed, teachers — once viewed as central to the
problem of student underachievement ~ are now being recognized as the solution.” In
teacher preparation there is a “multiplier effect” that can span generations. While a
sound undergraduate science education is essential for producing the next generation of
scientists, it is equally critical for future teachers of science. The refrain, “you can’t teach

what you don’t know,”"* surely applies.

There are many signs that teachers in the classroom cannot rely on their

undergraduate education when teaching mathematics or science. According to the

16
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National Commission on Teaching and America’s Future. as many as one in four teachers
is teaching “out of field.” The National Association of State Directors of Teacher
Education and Certification reports that only 28 states require prospective teachers to
pass examinations in the subject areas they plan to teach, and only 13 states test them on
their teaching skills.'® Many students who turned away from mathematics and science in

college become elementary school teachers.

The NSB thus believes that improving future teacher preparation is crucial for
improving their performance in the classroom and the achievement of their students. One
commentator has noted that all the experimentation in full bloom across the U.S. - “class
size, physical resources, local administration — can help. But good teaching is the vein of
gold. To mine it, we'll have to pay more to attract and keep the best. And we'll need to

be sure we get our money's worth by requiring strong preparation, and performance up to

»l7

measurable standards. There is a threshold of preparation and competence that all

future teachers of mathematics and science must initially reach, and then augment, as

their careers unfold.

The distributed character of our education system and the diversity of higher
education institutions illuminate the problem. Over 1250 colleges and universities
prepare future teachers, and 700 are regularly audited by the National Council for the
Accreditation of Teacher Education (NCATE), which has contractual relations with 36
States. But NCATE accredits programs, while the 50 States credential teachers,'® and the
teachers are employed by 15,000 independent schoot districts. This recipe for distributed
responsibility has resulted in much variance in course requirements for budding teachers
and uneven quality in teacher education. Maintaining, enhancing, and “scal.ing up” or
spreading quality in a distributed system are difficult at best. Codified, widely shared
goals and standards in teacher preparation, licensure, and professional development

provide mechanisms to overcome these difficulties.

" Teaching was recently hailed as “the essential profession.” See J. Archer. “Public Prefers Competent
Teachers to Other Reforms. Survey Finds.” Education Week. Nov. 25. 1998: 6. The survey results for The
Fssential Profession can be scen at <www mnt.org/tep.html>.

17
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What we have learned about mathematics and science teachers already in the
classroom is dismaving. While most teachers embrace a vision of high standards for all
students, cooperative learning (in small groups), and the use of technology (computers
and calculators), their instructional strategies fall short of the vision.” Many teachers lack
support to plan and deliver quality instruction: 1 in 2 teachers feel inadequately prepared
to integrate computers into instruction, and 2 in 5 feel inadequately prepared to use math
or science textbooks as a resource rather than as the primary instructional tool, or to use
performance-based assessments. Fewer than 1 in 3 teachers feel prepared to teach life
science, and only 1 in 10 feel prepared for the physical science course they are teaching.
In addition, more than a third of elementary teachers, and more than half of high school

mathematics and science teachers in 1993, felt unprepared to involve parents in the

education of their children!

Thus, in addition to teacher preparation, we have the continuing challenge of

_ professional development, where school districts update the knowledge, skills, and

strategies that teachers bring into the classroom. No professional is equipped to practice
for all time, i.e., be an inexhaustible “vein of gold.” We cannot expect world-class
student learning of mathematics and science if U.S. teachers lack the confidence,

enthusiasm, and knowledge to deliver world-class instruction.

As a body of scientists and engineers, the NSB believes that content background
matters for classroom performance. For exarhple, the proportion of Presidential awardee

teachers in mathematics and science with degrees in the fields they teach is much higher

than in the total teacher population.’

" The most recent national study, based on a probability sample of 1250 schools and 6000 teachers in
grades 1-12. is the 1993 National Survey of Science and Mathematics Education. See I. Weiss. “The Status
of Science and Mathematics Teaching in the United States: Comparing Teacher Views and Classroom
Practice to Nationa! Standards.” NISE Brief (University of Wisconsin-Madison). 1 (June 1997): 1-8. A
new U.S. Department of Education report. “Teacher Quality: A Report on the Preparation and
Qualifications of Public School Teachers.” based on a national survey of 4000 veteran and new teachers of

- all subjects (not just math and science) confirms these resuits. See J. Basinger. "Most New Schoolteachers

Feel Unprepared for Recent Demands of the Classroom. Survey Finds.” The Chronicle of Higher
Lducation, Jan. 29. 1999. and <www.nces.ed. gov/pubsearch/pubsinfo.asp?pubid=1999080>.

" In 1996. a sample of 930 recipients of Presidential Awards for Excelience in Mathematics and Science
Teaching, bestowed annually since 1982 on a mathematics teacher and a science teacher at the secondary
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Likewise, professional development ~ intensive and rigorous, with follow-up —
can overcome flaws in content and pedagogical training. Recently, a decade-long study
clearly established the links among professional development, changes in teaching

practice. and improved student achievement in California.'® But school districts should

. not be left to shoulder the burden of training that undergraduate education failed to

deliver. This becomes an expensive form of compensatory teacher education — and a
diversion of scarce resources that could be put toward much-needed merit-based salary
increases for teachers, the purchase of new materials and classroom equipment, and

ongoing professional development.

As another commentator notes, it is important to connect professional
development to the evaluation of teachers and to student performance:

The disconnect between professional development and growth-oriented
performance appraisal is hard-wired into prevailing practice, if not into collective
bargaining agreements. Few principals align their evaluations of teachers with
expected competencies addressed through professional development. . .. What’s
good for students should be good for our teachers. In schools, professional
development must be viewed as part of a comprehensive system . . . that supports
teachers and administrators in continually improving their proficiency with
respect to specific competencies linked to student-learning outcomes.”

Without instructional quality control, motivating students to learn to world-class
standards is futile. But teacher-strapped districts are apt to sacrifice quality for quantity ~

more experience for less salary — in hiring. State agencies routinely issue temporary,

level from every State and U.S. territory. was surveyed for the first time. The findings showed that over 70
percent of the high school Awardees had majored in a science discipline, compared to 54 percent
nationally. Awardees in mathematics similarly majored in math in a proportion well bevond the national
average (55 v. 39 percent). This survey was sent to 1390 Awardees with at least 15 vears of teaching
cxperience. yielding an 82 percent response rate. See I. Weiss and J. Raphael, Characteristics of:
Presidential Awardees: How Do They Compare with Science and Aathematics Teachers Nationallv?
{Chapel Hill. NC: Horizon Research. Inc.. 1996).

" For cxample. testimony at the NSB field hearing May 29, 1998. in Los Angeles on informal science
[carning indicated that museums and science centers are deeply involved in professional development of
scicnce teachers employed by districts in their proximity., This connection of the formal and informal
svstems is neither well-recognized nor systematically exploited. See especially the kevnote address of the

Exccutive Director and CEO of the L.A. Natural History Muscum, Jamnes L. Powell. <www.nsf gov/nsh/
meetings>. '
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. emergency, and provisional licenses.” The challenge of recruiting and retaining well-
prepared teachers bumps up against other considerations, including reduced class size,
which requires more teachers, straining the already limited supply of those with
significant content background in mathematics and science.® A simultaneous increase in

student enrollment levels and teacher retirements will increase the pressure to hire

unqualified teachers.?!

Only the resolve of all partners who contribute to the training, certification,
hiring, evaluating, and professional development of math and science teachers will
reduce “out of field” teaching.* Then those with solid grounding in these subjects will
have to confront the quandary of career choice ~ alternative sources of attractive
employment opportunities. For districts to compete with these opportunities, as the NSB
stated in July, communities must build “a system of rewards and incentives, including

appropriate salaries, for well-trained teachers who are knowledgeable about content and

" Some governors favor incentives to attract and retain qualified teachers. See, for example, “Taft Targets
Math, Science Testing,” Columbus Dispatch, Sept. 3, 1998. Voluntary certification through the National
Board for Professional Teaching Standards is expected to grow as the districts coalesce on the
implementation of content standards for students in core subjects (see <//www. nbpts.org>). Itis germane
here as well that references to the command of modern technology as a teaching necessity are barely visible

in the education literature, with computer-aided instruction hardly seen as a mainstream tool in teacher
preparation (see below).

" There has been much “political caterwauling about class size” (sce L. Monteagudo. “MORE Teachers?
What About the Ones We Have Now?" Education IVeek, Jan. 13. 1999: 72). Indeed. most new funding —
over $1 billion - for education in the FY 1999 budget was designated for hiring new teachers to reduce
class size. But any gain in individual student attention derived from reducing class enrollment from 22 to
17 will be nullified by that teacher’s lack of content knowledge. As Monteagudo notes. “Especially in rural
and inner-city areas. it is already hard enough to attract strong applicants. By earmarking Federal funds for

hiring additional teachers as opposed to investing in the ones we have in place now. we are placing an even
greater burden on those districts.”

* L. Pearlstein. “Schools Cautioned on Hasty Hiring,” IVashington Post, Sept. 16, 1998, p. A12. Education
Secretary Riley is quoted as saying, “Too many school districts. I am afraid. are sacrificing quality for
quantity in order to meet the immediate demand of putting a warm body in front of a classroom.” More,
recently. the Secretary has been more blunt in challenging higher education institutions to make teacher
preparation a priority. stating “Our colleges of education can no longer be the sleepy backwaters that many
of them have been. There must be greater collaboration from all parts of the university community.
including the arts and sciences.” Quoted in J. Basinger, “College Presidents Must Lead Effort to Improve
Teacher Training, Education Chief Says, * The Chronicle of Higher Education. Feb. 17. 1999. Related to
this are the National Council for Accreditation of Teacher Education draft standards that would hold
cducation programs responsible for the quality of their graduates’ teaching. See “Draft Standards Issued
for Teacher Education, ** The Chronicle of Higher Education. Feb. 5, 1999: A38.
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pedagogicaily skillful.” 1deas worth pursuing include: forgivable student loans and state
income tax credits for new teachers with content certification, creation of a national job
bank to assist school districts in locating teachers with the desired mathematics or science
and grade level credentials. and awarding merit raises for the acquisition by teachers of

specific skills and content concentrations.”

These factors create contradictory pressures for states and local districts.
Convergence on what a science or mathematics teacher at the elementary, middle, and
secondary level must know and be able to do in the classroom will be a key factor in

resolving some of these contradictions.”

Recommendation 2: To implement the core recommendation through teacher
preparation and professional development:

1. The NSB urges formation of three-pronged partnerships:
institutions that graduate new teachers working in concert
with national and state certification bodies, and local
school districts. These partnerships should form around
the highest possible standards of subject content knowledge
Jor new teachers, and aim at aligning teacher education,
certification requirements and processes, and hiring
patterns.

1. Mechanisms for the support of teachers, such as sustained
mentoring by individual university mathematics, science,

" Monetary incentives are endorsed not only by the president of the National Education Association. but
also by the Committee on Science of the U.S. House of Representatives. See B. Chase. “Why Not the Best
Teacher?” I¥ashington Post. Sept. 20. 1998. p. C5: Unlocking Our Future: Toward A New National
Science Policy. A Report to Congress by the House Committee on Science. Sept. 24. 1998 <www. house.
gov/science/science_policv_report him.>; and summarizing the work of Linda Darling-Hammond. director
of the National Commission on Teaching and America's Future. A.C. Lewis. *Just Say No~ to Unqualified
Teachers.” Phi Delta Kappan. November 1998: 179-180. The President of the Council for Basic
Education reminds us that the reauthorized Higher Education Act offers loan forgiveness to teachers
willing to work in inner-city schools for five vears. He proposes. as part of strengthening Social Security.
waiving the cap on “retirement earnings for anyone involved in teaching or school administration.” An
incentive could be provided for states to do so as well. See C.T. Cross. “Retirees in the -Classroom.”
Il'ashington Post. Dec. 31. 1998: A27.

" For cxample. the U.S. Department of Education’s Lighthouse Models of Excellence and NSF's ]
Collaboratives for Excellence in Teacher Preparation program unite mathematics and science departments
with colleges of education and local school districts in preparing content-based teachers. These programs.
the Deparunent’s Eisenhower Professional Development Program. NSF's Local Systemic Change
Initatives. and other tools for teacher training are described in U.S. Depantment of Education and National
Science Foundation. An Action Strategy for Improving Achievement in Alathematics and Science, Report of
an Interagency Working Group. February 1998 (Arlington. VA: NSF 98-79). appendix 4.
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and education faculty, as well as other teacher support
mechanisms such as pay supplements for board
certification, should be implemented through the three-
pronged partnerships.

Ensuring the best possible teachers for our schools poses a formidable policy
dilemma: how to juggle competing pressures on besieged districts, schools, and
classroom teachers?*? The community partners of schools - higher education, business,
and industry — share the obligation to heighten student achievement. A combination of
support for strong content and pedagogical preparation of teachers, continuing
professional development linked to classroom performance and improved student
achievement, and incentives that keep good teachers in the classroom provides an avenue

for acting - in the name of accountability — upon that obligation.

Another avenue, using categorical Federal education programs such as Title I for
poor children, would increase incentives for educators or students to do well.2® One
option, for example, would make improved performance part of the standard for payment
under Title I, a provision that could be built into the Elementary and Secondary |

Education Act that is subject to reauthorization in 1999.

C. College Admissions

Quality teaching and learning of mathematics and science bestows advantages on
students. Content standards, clusters of appropriate courses, and graduation requirements
illuminate the path to future advantages. They smooth the transition to college and the
workplace by forming a foundation for later'learning and drawing students’ career
aspirations within reach. But how high schools assess student progress has
consequences for deciding who gains access to higher education and, moreover, who is
prepared to succeed at the baccalaureate level and beyond. Congruence between what is
needed to exif secondary education and enter higher education would be ideal. Because

the metrics for each leave much to chance, how to define and predict student “success”

remains a matter of contention.

22

173



i

Gy #

169

** PRE-RELEASE COPY **

Longitudinal data on 1982 high school graduates point to the role of course-taking
or “‘academic intensity,” as opposed to high school grade po.int average or SAT/ACT
scores, in predicting completion of baccalaureate degrees. (Academic intensity refers to
trigonometry, precalculus, and calculus, as well as laboratory science, especially
chemistry and physics). By 1993, only 42 percent of black students who had gone
directly into four-year colleges and universities had received the baccalaureate as

compared to 72 percent of white students in the cohort.”

An education researcher recently observed,

Grades are a crapshoot, varying wildly from teacher to teacher and from school to
school; a single standardized-test score is merely a snapshot of a student’s
performance on a Saturday morning. But a student invests years in a course of
study, which provides momentum into higher education and beyond. The effects
of grades and tests diminish in time, but the substance of learning does not go
‘away. . .. [So] which of these indicators — grades, scores, or courses — would you
rather rely on in admissions decisions? In which area does achievement seem to
be most meaningful for students’ success? And which can educators change most
easily? The student’s course of study wins, hands down.?*

Nevertheless, short-term and readily quantifiable measures such as standardized test
scores tend to dominate admissions decisions. Such decisions promote the participation

of some students in mathematics and science, and discourage others."

" ~Controlling for socioeconomic status. high school curriculum is 48 percent more accurate than test
scores and 72 percent more accurate than class rank or grade-point average in predicting whether a student

will get a bachelor’s degree.” C. Adelman. “Forget What Color You Are. It's Where You Went to School.”
IWashington Post, Nov. 2, 1998: A19.

" The NSB Committee on Education and Human Resources has defined for further examination in 1999 the
issue of standardized tests. especially the SAT and the GRE. in the college and graduate school admissions
processes. The NSB study will build on W.G. Bowen and D. Bok. The Shape of the River: Long-Term
Consequences of Considering Race in College and Universitv Admissions (Princeton. NJ: Princeton U.
Press. 1998): commentary such as “Elite Colleges’ Race-Sensitive Policies Opened Doors to Black
Success. Says Broad New Studyv. The Chronicle of Higher Education. Sept. 9. 1998 <//chronicle.com/daily/
98/09/9809090 In.htm>: E. Bonner. “Study Strongly Supports Affirmative Action in Admissions to Elite
Colleges.” New York Times. Sept. 9. 1998: B10: W.G. Bowen and D. Bok. “Get In. Get Ahead: Here's
Why.” Il'ashington Post. Sept. 20. 1998: C1: and S.M. Malcom et al.. Losing Ground: Science and
l:ngineering Graduate Education of Black and Hispanic Americans (Washington. DC: American
Association for the Advancement of Science. 1998).
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Data suggest that the cumulative disadvantages of family income will be

compounded by admissions criteria that apply the wrong filters and restrict

opportunities.” For example, nearly 60 percent of low-income nonattending students cite
an inability to atford college as the reason.’ If preparation is the key to college access
and enrollment, then we must find ways of reducing the achievement gap in high school
performance between majority and minority students. There is new evidence that, even
in suburban schools where family income and per pupil spending is high, peer pressure
may suppress minority student performance.?’ This would suggest that out-of-class
influences, which are less amenable to policy intervention, have pernicious effects on

achievement.

Students simply face different classroom experiences due to factors unrelated to
interest or ability. Recent studies suggest that “successful theories will probably have to
look more‘carefully at the way black and white children respond to the same classroom
experiences, such as being in a smaller classroom, having a more competent teacher,
having a teacher of their own race, or [one] . . . with high expectations for those who »

_ perform below the norm for their age group.”*® The President of the National Education
Associate writes: “Until large numbers of students in the same school and the same
neighborhood value academic achievement, success will continue to be the exception . . . -
If universities and urban public schools could become “sister cities,” our most troubled

schools might be saved from within."*’

" The National Education Longitudinal Survey of 1988 shows that among those who scored in the top third
¢ of a standardized test. low-income students were five times more likely to skip college as were high-incomne
E students. Students who took advanced mathematics and science courses were more likely to attend college

g than those who didn’t, but low-income students lagged their high-income peers. “Money, More Than *
Brains. Governs Whether Students Will Attend College, Study Finds.” The Chronicle of Higher Education.
i Aug. 10. 1998 <//chronicle.com/daily/98/08/9808 1003 n.shtml>.

" A quarter of these students’ parents claim an inability to get financial aid information when their child
was in 8" grade and they were deciding whether college would be affordable. A quarter also reports that
they did not apply for financial aid because they did not know how to do so. Information on the financial
aid process must reach families early; the end of high school may be too late. Institutions of higher
cducation are also revising their financial aid policies to attract more students from low- and middle-
income families. See “Change in Aid Policy Nets Princeton More Students From Low- and Middle-
Income Families.” The Chronicle of Higher Education. Aug. 14. 1998 <//chronicle.com/daily/98/08/
98081402n.htm>. ‘
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For university faculty to embrace collaboration with schools and K-12-educators,
there must be some incentive for spending professional time in support of a community
partner.”* A Southern Education Foundation report lauds some state efforts to create a
“seamless” education system: K-12 schools and colleges work together to set standards
and curricula, and to hold colleges accountable — much as schools already are — by tying
state resources to performance on a set of indicators, including the status of minority
students:” In this spirit, it has been hypothesized that:

States and school districts are reluctant to pursue reforms more aggressively until
they are sure higher education admissions and placement processes will
accommodate their students. The result is stasis: Both sides are waiting for the
other to pull the “trigger.” We must adjust, and even overhaul, the current
melange of K-16 education policies that sends confusing signals to students and
schools about what knowledge is worth knowing. Universities must collaborate
with K-12 leaders and policymakers to improve policies that will enhance
academic preparation, elevate educatlon standards, and let prospective college
students know what lies ahead.®

Recommendation 3:  To implement the core recommendation through the
college admissions process, the NSB urges:

i. institutions of higher education to form partnerships with
local districts/schools that create a more seamless K-16
system, increasing the congruence -between high school
graduation: requirements in math and science and
undergraduate performance demands; and;

il. Jaculty and student incentives that motivate interactions 1o
reveal linkages between classroom-based skills and
experiences and the demands on thinking and learning in
the workplace.

In the July statement, the NSB exhorted stakeholders to establish “college admissions
criteria that reinforce high standards in K-12 education and bolster participation of all
students in mathematics and science.” Acting as “all one system™ means that the

strengths and deficiencies of one educational level are not just inherited by the next.

Instead, they become spurs to better preparation and the opportunity for higher learning,

By committing university resources to offering programs for middle and high

school students, supplying mentors for teachers, etc., higher education provides glimpses
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at what preparation for college and advanced learning means.” Partnering demands

adjusting the institutional reward system to recognize such service as instrumental to the

mission of the university.

V. How Research Can Better Inform Practice

The role of research and evaluation in informing — and changing — education
practice has itself become a policy issue.” Making research reliable, timely, and relevant
to classroom teaching and learning has long been a concern of policymakers, educators,
and researchers alike. Public awareness of this need has grown as “high standards” are
translated from a concept into high-visibility efforts to chalienge students, teachers,

parents, and communities — and hold all accountable for academic achievement.

The U.S. Department of Education’s National Center for Education Statistics
(NCES) has sought to develop a moving picture of how well American schools and their
students are faring.®' The National Assessment of Educational Progress (NAEP)
compares the performance of today’s students with performance by their age peers in the
past. Polidymakers, business leaders, and pérents increasingly ask if American students
are achieving academically as much as they can. International comparisons such as
TIMSS provide a “world” benchmark for gauging achievements.’> The NSB's own
Science and Engineering Indicators 1998 report summarizes, in addition to TIMSS and
NAEDP, robust time series since the 1970s on the performance of 9-, 13-, and 17-vear-olds

in mathematics, science, and other subjects.33

- The need for research on practice relates, too, to differing expectations of
stakeholders. What do they seek to learn and how best can data be used to refine

system-, school-, and classroom-level practice? Some caution that education

" Recently. the NSB Committee on Education and Human Resources held a field hearing to explore models
for creating such a seamless system. See.1// One Svstem: Developing Human Capital and Infrastructure
Jor Science and Engineering, San Juan. Puerto Rico. Oct. 7. 1998 <www.nsf .gov/nsb/meetings/1998/
fieldoct/fieidoct.htm>. For appraisals of the “statewide systemic” approach. see J. Mervis. “Mixed Grades
for NSF’s Bold Reform of Statewide Education.” Science. 282, Dec. 4. 1998: 1800-1805.

* For example. see N. Lane. Assistant to the President for Science and Technology, “Educational
Technologies: How Will We Know They re Working?” 1998 Educational Technology Leadership
Conference. Council of Chief State School Officers. Washington. DC. Nov. 12, 1998 (tvpescript).
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interventions alone will not suffice.™* Others seek education investments different in
magnitude and kind.” A topic for continuing debate within professional communities,
among parents, and by policymakers, for example, remains which tests should be used for
gauging progress in teaching and learning — and for other purposes of teacher and school
accountability. A broader topic is ways and styles of learning in both formal and
informal settings — how do children iearn with understanding and refine the quality of
their thinking?”® No research area than cognitive development is more multidisciplinary
or longitudinal in approach.’ Finally, studies of systemic change are needed: ... as
efforts to reform the elementary and secondary system expand, new indicators of
governance, partnerships, and alignment among various parts need to be developed,'and
research on the measurement of learning of science and mathematics must be extended
into undergraduate education.”®

Clearly, an agenda such as the one examined in this report is a cogent justification
for research: what do we need to know and how best can we engender reliable and

usable knowledge?* What organizational arrangement would attract the participation of

" Two reports are noteworthy: National Science and Technology Council, Committees on Fundamental
Science and on Health, Safety, and Food. Investing in Our Future: A National Research Initiative for
America’s Children for the 21* Century (Washington, DC: OSTP, April 1997), which recommends
research focused on, among other topics. learning, influence of famities and communities on development.
longitudinal studies. and policy: and Report to the President on the Use of Technology to Strengthen K-12
Lducation in the United States. March 1997 <www.whitehouse. gov/WH/EOP/OSTP/NSTC/ PCAST/k-
12¢d.hunt>. which calls for at least 5 percent of all public K-12 education spending in the U.S. (or
approximately $13 billion annually in constant 1996 dollars) to be designated for research — a significant

increcase over the current level of 1.3 percent. (Note: The FY 1999 Federal investment in K-12 education
exceeds $15 billion.)

" A massive Federal initiative to track children's learning and development from birth. and again from the
start of school. was launched in Fall. 1998. One NCES study will test 21.000 kindergartners in 1000 public
and private schools and interview their parents and teachers. Another interagency effort called the Early
Childhood Longitudinal Study will begin in 2000 by following 12,000 newborns through their 6
birthdays. Both studies will help to distinguish empirically the large learning gaps among children when
they enter school and how and why those gaps often persist through high school. See D. Viadero. “NCES
Launches Broad Study on Early Childhood.” Education Week, Dec. 16, 1998 <//www.edweek.org/ew/
current/16nces.h18>. -

“In 1991, the independent National Academy of Education outlined a national research agenda for sparking
positive changes in schools.. The agenda encompassed the main challenges that persist today: active
lcarning over the lifespan: assessment: bolstering achievement of historicatly underserved. minority. and
impoverished groups; schoot organization: and connection to teachers and teaching. National Academy of
Education. Research and the Renewal of Education. Project on Funding Priorities for Educational Research
(Stanford. CA: Stanford University, 1991). pp. 5-6.
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the requisite research communities? How can an interagency portfolio of basic and

applied research that goes beyond extant programs be devised? *~

The National Science Board sees research as a necessary condition for improved
student achievement in mathematics and science. Further, research is best supported at a
national level and in a global context. While student achievement is the “bottom line” for
parents, teachers, schools, communities, and policymakers, analysis based on national

and international data sources can help to explain the conditions that affect performance.

Recommendation 4:  To implement the core recommendation through research:

i The National Science Foundation and the Department of .

Education must spearhead the Federal contribution to

SMET education research and evaluation.
In 1999, NCES and NSF will revisit the 4th grade population that performed so well on
TIMSS in international competition. TIMSS-R will sample 8th graders who were in the
4" grade in 1995. Through an analysis of teacher and school questionnaires and the
administration of a new achievement test linked to TIMSS, TIMSS-R will test the
robustness of the TIMSS 4th grade results and allow examination of schooling in the
middle grades. Comparative research is a prerequisite for suggesting appropriate
responses by systems at any or all — State, district, school, subject, and classroom ~

levels.”

ii. Overall, the investment should increase — by the Federal
government, private foundations, and other sponsors — in
research on schooling, educational systems more generally,
and teaching and learning of mathematics and science in
particular.

In 1997, both NSTC and PCAST recommended not only a larger investment,.but also a

larger-scale program of rigorous, systematic research on education to demonstrate the )

" Study designs such as TIMSS-R hold great potential for specifying teaching and learning linkages among
curriculum materials. school organization. classroom practices. and student achievement among a sample
of 8" grade U.S. students. Such research includes efforts like the First in the World Consortium in
northwest suburban [llinois that paid to participate in TIMSS to gauge its students’ progress against that of
other “countries” of the world. See OERI. U.S. Department of Education. “Seminar on The First in the
World Consortium.” Aug. 20. 1998. unpublished notes. and <www.ncrel.org/fitw>.
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efficacy of transferring exemplary practices among our nation's schools.” The National
Science Board endorses research that can generalize to a diversity of classrooms, student
populations, and school districts.”

iii. To focus and deepen the knowledge base, an interagency
Education Research Initiative, led by NSF and the
Department of Education, should be implemented. It
should be distinguishable as a joint venture within the
agencies " respective research missions, and cooperatively

JSunded.
An experimental program of research is particularly needed on how information and
computer technologies influence the processes of teaching and learning of science and
mathematics by children of various ages and in different classroom settings.* Harnessing

the creativity and power of innovative tools and pedagogy should be a priority.

Research on “what works” should thus inform those seeking a change in practice
and learning outcomes. The dissemination and adaptation of research results, however,
pose other problems. The knowledge base is thin; gaps abound and what is known from
empirical study is nof - even in this age of electronic communication and information

retrieval — conveniently catalogued, updated, advertised, and/or accessible to the so-

" Through workshops with researchers from various communities held in September 1998. advice ona
research agenda for teaching and early learning of mathematics. science. and reading (the latter with the
participation of the NIH's National Institute of Mental Health) was solicited on developing a Request for
Proposals in FY 1999. OSTP and OMB are spearheading this collaboration for a 5-vear initiative that will
produce measurable outcomes of progress through various research and evaluation designs.

" More generally, results of competitively funded research can only inform future investments by districts
and local schools. and guide policymakers' decisions about "what works," if they are evaluated to determine
the cost and learning effectiveness of scaling up to serve more students. “Randomized field trials,” a staple
of medical research but seldom employed to test education reforms, allows investigation of a “treatment”
randomly assigned to two groups. If the groups are sufficiently similar. then differences in average
outcomes of the treatment can be attributed to exposure of the factor under investigation. See P.E.
Peterson. “Rigorous Trials and Tests Should Precede Adoption of School Reforms.” The Chronicle of
Higher Education. Jan. 22. 1999: B4,

* Limited national data are equivocal. suggesting that with some students new technology is being used for
the same old drill-and-practice in mathematics: yet in the hands of technology-trained middie school
teachers. computers can enhance academic performance. See J. Mathews, “Study Faults Computers’ Use
in Math Education.” I ashington Post, Sept. 30. 1998: A3: E. Bonner. "Computers Help Math Learning.
Study Finds.” New York Times. Sept. 30. 1998. <www.nvtimes.comv/librarv/tech/98/09/biztech/
articles/30math.html>; and A.. Fisher. “High Tech. High Grades?” Popular Science. January 1999: 64-69.
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called end-users in schools. Research simply remains outside the purview of most

classroom teachers.”

Like other protessionals, teachers need support networks in various forms —
Internet bulletin boards, websites, in-person professional development experiences,
university faculty mentors, etc. - to refine their knowledge and skills. Technical
assistance by those who understand classroom settings and have the confidence of
teachers is essential. In short, “getting the word out” only begins a process of using

knowledge to inform ongoing teacher preparation and education practice.

Above all, we should remain mindful that “schools reflect society far more than
they shape it, and that test scores tell us much more about what schools are facing than
how they re failing. Surely, we must challenge teachers and administrators to do their

utmost, but not to work miracles. And not by themselves.”*®

V. Conclusions

The Nation’s concern for excellence in K-12 and undergraduate teaching and
learning environments is magnified by time: it takes time for any system and the

organizations within it to adapt to emerging needs and mounting pressures. We cannot

expect instant results.

While the national education goals set by the governors in 1989 will not be
realized on the envisioned timetable, the momentum for lifting student performance is
unquestioned. Today we take as axiomatic that improved student performance will be
short-lived if the conditions for schooling do not change. “To have any real effect,
standards must be incorporated into the life of the school: They must be embraced by the
students who must learn them, and embraced by the business community and colleges
who must make informed decisions about whom to invite into their ranks.”® The key to

energizing education systems throughout the Nation is consensus on content standards for

" Polls show. not surprisingly, that local schools in turn fail to provide parents with enough information to
make them advocates for what their children are expected to know. These are the same people who
simultaneously support rigorous content standards but are intimidated by them. See A.D. Coles. “Parents
Il-Informed About Standards. Poll Finds.” Education Week. Oct. 28. 1998: 6.
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the teaching and learning of mathematics and science. This leaves much room for choice
and diversity of process and pedagogy, while reinforcing a common market of demand

for the skills that will dominate the 21 century workplace.

Through recommendations for implementing content-based materials, teaching,
college admissions, and other practices informed by research, the National Science Board
affirms that there is no greater national need than equipping the next generation with the
tools of the workplace and citizenship. This will require a greater consensus among
stakeholders on the content of K-16 teaching and learning. High expectations will not
suffice in raising achievement in mathematics and science; neither will a single-minded

emphasis on teachers, curriculum, assessment, or technology.

A generation ago, the NSB Commission on Precollege Education in Mathematics,
Science and Technology advised: “Our children are the most important asset of our
country; they deserve at least the heritage that was passedtous ... alevel of
mathematics, science and technology education that is the finest in the world, without
sacrificing the American birthright of personal choice, equity and opportunity.”* The
health of science and engineering tomorrow depends on improved mathematics and
science preparation of our students today. The national interest is now a national

imperative. We must see educational excellence as a shared responsibility and, above all,

a tractable challenge to us all.
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.S. prosperity in today’s knowledge-
driven economy demands the
world’s most skilled and productive
workforce. Members of the Council
on Competitiveness have singled out
worker skills as the greatest competitive
challenge the nation faces over the next
decade. Their concemn reflects broad rec-
ognition among leaders from business,
labor, and universities that we face com-

pelling pressures to upgrade the U.S.
skills base:

Information technology has become a
defining feature of the American work-
place, tuming computer literacy into a
basic skill requirement and creating a
demand for knowledge workers that is
not being met.

Global competition has intensified, in-
creasing the economic premium on
high skills and leaving unskilled Amer-
ican workers in an increasingly vulner-
able position.

- oK

® The aging of the national workforce
has produced a massive requirement to
replace a generation of skilled wage
earners that will reach retirement age
by 2005.

B Welfare reform has ﬂlandated amove A

of several million mostly unskilled
Americans from public assistance
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into entry-level jobs over the next
five years.

This Council report on upgrading
worker capabilities provides fresh insights
from across the country on how key
stakeholders in workforce preparedness —
employers, workers, educators, trainers,
and government officials — are responding
to the pressure of the skills race. Under
the guidance of a Task Force made up of
widely respected experts and practitioners,
the Council combined focus groups in
Washington with more than a year of site
visits in the field to companies, labor
unions, educational institutions, and non-
profit organizations.

Our research and writing team trav-
eled to every region of the country to
search for examples of best practice in
community workforce development. They
spent hours on the ground with workers,
union representatives, trainers, managers,
and senior executives in companies large
and small. They visited community col-

NG

LS RACE

leges, private training vendors, and non-
profit workforce alliances. They also met
with municipal, state, and federal officials
with hands-on responsibility for publicly
funded training programs. This distinctive
approach has put a human face on a chal-
lenge that is national in scope, urgent in
character, and too often viewed as an
abstraction.
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The Council’s firsthand look at
efforts to meet the skills challenge
validates a simple but fundamental point:
the demand for increased skills is rising
much faster than the capacity of U.S.
companies, workers, or the nation’s edu-
cational system to respond. Distressing
numbers of workers cannot read or do
simple math, while the need to upgrade
the skills of incumbent workers is out-
stripping the capacity of virtually all com-
panies. Employers in all industries are
scrambling for workers who can adapt
quickly to new tasks and new market
demands. Workers recognize the link be-
tween higher skills and higher wages, but
many feel deeply insecure about the pace
of change in job requirements. Few can
count on spending their careers at one
company, and many are struggling to
make themselves employable. Community
colleges and four-year schools face rising
expectations to shorten and sharpen the
learning cycle, along with growing de-
mands to provide remedial education.
Governments at every level face compar-
able pressure to streamline public sector
training programs and to adapt them to
local needs. ’

Part I of this report provides an over-
view of the skills challenge..It describes
today’s crunch as more than the result of
tight labor markets — it is structural in
origin. If we do not meet the challenge,
the economic and social costs will be
profound: future growth will be cut; the
income gap will widen further; competi-
tion for low-skilled jobs will increase;
and U.S. companies will look increasingly
offshore to meet their high-skill
requirements.

Part 1I examines the impact of the
skills shortage on major stakeholders. The
build-up of pressure has pushed employers,
workers, educators, community leaders,
and public officials to cooperate more

- closely. They have joined forces in areas of

shared interest. They are strengthening the
transition from school into the workplace,

pooling resources to improve the quality
and to reduce the costs of training, and re-
sponding to market demand for greater
access to training and for greater portabili-
ty of skills. Progress has been uneven, but
longstanding walls between employers and
schools, schools and workers, and the pri-
vate and public sectors are gradually
breaking down.

Part IIT looks beyond the trends into
the specifics of local solutions to shared
problems — approaches that document
what works through a rich set of examples
from across the country. A number of
strategic insights can be distilled fro
these examples: :

2 Collaboration defines best practice
in training and education. No single
business, group of workers, educational
institution, or government agency can
tackle the challenge alone. All parties
need to be fully engaged in the design
and execution of pace-setting pro-
grams: employers provide learning op-
portunities, workers devote time and
energy to learning, and schools teach
marketable skills. Collaboration is most
likely when employers clearly define
their needs, workers have an up-front

. stake in learning new skills, and
providers of training are attuned to
market demand.

B Success is most likely when training
outcomes are measured and when all
parties are held accountable for their
performance. Best practice in commu-
nity college training, corporate pro-
grams, and publicly funded employ-

- ment and training centers is linked
invariably to good metrics and real
accountability. These factors produce
winning results across the board. Work-
ers gain upward mobility and greater
employability; firms gain increased
productivity; providers gain revenues;
and communities benefit from
economic growth.

Council on Competitiveness
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8 Work-related learning is increasingly The Council’s inquiry shows collabo-
Jjob-specific, on-site, and just-in-time. ration on the rise in every part of the
There is a clear trend away from country, especially to bridge the gap be-
subject-driven, off-site, classroom-style ~ tween schools and the skill demands of
education and training. Instead, the the workplace. Companies, unions, and
compression of time puts a greater pre-  educational institutions are looking be-
mium on convenience and customiza- yond their own immediate needs to exer-
tion. Best practice today focuses on cise leadership in workforce 4evelopment

providing on-demand training from
desktop computers, promoting interac-
tive learning on-site, and shortening the
cycle of formal training courses.

B New learning technologies are trans-
forming education and training by
overcoming barriers of time, dis-
tance, and availability. The computer-
based and Internet-based tools that are
being deployed throughout the United
States have vast potential to reduce
costs, increase access, and customize
the learning process. Best practice
allows both employers and workers to
tap into resources at their own pace and
convenience. But electronic tools are
not readily accessible to everyone and
are not a cure-all. They must be incor-
porated into broader strategies of skills
development.

B Outstanding training initiatives
anticipate as well as respond to
change. Not all best practice addresses
the immediate shortfall in skills. Many
notable efforts have been launched to
meet over-the-horizon challenges. The
imminent retirement of manufacturing
workers in the Midwest, the population
explosion in the far West, and constant-
ly changing impact of technology on
skill requirements are some of the

developments that have sparked new at the community level. Strengthening the
approaches. What sets these initiatives talent pool has become a centerpiece of
apart is their readiness to commit state-led and community-led growth strat-
resources now to prepare for future egies.

needs. The direction of change may be posi-

tive, but its pace clearly is not fast
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community-led
growth
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enough. Despite their pressing needs and
the well-documented payoff of invest-
ments in skills, employers’ spending on
formal training lags behind the growth of
the workforce on a per capita basis. The
costs and risks of training — both for
companies that fear loss of investment
through early turnover and for workers
who wonder what the return will be —
still thwart change. Too many individuals
and institutions are unaware of how to
partner their way to upgrading skills, or
are not ready to make the commitment to
do so. The temptation to point the finger
at others for the skills shortage — short-
sighted employers, unmotivated workers,
deficient K-12 education, or poorly exe-
cuted government programs ~— remains
high. )

Americans can unite around an action
agenda to win the skills race. The Coun-
cil’s assessment of best practice in the
field underscores seven items that belong
on this agenda: ’

1) Build Public Awareness. A concerted
effort to upgrade worker capabilities
requires broad public support. Leaders
from every sector of the economy
should reinforce the message that the

United States has a vital stake in work-

force preparedness and that collabora-
tion is the most effective way to meet
the challenge. .

2) Fill Information Gaps. Increased col-

laboration requires labor market infor-
mation that is timely, accurate, and
easily available. Federal and state
agencies can contribute leadership and
resources, but most information has to
be collected and disseminated at the
local level. This is where most work-
ers find out about learning opportuni-
ties, small companies pool resources,
and corporations share their workforce

needs with educators, trainers, supplier

firms, and potential hires.

3) Leverage Technology. World leader-

ship in information technology should
give the United States a clear edge in
training and education. Internet-based
clearinghouses, for example, expand
the flow of information to communi-

« ties around the country on workforce

needs, learning opportunities, and best
practice. State-of-the-art resources also
act as multipliers, increasing the avail-
ability of cost-effective, online learn-
ing tools, which particularly benefit
small and mid-sized firms, the coun-
try’s most prolific job creators but the
lowest spenders on training.

4) Focus on Metrics. Training succeeds

when employers, workers, educators
and government agencies are able to
gauge the impact of investment on
outcomes. Today’s limited efforts to
measure results must be vigorously ex-
panded. Good metrics require deter-
mined efforts to track the outcome

of training on job placement and job
performance, as well as the company’s
bottom line.

5) Tighten Accountability. Improved

metrics should make it easier to hold
providers of training responsible for
their performance. Government agen-
cies can tighten accountability through
extensive use of performance-based
funding. Companies, in turn, can raise
the stakes to ensure that in-house train-
ing competes with the best available.

6) Share Best Practices. Individuals,

organizations, and communities all
need more exposure to the experience
and success of others. Government has
a particular contribution to make in
benchmarking and sharing best prac-
tice in communitywide workforce
development. Companies, unions, and
community colleges must take the lead
on a peer-to-peer basis to spread the

Comncll on Compaifiivonsss



word on strategies that produce the
best results.

7) Encourage Personal Initiative.
The most effective agents of change
in strengthening worker skills are
people who reach outside their own
organizations to create networks.
These initiators ask, “What are my .
needs? Who shares my concerns?-
‘What can I contribute? What resources
can I tap?” Every stakeholder in the

i
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skills race must find and support a

cadre of initiators.

The Council will engage its members
and national affiliates over the coming
year to move this agenda forward. We will
share our findings with public and private
sector leaders, gather additional examples
of best practice, and publish a profile '
benchmarking U.S. workforce capabili-
ties. The stakes are high, and the need for
greater collaboration has never been more

Y VSV P

Charles M. Vest Jack Sheinkman

W.R. Hambrecht & Co., LLC  Massachusetts Institute of Technology Amalgamated Bank '

of New York

Chairman and Vice Chairmen of the Council on Competitiveness
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ever before has the appearance of

working America been so deceiv-

ing. With the strong comeback

from the relatively high rate of
joblessness of the late 1980s and early
1990s, the outlook seems very bright.
Record numbers of people are working,
and the unemployment rate is the lowest
it’s been in decades.

But the reality behind the numbers
is troubling. There is an acute skills short-
age in every part of the country that
threatens the foundation of American
competitiveness.

Our findings are based on a year of
travel across the United States, listening
to people in the field talk about their
most pressing concerns. Their problems
and potential solutions are certainly
not limited to any particular place or
time. Nor are they restricted to one level
of the workforce, or to one specific busi-
ness. The issues are very real across the
spectrum.

® In the Midwest, for example, business
is booming, and skilled labor is
nowhere to be found. A major employer

ST

in Milwaukee, the automation firm
Allen-Bradley, has been particularly
hard-hit. Like many companies across
the nation, its workforce is aging; with-
in 10 years an estimated 80 percent of
its employees will retire. With an
unemployment rate of less than four

percent, local labor pools have all dried

up. To avoid hemorrhaging, the
company is scouring both local and
distant schools to find qualified new
entrants. The fixation on meeting cur-

THE SKILLS RACE

149

194

rent labor needs has become manage-
ment’s most absorbing responsibility.

In parts of the Sun Belt, populations
are growing at staggering rates. US
West Communications is unable to
meet service demands in Arizona, Col-
orado, and Nevada, where many newly
built homes have no access to tele-
phone service. With an infrastructure
originally designed to meet the needs
of a small, rural population, US West
cannot keep pace with today’s con-
struction rate. The speed of change pre-
sents serious training challenges

as the company seeks to improve effi-
ciency while simultaneously trying

to prosper in a highly competitive
industry.

Nowhere is the bidding war for skilled
technicians hotter than in California's
Silicon Valley, where some 80 percent
of the jobs require specialized learning
and basic technical knowledge. What
puts those skills at a premium is the
constant churning among incumbent
workers, who jump to new job oppor-

p——— E

—

tunities. Hard-pressed companies rely
on local educational institutions like
DeAnza College in Cupertino to con-
tinually tailor training programs to tran-
sition workers from one job to the next.
Whether the courses are conducted on-
site at corporate headquarters and
plants, offered at the school campus, or
available on-line, the learning process
is geared toward immediate and practi-
cal application in the workplace.

There is an
acute skills
shortage in
every part of
the country that
threatens the
foundation of
American
compelitiveness.
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m Service sectors in areas like Orlando,
Florida, are scrambling to satisfy mas-
sive, short-term hiring needs. Rapid
turnover only exacerbates problems for
firms like Walt Disney World
Company, which is hiring thousands
of workers, above and beyond its cur-
rent payroll, to staff its new park and
convention center and resort. Around
the comer, Universal Studios plans to
more than triple its workforce (from
6,000 currently to more than 20,000
employees) by 2005. The market is
already very tight given the competi-
tion for new hires between these two
big entertainment companies. But sup-
plier firms and ancillary businesses,
growing in response to the big compa-
nies’ expansion, are competing for
much of the same labor. Nearby
Valencia Community College has
turned a potential problem into its own
business opportunity by establishing a
pipeline of workers through its
Hospitality and Tourism Institute. Pro-
grams provide on-the-job training to
help students move directly into super-
visory or mid-management positions in
lodging, food service, and tourism.

The skills crunch is not merely the
result of tight labor markets. It is deeper
and more structural in character. The
Schaumburg, Illinois-based Motorola
Corporation finds only one qualified ap-
plicant out of every 10 that it screens for
entry-level positions. Even though all of
the electronics firm's nationwide appli-
cants have eamed high school diplomas,
an average of half of them cannot pass
seventh-grade math and ninth-grade read-
ing tests. '

Motorola is hardly alone. The national
job picture shows an American workforce
that is not prepared: almost a fifth of em-
ployees in the United States have a zero
or minimal literacy level in reading and

Seusra: Fig. A The Hodson Emstute ond 1.5, Departmend of Laber.
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math, two skills essential for workplace
success.' The outlook is no better for the
majority of new graduates, who leave the
nation’s high schools without a solid
foundation in academics. Now, and for the
foreseeable future, there is and will be a
premium on the ability to read manuals,
technical journals, and financial reports
and to write business letters, factual re-
ports, and other detailed accounts. Yet
almost 80 percent of new workers cannot
write even the most rudimentary reports
or read the simplest of instructions.? (See
Figure A.)

Corporate America is well aware of
the challenges ahead. In 1997, twice as
many corporate leaders pointed to the
skills shortage as the number one barrier
to growth, compared to the number of re-
spondents in 1993. (See Figures B and C.)

The limitations are not restricted to
the low-end of the workforce. Companies
across the board are struggling to find
skilled hires. One of the most acute exam-
ples is in the information technology
industry. Payrolls in U.S. computer and
software companies, for example, have
practically tripled in the past decade, and
their demand for personnel continues to
explode. But the dearth of qualified work-
ers can be found in a wide range of busi-
nesses outside of information technology.

Limited choices have forced many
employers to venture overseas for foreign
workers with technology skills. Some
144,000 workers in “specialty” categories
— primarily skilled technicians — immi-
grated to this country in fiscal year 1996.
According to data from the Immigration
and Naturalization Service and the Ameri-
can Electronics Association, they
accounted for about half of the nation’s
overall increase in technology jobs last
year.’ Unless U.S. firms can create “home-
grown"” technicians, by increasing adult
training opportunities and by expanding

Source: g, 8: Coapers & lybrand LLP. survay of growthcompony dhief exeautives.
Fig. C: Haticndl Assodeion of Bsness Eonomis.
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college graduates in computer and engi-
neering programs, they will move their
operations abroad or import talent from
overseas.

The shortage of skilled workers exac-
erbates another troubling trend: wage gaps
among American workers. Even though
the U.S. economy has expanded at a
healthy clip and unemployment has
dropped to new lows, the gulf continues
to widen between the salaried employee
with a relatively higher education and the
hourly worker with limited schooling and
skills. Only those equipped with at least a
college degree have seen their real family
incomes increase over the past two
decades, while those with less education
have suffered income losses.* (See Figure
D.) A major cause of this widening in-
come gap is the long-term slump in job
earnings for much of working America.*
Hardest hit are unskilled workers, whose
real hourly wages have eroded the most.
(See Figure E.)

The skills and income divides are not
new.® Across the country, there are many,
often dueling, perspectives on the major
causes of income inequality. Some ana-
lysts argue that international commerce is
pitting U.S. workers against laborers from
low-wage countries. The expansion of
global trade, they say, leads to a polariza-
tion of wages between the skilled and un-
skilled. But others point out that most
Americans work in industries unaffected
by trade, making it difficult to conclude
that intemational competition is the sole
determinant of U.S. wages.’

Indeed there are a host of contributing
factors, including technological change,
immigration, the productivity slowdown,
weaker unions, deregulation, the growth
of the service sector, and the dilution of
the minimum wage.® Of these, technology
is getting much of the attention.

New information technologies skew

Sourca: Fig. D: Burean of the Cersan, Morch Corrent Populoion Survey.
Fig. & Econoenic Policy trstiets anclysis of U.5. Bureou of e Census Cuven)
Poguition Sorvey detn.
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the eamings distribution by placing a pre-
mium on skilled labor and by reducing the
demand for, and wages of, the lesser
skilled. This is not only the prevailing
viewpoint of private sector economists;®
the concept has gained momentum among
U.S. policymakers. U.S. Deputy Treasury
Secretary Lawrence Summers, for exam-
ple, points to fast-paced technological
change and the highly cultivated informa-
tion society as “far more responsible for
changes in the wage structure in this
country than is international trade.”"

Whatever the precise mix of variables
may be, one fact is inescapable: skills
make or break worker employability and
business productivity. And they will take
on even greater importance as the United
States moves toward a knowledge-driven
economy.

What Is Propelling the Race for Skifls?

Technological Strides. The advance
of information technology over the past
20 years has greatly expanded the demand
for skilled workers and diminished the
demand for the unskilled. The pace of
technological change is powered, in part,
by workers who can leam quickly and
apply new skills. And even in the best cir-
cumstances, technology advancements
often push the expectation for higher pro-
ductivity cycles beyond the capacity of
the American workforce because employ-
ees are not adequately trained to meet
ever increasing demands. Those who fail
to absorb new skills are left behind or lose
their jobs to foreign competition.

The speed of change has created a
new definition of worker responsibility.
With hierarchies flattening and account-
ability pushing down to the ranks, em-
ployees are much more involved in many,
if not all, aspects of their businesses. Itis
up to workers to continuously update their
skills, and that makes learning a full-time
proposition. Life is no longer segmented

THE SKILLS RACE
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into hours or years allocated for school |

and work. Those distinctions are now .

blurred — schooling continues in the Skl"S mUke

workplace, and beyond. OI' I'e(lk WOI'I(GI'
To accommodate this, schools and cor- qu i |1y

en and sharpen the leamning cycle. Indeed,
this development is both part and product .pm UmVﬂY

of rapid teclinological change. More and I
more, the time needed to eam a degree is .

one year vs. two, two years vs. four.

Training sessions are truncated to help

individuals move quickly into jobs. No one

can afford to wait, now that individual eco-

nomic security depends on employability
instead of job or career stability.

Global Competition. The rapid growth of
global competition means that now, more
than ever, workers need the education and
training to produce value-added goods
and services that domestic and overseas
consumers want to buy. Government
statistics show exports generated roughly
one-third of all U.S. economic growth
during the past decade, and export-related
jobs pay 15 percent more than the average
wage. The trend toward export-generated
economic growth is obvious, but it can
only be ensured with an increasingly
skilled workforce.

There is another very compelling
reason to boost the skills of American
workers. The global economy puts the
low-skilled and unskilled at a competitive
disadvantage by depressing their pay, at
best, or by eliminating job opportunities
altogether. American workers are compet-
ing against their counterparts in rapidly
growing emerging markets where labor is
available at a fraction of the cost in the
United States The higher the skills, the
better the prospects for American competi-
tiveness. Without them, many Americans
will spin their wheels, working multiple
jobs and logging longer hours, with little
mobility or income gains to show for their
efforts.

21
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Lost Ground to Make Up. Too many
people trying to enter the workforce fall
far short of the most minimal criteria.
While this is not a K—12 study, it is im-
portant to repeat a constant refrain heard
in interviews and site visits nationwide:
secondary schools are failing to turn out
enough people ready to work and learn.
Education not only boosts productivity
in the workplace; it can also help close the
gap between the skilled and the unskilled
as more workers are able to perform
sophisticated jobs. '

Global comparisons show how poorly
prepared our youth are for the world of
work. In the U.S. Department of Edu-
cation’s most recent intemational study,
U.S. eighth graders placed an embarrass-
ing 28® in the world ih math and 18" in
science." Fewer than half of U.S. high
school graduates complete Algebra I or
Chemistry, prerequisites for college math
and science.”? Despite the dynamism of
the economy, troubling numbers of new
entrants are unprepared for work. Several
months after commencement exercises,
the unemployment rate for 1996 high
school graduates was 24.4 percent.”

Workforce Changes. The United States
has an aging workforce and a youth popu-
lation that is largely unprepared, creating
a polarization that threatens the survival,
much less the competitive edge, of U.S.
firms. The U.S. Bureau of Labor Statistics
(BLS) estimates that by 20035, the number
of workers 55-64 years old will jump 50
percent from 1995 levels. Companies are
seeing vast portions of their skilled work-
force retire, and they are scrambling to
fill the void.

In the coming years, new entrants to
the workforce will present an even tougher
challenge: they are projected to be the
least prepared and the most ethnically,
racially, and gender diverse in history.

g 5. (o Burves.

Camncll on Competitivensss

BESTCOPY AVAILABLE

{



Q

ERIC

Aruitoxt provided by Eic:

While in the 1950s most immigrants
came from European countries, today
more than half of the roughly 800,000
legal immigrants who enter the country
each year come from seven developing
countries: Mexico, the Philippines, Viet-
nam, the Dominican Republic, mainland
China and Taiwan, Korea, and India. The
majority of today’s immigrants are far less
skilled than the majority of U.S. born
workers. Male natives are two and a half
times as likely to have finished high
school as immigrants are.' This is a
strong signal that basic skills education is
critical to placing incoming immigrants in
work that is both productive and a means
toward self-sufficiency.

Across the labor pool, the skills
shortage is no longer an imbalance. It’s
an urgency.

A Race We Must Win

The stakes are high for the U.S. econ-
omy. More than eight years of record eco-
nomic expansion have failed to signifi-
cantly boost incomes among middle
Americans, reduce the levels of poverty,
or afford low-skilled workers higher liv-
ing standards. A drop-off in economic
growth can only hurt the outlook. If we
ignore the skills shortage:

...the income gap will widen further.
The vast majority of American families
have experienced either modest income
growth or an actual erosion in their living
standards in recent years, while the small
minority of upper-income families had
income growth.” While families certainly
move between income quintiles, it is dis-
turbing that, between 1989 and 1996, the
lowest quintile of families saw their in-
comes decline eight percent, while the
top quintile’s grew five percent.(See

" Figure F)
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Figuie G

Educotional Attainment of Civilian Labor Force, 1996 {Age 25 years ond older)

Some college, High school
no degree 19% dropout 11%
I

Associate High school
degree 9% / graduate,
no college 33%

College graduate 28%

.«.the cycle of poverty will not be
broken. The widening of the income
distribution contributes directly to child
poverty because the sharpest loss in real
incomes has been to young people just
beginning their working lives.' More
than a third of all America’s poor children
belong to families in which at least one
parent works all year, but whose eamings
can’t lift the family above the poverty
level.” The connection between education
and eamings is unmistakable: forty percent
of parents in working poor families are
high school dropouts. Another 35 percent
have no education or specialized training
beyond high school."

...U.S. workers with limited education
and training will be left behind.
Although the economy is improving, the
living standards of many working families
are not. Over the past 20 years )
(1975-1995), the eamings of high school
dropouts did not even keep up with infla-
tion, and high school graduates barely
kept pace. While it is troubling that little
more than a fourth of the entire civilian
labor force has a college degree, it is strik-
ing that this portion of the workforce is
the only one that has been able to keep up

Scurenc i 6: Burecn of Lobor Sicsisies
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with inflation.” If these patterns continue,
lifetime eamnings differences between high
and low levels of education will become

even more dramatic. (See Figures G and H.)

...competition for low-skilled jobs will
increase, especially as welfare recipients
move off the rolls. The 1996 welfare
reform bill has already begun to move
waves of chronically unemployed heads
of dependent households off of public
assistance. A robust economy has helped
reduce the number of welfare families by
almost one-quarter since January 1995, to
a current level below four million. But
these people were the easiest to place in
the workforce, because they typically
have some secondary education and work
experience. And there is no guarantee that
even a minority of this group will actually
stay employed. The biggest obstacle lies
ahead as recipients with marginal educa-
tions and no work experience are shifted
off the rolls. Even under the best condi-
tions, the current glut of low-skilled work-
ers — which has already reached a star-
tling 15 applicants per open position in
some Midwestem urban areas — will in-
crease.” Without the proper education and
training, they will have nowhere else to
turn. (See Figure L.)

America cannot afford to