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FOREWORD

This Volume is composed of source documents which report activities spon-
sored by the National Science Board Commission on Precollege Education in
Mathematics, Science and Technology, deliberations of a subgroup of the
National Science Foundation Engineering Advisory Commiitee, and a paper
prepared for the Pfizer Corporation. Five of the documents are reports from
conferences on mathematics, science and technology education. Participants in
these conferences included scientists, mathematicians and engineers, elemen-
tary and secondary school teachers and .administrators, representatives of
professional societies, foundations, private industry and business. Some papers '
report the results of surveys and assessments of ad hoc committee activities.

The first four presentations address the teaching and learning of mathema-
tics, science and technology in grades K—12. Issues of appropriate content and
process are discussed. Suggestions for changing some of the content of tradi-
tional elementary and secondary education are presented and arguments for the
need for all students to study mathematics, science and technology every year
during their elementary and secondary education are made.

Emerging new technologies hold promise for more effective education.
Though this is addressed in the papers related to subject matter learning and
teaching, the topic is sufficiently important to merit a separate presentation on
the uses of technology as a tool in education rather than learning about
technolpgy.

The new technologies have also allowed new research methods in the areas
of cognition and behavior. Some of the findings of this research relevant to
precollege mathematics, science and technology education are presented in this
volume. |

Tfhe NSB Commission has seen some excellent programs throughout the
country. New initiatives for improving elementary and secondary education,
which have been undertaken by states, are described herein as well as model
programs and some methods designed to motivate minority and female students
to pursue careers in scientific, mathematical and technological fields. And some
possibilities for business and industry to become involved in the improvement
of elementary and secondary education are described.

The views and opinions expressed in this Volume do not necessarily reflect
the views of the NSB Commission, the National Science Board or the National
Science Foundation. Nevertheless, in the opinion of the NSB Commission, the
contributions provide a useful range of perspectives on ways to improve and
continually ensure a sound and effective education in mathematics, science and
technology for the youth of our Nation. We hope the ideas expressed in this
Volume will aid those actively involved in the improvement of elzmentary and
secondary education and motivate others within their appropriaie roles to bring
this country’s educational system to the forefront in the world by the year 1995.
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THE MATHEMATICAL SCIENCES CURRICULUM K-12:
WHAT IS STILL FUNDAMENTAL AND WHAT IS NOT

Report from The Conference Board of the Mathehlatical Sciences
Prepared by Henry O. Pollak, Bell Labcratories

EXECUTIVE SUMMARY

Our charge from the NSB Commission was to identify what parts of mathema-
tics must be considered fundamental for education in the primary and secondary
schools. We concluded that the widespread availability of calculators and
computers and the increasing reliance of our economy on information process-
ing and transfer are significantly changing the ways in which mathematics is
used in our society. To meet these changes we must alter the K-12 curriculum by
increasing emphases on topics which are fundamental for these new modes of
thought.

This report contains our recommendations on needed changes—addi-
tions, deletions, and increased or decreased emphases—in the elementary and
middle school mathematics curricula and a statement of more general concerns
about the secondary school mathematics curriculum.

With regard to elementary and middle school mathematics, in summary,
we recommend:

® That calculators and computers be introduced into the mathematics
classroom at the earliest grade practicable. Calculators and computers

. should be utilized to enhance the understanding of arithmetic and.
geometry as well as the learning of problem-solving.

© That substantially more emphasis be placed on the development of skills
in mental arithmetic, estimation, and approximation and that substan-
tially less be placed on paper and pencil execution of the arithmetic
operations. '

© That direct experience with the collection and analysis of data be
- provided for in the curriculum to insure that every student becomes
familiar with these important processes.

We urge widespread public discussion of the implications of the. changing roles
of mathematics in society, support of efforts to develop new materials for
students and teachers which reflect these changes, and continued and expanded
experimentation within the schools.

With regard to the secondary school curriculum, in summary, we
recommend:

® That the traditional component of the secondary school curriculum be
streamlined to make room for important new topics. The content,

-
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emphases, and approaches of courses in algebra, geometry, pre-
calculus, and trigonomctry need to be reexamined in light of new
computer technologies.

® That discrete mathematics, statistics and probability, and computer
science now be regarded as ‘‘fundamental” and that appropriate topics
and techniques from these subjects be introduced into the curriculum.
Computer programming should be included at least for college-bound
students.

Modern computer technology clearly has vast potential for enriching and
enlivening the secondary school curriculum. However, we are not now in a
~ position to make firm recommendations. There is need for research on the
effects of incorporating technology into the traditional secondary school curric-
ulum. We urge federal support for investigations into this question, including
development of experimental matenals and prototypes of actual school
curricula.

Although we are generally optimistic about the future role of computers,
we feel we must highlight one point that worries us even though itis not directly
within our charge. The disparity of access between children who have a
computer at home and children who do not, threatens to widen the educational
gap that already exists between different economic strata. It is urgent that
programs be designed to address this problem.

A We clearly recognize that the most immediate problem is not the mathema-

tics curriculum, but the need for more; and better qualified, mathematics
teachers. One section of this repoit is devoted to recommendations on attracting
and training prospective teachers, better utilizing the talents of in-service
teachers, and retraining teachers who are madequately prepared for teaching
mathematics. We feel that the coming changes in subject matter and emphasis
not only will bring a new sense of vitality to K-12 mathematics, but also will
encourage teachers actively to seek and partlclpate in programs of professional
development.

The Conference Board of the Mathematlcal Sciences stands ready to assist
efforts to develop immediate strategies for addressing the teacher shortage and
to develop long-term sirategies for bringing about the curricular changes
envisioned in this report.

I. THE NSF/CBMS MEETING

In response to suggestions made at the July 9, 1982 meeting of the NSB
Commission on Precollege Education in Mathematics, Science and Technology .
and, specifically, to a request made by the Educators Panel of the Commission,
The Conference Board of the Mathematical Sciences (CBMS) held a special
meeting to address the topic THE MATHEMATICAL SCIENCES CURRICU-
LUM K-12: WHAT IS STILL FUNDAMENTAL AND WHAT IS NOT. The
meeting was held on September 25-26, 1982, at the headquarters of the
Mathematical Association of America in Washington, D.C.
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Participants in the meeting included the presidents of the American
Mathematical Society, National Council of Teachers of Mathematics, Mathe-
matical Association of America, American Mathematical Association of Two-
Year Colleges, and Society for Industrial-and Applied Mathematics. Two
members of the Commission, Frederick Mosteller and Katherine Layton, and
two members of the Commission staff, Ray Hannapel and Mary Kohlerman,
also participated in the meeting. The other participants were representatives of
the CBMS constituent organizations and the CB'VIS officers. (The list of
meeting participants is in Appendix A.)

Six position papers on the fundamentals in the mathematics curriculum
were written expressly for this conference. These position papers, along with
various other background materials were distributed to all participants prior to
the meeting. (Copies of the position papers are in Appendlces DandE. A list of
other materials is in Appendix E.)

The initial portion of the meeting was devoted to discussion of the position
papers. Following this, participants joined working groups to address the
question of what is still fundamental and what is not in K-8 and in secondary
school mathematics. A gcneral discussion of the written reports of the working
groups was held during the last hours of the Saturday session.

On Sunday, new working group assignments were made to discuss the

. implications of changes in the K-12 mathematics curriculum. The reports from

these groups were discussed in the closing session of the conference.

3 ‘. 1

II. RECOMMENDATIONS TO THE COMMISSION

INTRODUCTION

In the limited time available during the conferer.-e. it was not possible to
establish full consensus on every detail of the workir.p . roup reports. However,
there clearly was broad consensus on the need to incorporate calculators and
computers, as well as additional data analysis, into the K-12 curriculum and to
make the necessary adjustments in the mathematical topics and modes of
thought traditionally taught at these grade levels.

Some detailed recommendations on the fundamentals in the K-8 curricu-
lum, what should be emphasized more and what should be emphasized less, are
given in the working group report, * £lementary and Middle School Mathema- -
tics.” The corresponding adjustment - needed in the secondary school curricu-
lum, where the impact of technology is even greater, are described in more
general terms in the two reports, ‘‘Traditional Secondary School Mathematics”
and ‘‘Non-traditional Secondary School Mathematics.”” In this area much more
investigation and experimentation are required before a firm consensus can be
reached.

Recommendations on dealing with the challenge of providing children
with access to, and understanding of, computers and calculators pervade this
entire report. They are dealt with specifically in the report, *“The Role of

[4
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Technology.” A statement of the relationship between the mathematics curricu-
lum and what is, or can now be, taught in other disciplines is given in the report,
“‘Relations to Other Disciplines.” The report, entitled *“Teacher Supply, Educa-
tion, and Re-education,” contains a variety of recommendations on attracting
and retaining well-qualified mathematics ieachers.

The question of the total time in the school curriculum which should be
devoted to the study of the mathematical sciences was not addressed in any
detail at the meetings. The general feeling was that, at the primary level, there
appears to be an approximate balance between topics needing more emphasis
and those needing less. At the secondary level, it is not yet clear how much
time, in addition to the time that can be gained by streamlining the traditional
mathematics curriculum, will be needed foi Jiscrete mathematics, probability
and statistics, and computer science. This can only become clear after detailed
examination of model mathematical sciences curricula and careful considera-
tion of the many competing demands for time in the overall school curriculum.

There was general agreement at the conference that the most pressing
immediate problem is the need for more, and better quaiified, teachers in the
classrooms. No curriculum, no matter how well-founded, can possibly succeed
without deaicated and competent teachers to teach it. However, many partici-
pants felt that appropriate changes in the curriculum at this time, rather than
detract from efforts to deal with the teacher shortage, could bring a new sense of .
vitality to K-12 mathematics and could serve to encourage teachers to actively
seek and participate in programs of professional development.

* Participants in the conference were also in agreement that their sugges-
tions, even if influential in full, cannot be expected to constitute a ““cure-all”’ foi’
all the shortcomings of K-12 mathematics. In fact, a fundamental improvement
in K-12 mathematics can be hoped for only within the framework of a general
improvement of the total school environment. Remedies for the difficulties
facing the teaching community (low teachers salaries, low prestige, lack of
support by society, lack of discipline in the classroom, irregular attendance,
etc.) are societal in nature and fall outside both the mandate and the competence
of this group.

SOME ADDITIONAL RECOMMENDATIONS

" In addition to the ¢oncerns-and recommeidations in the working group reports,
a few points were emphasized in the general discussions which are of vital
importance in the implementation of any curricular changes:

® Textbooks

Textbooks play a key role in the mathematical sciences curriculum at all
levels. Any major changes in the curricula at the elementary, middle, or high
school levels must be accompanied by corresponding changes in textbooks. For
this to happen, the groups responsible for preparing textbook series and for
adopting textbooks must have substantial subject matter competence and have
available to them direct evidence of textbook effectiveness.

4 ; | 15



® Te_sting =,
To a large extent the grade and high school teachers are under strong

pressure to train their pupils so as to maximize their chances of doing well on
standardized tests. As long as these tests stress computations, the pupils are
bound to be drilled in computations, regardless of any other guidelines the
teachers may have received, and even contrary to the sounder conv1ct10ns the
_ teachers themselves may have. -

We call the attention of the Commission to the power and influence of
standarized tests. Properly modified, these can have considerable effect in
hastening the hoped-for improvements in the teaching of mathematics in grades
K12,

® Articulation

The entrance requirements and course prerequisites of the nation’s colleges
and universities are major factors in determining the topics in the secondary
school curriculum as well as the amount of time devoted to them. Efforts to
change the curriculum at the secondary level must be carried out in a coopera-
tive effort with the colleges and universities.

® Equal Access

The disparity of access to computers between children who have a compu-

ter at home and children who do not threatens to widen the educational gap that

- already exists between different economic strata. This disparity is exacerbated

by the differences in resources available to different school systems. It is urgent
to design programs to address this problem.

® Women and Minorities

The conference noted with satisfaction the improvement during recent
years in the participation of women in upper secondary mathematics. The many
efforts that have led to this improvement must continue to be supported. We
look forward to corresponding success with minority and handicapped students
and continued improvement in the participation of women.

WORKING GROUP REPORT: ELEMENTARY AND MIDDLE
SCHOOL MATHEMATICS |

Arithmetic and, more generally, quantifative thought and understanding con-
tinue to become more important for more people, but the importance of various
aspects of arithmetic has changed and will continue to change as computers and
calcuiators become pervasive in society. The suggestions below are designed
better to equip students for life and effective functioning in the developing age
of technology. We believe implementation of these suggestions into the K-8
curriculum will make students more adaptive to future change, better equipped
to use modern technology, better grounded in the mathematical bases for other
sciences, and better grounded f{or further school mathematics.

A principal theme ‘of K-8 mathematics should be the development of -

number sense, inclijding the effective use and understanding of numbers in
applications as well as in other mathematical contexts. -



The changes we propose are fairly substantial, but are primarily in
emphasis rather than in overall content. We believe they are consistent with, and
are natural outgrowths of, recommendations relative to K-8 education of the
earlier valuable documents, Basic Mathematical Skills by NCSM and An
Agenda for Action by NCTM.

When implemented, the desired char.ges at the K-3 level lead to even more
significant improvements at the 4-6 and 7-8 grade levels. They essentially
replace excess drill in formal paper-and-pencil computations with various
procedures to develop better number sense on the part of the student.

Here is a list of special concerns:

1) Thorough understanding of and facility with one-digit number facts
are as important as ever.

2) The selective use by students of calculatess and compuiters should be
encouraged, both to help develop concepts and to do many of the
tedious computations that previously nad tc be done usin; paper and

pencil.

3) Informal mental arithmetic should be emphasized 2t ali levels, first
“aimed at exact answers and later at approximate ones. Such activity is
"necessary if students are to be able to decide whether compater or

calculator printouts or displays are reasonable and/or make sense.
Informal mental arithmetic involves finding easy, not formal al-
-gorithmic, ways of looking at number relationships.

4. There should be heavy and continuing emphasis on estimation and

approximation, not only in formal round-off procedures, but in

- developing a feel for numbers. Students need experience in estima-

ting real world quantities as well as in estimating numerical quantities

which appear in complicated form. Methods requiring explicit (right

or wrong) answers should be used where possible to help develop

estimating procedures. For example, many exercises on comparing

complicated fractions with easy ones (e.g., 12/25 with 1/2, and

103/299 with 1/3) can be used to get students to think of complicated
fractions as close to, but less than (or more than), easy fractions.

5) There should be a heavy and continuing emphasis on problem-
solving, including the use of calculators or computers. Trial and error
methods, guessing and guestimating in solving.word problems
should be actively encouraged at all levels to help students understand

- both the problems and the use of numbers. Naturally, examples and
illustrations should be.appropriate to the students’ age, interest, and
experience.

6) Elementary data analysis, statistics, and probability should be intro-
duced, or expanded in use, including histograms, pie-charts, and
scatter diagrams. The understanding and use of data analysis is
becoming a vital component of modern life. The collection and
analysis of data should irclude personzl data of meaning to students,
e.g., number of siblings, students’ ages, heights and weights, data
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culled from newspapers, almanacs, and magazines, random data such
as that produced by urn schemes and data from experiments in other
school subjects. ‘

7. Place value, decimals, percent, and scientific notation become more
important. Intuitive understanding of the relative sizes of numbers
that arise in the everyday world of applications becomes even more
vital.

8) More emphasis on the relationship of numbers to geometry including,
for example, number lines and plotting, should lead to better undes-
standing of the concepts of arithmetic and of geometry.

9) Understanding of fractions as numbers, comparison of fractions, and
conversions to decimals should have more emphasis®while drill on
addition, subtraction, and division of numerical fractions with large
denominators should have less.

10) Drill on the arithmetic operations on three- (and larger) digit numbers
should be de-emphasized. Such computations can and shouldbe done
by calculators and computers.

11) Intuitive geometric understanding and use of the mensuration for-
mulas for standard two- and three-dimensional figures should be
emphasized. More stress on why the formulas make sense is needed.

12) Function concepts including dynamic models of increasing or de-
creasing phenomena should be taught. (For more details. see 8 in
“Traditional Secondary School Mathematics.””)

13) The concepts of sets and some of the language of sets are naturally
useful in various mathematical settings and should be used where
appropriate. However, sets and set language are useful tools, not end
goals, and it is inappropriate to start every year’s program with a -
chapter on sets.

14) Based on motivation from arithmetic, algebraic symbolism and tech-
niques should be encouraged. particularly in grades 7 and 8.

15) More extensive use of mathematics and computers in many other
subjects including business, languages, social science and science
courses should be actively pursued. We encourage the consideration
of this matter by experts in these fields and welcome opportunities to
collaborate on further work in this area.

A discussion of possible computer programmiing or computer literacy
courses is left to other groups for further study.

We call the Commission s attention to the fuller.discussions and comments
related to the K-8 curriculum in various position papers discussed at this
conference including those of Anderson, Hilton, Pollak, and Willoughby.
Implementation Concerns

1) We hope the Commission will encourage widespread public discussion
of the implications for K-8 mathematics of the changing roles of

7 » r™
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arithmetic in society. As an early step, we suggest discussions and
conferences between teachers, supervisors, mathematics educators,
mathematicians and editors of textbook series concerning this report
and cthers on the same general topic..Such conferences could be quite
inexpensive if most participants are local.

2) We hope the Commission will seek ways to encourage the develop-
ment and use of textbooks for students and of teacher-training materials
in the spirit of the suggestions made above.

3) We hope the Commission will seek ways to encourage changes in
standardized tests toward number sense and problem-solving and away
from single-operation computational skills.

4) We hope the Commission will encourage school systems to reassign
interested teachers at the 4-6 grade leve! to become specialists at
teaching mathematics or other disciplines. One mode might be a
simple trade of classes between teachers with each teacher concentrat-
ing in areas of particular interest and competence. The needed changes
in subject matter emphasis will be much easier to effect if those actvally
teaching any subject are seiccted for their special interests and apti-
tudes. Special inservice training programs should be developed for all
such semi-specialized teachers, whatever their subject.

5) We hope the Commission will seek ways to improve the status of
teachers and the conditions under which teachers attempt to do the
important and difficult job of educating future citizens.

6) We believe that the needed changes can be brought about somewhat
gradually and with general support of those concerned. There already
is discussion in teacher and supervisor groups concerning many of the
ideas put forth here. The proposed changes generally involve modifica-
tions in the way mathematics is introduced and used in schools rather
than adding new subject matter. The changes should permeate texts and
not just be add-ons that can be ignored. There appears to be an
approximate balance in time between topics needing more emphasis
and those needing less. With the exception of computer use and the
possible exception of parts of data analysis, the topics needing added
emphasis have been taught and learned in American schools at various -
times and places in the past. The diminished role of paper and pencil
computation is perhaps the topic which will provoke most concern and

“possible disagreement.

WORKING GROUP REPORT: TRADITIONAL SECONDARY
SCHOOL MATHEMATICS

Current secondary school mathematics curricula are organized into separate
year-long courses covering algebra, geometry, and precalculus topics. There are
proposals that challenge this traditional division of school mathematics and the
position of calculus as the primary goal for able college-bound students. Thus,
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the following analysis used conventional course headings for discussion of
proposed changes in traditional topics, not as endorsement of the status quo.

1) Overall Recommendation

The :raditional component in the secondary curriculum can be stream-
lined, leaving room for important new topics. However, since breakthroughs in
technology which allow this streamlining are so recent and the conceivable
implications so revolutionary; it is not yet entirely clear what specific changes
arc appropriate.

2) Algebra

The basic thrust in Aigebra I and II has been to give students moderate
technical facility. When given a problem situation, they should recognize what
basic algebraic forms they have and know how to transform them into other
forms which might yield more information. In the future, students (and adults)
may not have to do much algebraic manipulation—software like mu-Math will
do it for them—but they will still need to recognize which forms they have and
which they want. They will also need to understand something about why
algebraic manipulation works, the logic behind it. In the past, such recognition
skills and conceptual understanding have been leared as a by-product of
manipulative drill, if learned at all. The challenge now is to teach skills and
understanding even better while using the power of machines to avoid large time
allotments tc tedious drill. Some blocks of traditional drill can surely be
curtailed, e.g., numerical calculations using look-up and interpolation from
logarithm and trigonometry tables.

3) Geometry

A primary goal of the traditional Euclidean geometry course is to develop
logical thinking abilities. But not every fact need be given a rigorous proof to
pursue this goal. Nor need this be the only goal of geometry, nor geometry the
only means towards this goal.

We recommend that classes work through short sequences of rigorously-
developed material, playing down column proofs, which mathematicians do not
use. These proof sequences should be preceded by some study of logic itself.
Important theorems not proved can still be explained and given plausibility”
arguments, and problems involving them can be assigned. The time which

becomes available because proofs are de-emphasized can be devoted to study of . .

algebraic methods in geometry, analytic geometry and vector algebra, es-
pecially in three dimensions. Work in three dimensions is esseritial if one is to
develop any pictorial sense of relations between many variables, and handling
many variables is essential if one is to. model phenomena realistically.

There is much room for using computers in geometry. The power of
graphics packages makes it much easier for students to get a visual sense of
geometric concepts and transformations. The need to use algebraic descriptions
of geometric objects when writing graphics programs reinforces analytic geom-
etry. Finally, the .algorithmic thinking needed to write programs bears much
resemblance to the thinking required to devise proofs.

Is



4) Precalculus

What often happens in this course is that students see the same topics yet
another time, with more drill but with little new perspective. For better students
there may not be a need for a precalculus course if drill is no longer so important
and if algebra and geometry are done ‘‘right,”” with the concepts made clear. For
instance, one justification for the precalculus course is the perceived need to
develop the idea of functions; functions appear in Algebra I and earlier, but
current teaching may give too static an understanding. With computers, the
concept of function can be made central earlier and more clearly. The comnuter
supports qualitative analysis of the graphs of functions, in a dynamic mode of
display, and also allows detailed analysis of zeros, rates of change, maxima/
minima, etc.

5) Algorithmics

Computers and programining iiave mzde ine cieative human talents and
skills involved in developing and analyzing, algorithms extremely important.
These talents and skills, emphasized by the group on non-traditional topics, can
be exercised quite naturally through traditional topics as well. Much of high
school algebra consists of systematic methods for handling certain problems,
e.g., factoring polynomials. Such methods are algorithms. Instead of making
the student carry out such methods with paper and pencil a boring number of
times, have the student do it just a few times and then program a computer to do
it. The understanding gained should be at least as great.

6) The Average Student

For the many students in secondary school who are not specially talented
in mathematics and not headed for careers in science or technology, current
programs are a source of discouragement, anxiety and repetition in a dull **basic
skills” program which serves them poorly. We cannot ignore the needs of this
large and important group. Computers, as mathematical tools and media of
instruction, offer a fresh window into mathematics for them.

7) Cautions

We have suggested that technology provides an opportunity to devote less
time to traditional techniques while boosting understanding and allowing more
time for more complex, realistic problem-solving. However, there are several
cautions. First there are widespread and deep reservations about how much
traditional goals should give way to technology. Second there is little research
data on the feasibility of such changes, and there are almost no prototype school
curricula embodying the new priorites. Experimental programs, and research
. on the results, must be given major support. Third, changes in secondary
programs must be carefully articulated with the expectations of colleges and
employers, who often have conservative views about curricula. Finally, the
syllabi of an extensive range of standardized tests play a very influential role in
setting curricula and the actual classroom emphases of teachers. If curricula are
to change, the tests must be changed. Clearly, strong national leadership and
cooperation are necessary, from teachers, mathematicians and public policy-
makess, to meet these challenges and implement significant change.
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WORKING GROUP REPORT: NON-TRADITIONAL SECONDARY
SCHOOL MATHEMATICS

On two basic principles the panel was unanimous:

—There is need for substantial change in both the subject matter of and the
approach to teaching in secondary school mathematics.

—If changes are to be made in secondary school mathematics, we must
make haste slowly, taking care at all times to insure full consultation
with and support from the secondary school mathematics teaching
community.

Our specific recommendations are grouped under five headings: Subject-
Matter, Approach to Teaching, The Use of New Technology, Teacher Training
and Implementation.

1) Subject Matter

Careful study is needed of what is and what is not fundamental in the
current curriculum. Our belief is that a number of topics should be introduced
into the secondary school curriculum and that all of these are inore important
than, say, what is now taught in trigonometry beyond the definition of the
trigonometric functions themselves. These topics include discrete mathematics
(e.g., basic combinatorics, graph theory and discrete probability), elementary
statistics (e.g., data analysis, interpretation of tables, graphs, surveys, sam-
pling) and computer science (e. g programming, introduction to aleorithms, .
1terat10n)

2) Approach to Subject Matter

. The development of computer science as well as computer technology
suggests new approaches to the teaching of all mathematics in which emphasis
should be on:

—algorithmic thinking as an essential part of problem-solving

—student data gathering and the investigation of mathematical ideas in
order to facilitate learning mathematics by discovery.

3) Technology

New computer technology allows not only the mtroduct10n of pertment
new material into the curriculum and new ways to teach traditional miathematics .
but it also casts doubt on the importance of some of the traditional curriculum,
Just as the hand calculator casts similar doubts about instruction in arithmetic.
Particularly noteworthy in this context at the secondary level are:

-—Symbolic manipulation systems which even now, but certainly far more
in the near future, will allow students to do symbolic algebra (and
calculus) at a far more sophisticated level than they can be expected to
do with pencil and paper

—Computer graphics and the coming videodisc systems which will
enable the presentation and manipulation of geometric and numerical
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objects in ways which should be usable to enhance the presentation of
much secondary school mathematical material.

One caveat which we would stress is that this technology and related
software packages inust be used not to enable students to avoid understanding of
the essential mathematics but rather to enhance such understanding and to allow
creative experimentation and discovery by students as well as to reduce the need
for tedious computation and manipulation.

4) Teacher Traixing

There are two aspects of this, both dealirg with secondary school mathe-
matics on which we wish to comment: -

a) Retraining of current teachers in the new topics, approaches and
technology. '
One possible new approach to this might be the use of college students
“to aid and instruct secondary school personnel as part-time employees
?nd perhaps through such incentives as forgiveness of student loans.

b) Education of new teachers. .
Crucial to long-term solution of the secondary school mathematics
‘ ‘education problem is that the requirements for degrees in mathematics
" education be, as necessary, changed to incorporate modern content
and approaches. In particular, we believe that all prospective teachers -
of secoiidary school mathematics should be required to take at least:

—one year of discrete mathematics in addition to traditional calculus
requirernents

—-one semester or one year of statistics (with focus on statistical
methods rather than n. thematical statistics)

—one year of computer science.

5) Implementation

We recognize that the kinds of changes proposed here -not only require
much more study than has been possible hy our panel but that also they will
never be implemented unless there is dedicated cooperation among:

—secondary school teachers of mathematics and their professional
organizations

—college curriculum people in schools of education and in mathematics
departments and including their organizations :

—state and local education authorities and their organizations.

A conference at an early date bringing together these groups to discuss the
relevant problems and plan future action might be the most fruitful next step to
provide some momentum for the changes we believe are necessary.

WORKING GROUP REPORT: THE ROLE OF TECHNOLOGY

Computers and related electronic technology are now fundamental- features of
all learning and working environments. Students should be exposed to arxd
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utilize this technology in all aspects of school experience where these devices
can play a significant role.

13.

We recommend: ; |

1)

2)

3)

4)

5)

6)

)

A
\

The potential of technology for enhancing the teaching of mathema-
tics and many other subjects is vast. Development of such resources
should be supported at a national level. Specific examples include
computer-generated graphics, simulations, and video-disc
courseware materials. There should be efforts to creute a network
providing easy access to such banks of material.

While computing technology offers promise to enhance learning,
differential access to the benefits of that technoloyy’could widen the
gaps in educational opportunity which already separate groups in our
society. It is imperative that every effort be made to provide access to
computers and their educational potential for all sectors of society.

As a general principle, each mathematics classroom should have
available computers and other related electronic technological devices
to facilitate the computing and instruction required for mathematics
learning and competency. Such availability of computers and other
electronic technological devices in the mathematics classroom is as
important as the availability of laboratory equipment for science
instruction.

Hand calculators should be available in mathematics classrooms (both
in elementary and secondary schools) for students on the same basis
that textbooks are now provided.

Support should be given for broad developments in software that may
be useful in the schools. School districts should encourage their
teackiers and students to engage n cooperative development activities '
and to find ways to recognize and disseminate the products of those
efforts.

Computer literacy involves not only the use of computers to accom-

plish a great spectrum of tasks but also a general understanding of the

capabilities and limitations of computers and their significance for the

structure of our society. Development and implementation of appro-.
priate programs to teach these more general concepts should be

supported.

Possible curricilar changes emanating from technological changes
will require careful study and deliberation over a long period of time.
This activity must be-encouraged and supported from a national level.
The exploratory projects should bring together teachers, curriculum

" developers, mathematicians, and affected interested parties from

business and industry. The new programs developed should be tested -

‘extensively in a variety of settings to insure that they work with real

students and schools before cxtensive implementation is attempted.

)
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8) The interplay between word-processing, computers, data bases, and
data analysis methods assists in breaking down barriers between
disciplines, thus offering an opportunity for schools to provide a
range of holistic problem-solving experiences not typical in school
today. Using the technology as an aid, students can plan and conduct
data collection, analysis, and report writing that is realistic, attractive,
and far beyond normal expectatious in today’s schools.

9) The need for well-trained, highly qualified teachers of mathematics is
a must in a technological society. Support should be given to organiz-
ing programs for inservice training and retraining of current teachers
of mathematics (elementary and secondary) who are inadequately
prepared to teach a technologically-oriented curriculum, but have the
capacity to profit from such programs to-strengthen their mathemati- -
cal preparation and teaching skills.

10) While technology provides opportunities, it also makes demands. The
world becomes a more complex place in which to live. If we are to
insure that a broad spectrum of society can function and participate
actively in the business/industrial community and decision-making of
the country, it is imperative that students become adept in the precise,
systematic, logical thinking that mathematics requires.

WORKING GROUP REPORT: RELATIONS TO OTHER
DISCIPLINES

Along with the effects of computational technclogyv on the mathematics .
curriculum, it is also necessary to consider how tius technology and the
proposed curricular changes affect the relationships between the curricula in
other disciplines and the curriculum in mathematics. We have interpreted the
phrase “‘other disciplines” rather broadly.

First, using a narrow view, we must look at the effects these curricular
changes will have on science education. There has always been a necessary
interaction and coordination between the science and mathematics curricula;
particularly with the physical sciences. Ata minizuum, this revised curriculum,
which encourages student use of calculators and computers and emphasizes a
good sense of estimation, provides an opportunity for elementary and high
schoei education to be more realistic and eliminates the use of specialized
problems with *“easy numbers.” If we raise our sights a bit, there is an
opportunity for a better coordinated and integrated total science education.
Furthermore, the introduction of statistical ideas, data handling procedures, and
discrete mathematics provides an opportunity for a more mathematical discus-
sion of social science problems at the elementary and high school levels.
Similarly, changes in currently available tools will undoubtedly affect courses in
business and commercial programs.,

Related questions arise on the other side. What do the school programs and
the cullege programs in natural sciences, social science, and business require in
the mathematical preparation of entering students? We believe the suggested
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curriculum can only be an improvement. but discussions with leaders of those
disciplines is required.

Taking the broad view, we also believe that this modified curriculum,
which provides students with the same (or greater) ability to use mathematics as
well as an ability to use and appreciate the technology, will provide for a wiser
citizenry. The graduates of such a program should be better equipped to deal
with *“poll results’” and statistical data references to the economy and sociologi-
cal problems.

We believe there is one serious area in which the nation needs more data
for the development of an appropriate mathematics curriculum. Namely, what
are the needs, interms of mathematical skills. of the students who seek technical
vocational employment without going on to further schooling? Furthermore,
what are the mathematical needs of students going on to technical or vocational
schools? Although we do not know the answer, we believe the new curriculum
will do at least as good a job as the existing one. A conference or meeting to
explore this area would be an excellent idea and would complement our work.

WORKING GROUP REPORT: TEACHFR SUPPLY. EDUCATION,
AND RE-EDUCATION

Efforts to improve and up-date.the mathematics curriculum and to increase the
mathematics, science, and technology literacy of all citizens requires the
support of qualified mathematics teachers at all levels. At present there is a
serious and well-documented shortage of qualified teachers of mathematics at
the elementary and secondary school levels in most areas of the country.
Economic, employment, and social conditions forecast that the current short
supply may indeed be a long-term problem. Furthermore, even in geographic
locations where adequate supplies exist, the frequent turncver of mathematics
teachers tends to impede learning.

The following recommendations add.ess the need to increase the supply of
mathematics teachers as well as to improve the qualifications of the teacher and
thereby, the learning, of mathematics:

1) While state and local efforts by industry, business, and academe to deal
with the teacher shortage are laudable and should continue, the magni-
tude of the problem is national in scope. An articulated national
commitment with federal leadership and support is needed for its
resolution. The public should be made aware of the problem through
more effective publicity.

2) Incentives of all types need to be studied to artract and retain qualified
" teachers of mathematics. Financial incentives should be given special
attention with priority assigned to those which do not create undue
inequities and tensions among colleagues, in order to avoid being
counterproductive. ’ C
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Examples of possible incentives and support systems include the following:

16

a)

b)

C)

d)

3)

Forgiveness of student loans and/or interest on loans for those who
enter the teaching field.

High entry level salaries for special expertise (e.g., computer
training).

Reduced teaching loads to allow teachers to pursue graduate study or
other advanced training in the mathematical sciences and applied
areas. )

Financial support of graduate study or other advanced training in the
mathematical sciences and applied areas.

Salary differentials by discipline.

Summer positions and other cooperative arrangements with business
and industry to supplement a teacher’s income (with the obvious
caveat that the short supply of teachers is largely due to the fact that
higher industrial salaties lure teachers away; industry would have to be
discouraged from using this arrangement for recruitment purposes).

In an era when content and technology ae changing so rapidly,
incentives are needed to keep qualified teachers in the field abreast of

~ current trends in the mathematical sciences. Inservice workshops,

4)

NSF-type institutes, retraining courses, industrial experiences, and
other forms of continuing education can serve to refresh the faculty and
renew their commitment to teaching.

In some parts of the country, teachers from other disciplines are being
assigned to teach mathematics classes. These teachers need considera-
ble subject matter training and assistance in developing appropriate
teaching strategies in order to reach a level of preparation close to that
of regular mathematics teachers and succeed in their new assignments.

5) Encouraging colleges and universities to loan their faculty, and"busi-

r.css and industry to loan their mathematically-oriented employees to
teach courses in the secondary schools could be mutually beneficial.
Qualified retirees or near-retirees might also be recruited to enter the
teaching field. (Of course, the issues of appropriate teacher training and
certification need to be addressed.)

6) In states where this is not the norm, it is recommended that teacher

certification requirements be stated in terms of the specific topics to be
covered in the subject area rather than in terms of just total number of
credits. ‘

7) Recommendations regarding the: mathematical fundamentals to be

covered in educating qualified teachers of mathematics include:

a) Elementary Level

It is strongly suggested that mathe matics at the elementary school level
be taught by teachers who specialize in mathematics. Whether the
teacher specializing in mathematics should be assigned to all grades or
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Just to grades 4-6 (or 4-8) requires further study. An alternative
approach would be to identify those teachers in a given school who
most enjoy teaching mathematics. Those teachers could be assigned to
teach all mathematics courses across a grade level, while other teach-
ers do similarly in reading and writing.

The following recommendations pertain to both the regular elemen-
tary school teacher and the teacher specializing in mathematics:

For entry into the mathematics education program for elementary
school teachers, at least three years of college-track mathematics in
high school is recommended. College mathematics courses should
provide a sufficient background to understand the relationships be-
tween algebra and geometry, functions, elem.ntary probability and
statistics, instruction in the use of the hand-held calculator, and some
exposure tc «omputers. Creative approaches to problem-solving
should also  ~ included in the curriculum. Training should be at least
one level ' ¢ what is being taught. This background is particularly
importan * ht of children’s awareness of the world around them ,
through ten - . n. other media, computers, and so on.

b) Secondary Level

Secondary school mathematics teachers shbuld have course work in
mathematics equivalent to a major in mathematics. Requirements for
those who will teach mathematics should include the equivalent of a
two-year calculus and linear algebra sequence, discrete mathematics,
probability and statistics, and appropriate computer training. These
courses should develop in the student a sense of *‘mathematical
maturity” in the approach to problem-solving.

Conclusion

The recommendations cited here require careful planning and implemen-
tation. With high technology a mainstay of our present and-future society, it is
imperative that we recognize and promote mathematics as a powerful, useful,
and enjoyable component of our lives.

The reader is referred to the following documents for additional
information: '

Precollege Teacher Training and Retraining in Light of Expected Changes in
School Mathematics. Richard D. Anderson, September 16, 1982.

Testimony Presented to the National Commission on Excellence in Education. '
Henry L. Alder, March 11, 1982. ST

Testimony Igresented 10 the National Commission on Excellence in Educatibn.
Harold D. Taylor, March 11, 1982.

Note: College and university curricula for educating mathematics teachers should be re-examined and revised in
accordance with the above guidelines and goals. Contingency plans should be developed in case separate
departments of mathematics and computer science are established at the secondary level in the future.
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APPENDIX A

NSF/CBMS MEETING PARTICIPANTS

September 25-26, 1982

Professor Richard Anderson
Department of Mathematics
University 7 the South

- Sewaner N 37375

Mr. Joseph Applebaum

Social Security Administration
6401 Security Boulevard
Altmeyer Building, Suite 700
Baltimore, MD 21235

Professor James Baldwin
Department ‘of Mathematics
Nassau Community College
Garden City, NY 11530"

Professcr John Burns
Department of Mathematics:
Virginia Polytechnic Institute
Blacksburg, VA 24061

Professor Ray Collings
Department of Mathematics
Tri-County Technical College
Pendleton, SC 29670

Professor John Dossey
Department of Mathematics
Illinois State University
Normal, IL 61761

¢

Dr. Edgar Edwards, Jr.

Virginia State Department of Education

Box 6Q
Richmond, VA 23216

Professor James Fey
13804 Beacon Hollow Lane
Wheaton, MD 20906

Dr. James Gates
1906 Association Drive

Reston, VA 22091 ) 2 .

/
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(President, Mathematical Association of America)

(Society of Actuaries)

(President, American Mathematical Association of
Two-Year Colleges)

(Society for Industrial and Applied Mathematics)

(American Mathematical Association of Two-Year
Colleges)

(Mathematical Association of America and Na-
tional Council of Teachers of Mathematics)

(National Council of Teachers cf Mathematics)

(Consultant, National Science Board Commission
on Precollege Education in Mathematics, Science,
and Technology)

(Exccutive Director, National Council of Teachers
of Mathematics)
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Professor Andrew Gleason
Department of Muthematics
Harvard University
Cambridge, MA 02138

Professor Mary Gray
Department of Mathematics
American University
Washington, D.C. 20016

Professor Emil Grosswald
Department of Mathematics
Temple University
Philadelphia, PA 19121

Dr. Raymond Hannapel
National Science Foundation
Room 527

1800 G Street, N.W.
Washington, D.C. 20550

Ms. Mary Kohlerman
National Science Foundation
Room 527

1800 G Street, N.W.
Washington, D.C. 20550 °

Dr. James Landwehr
Bell Labs

600 Mountain Avenue
Murray Hill, NJ 07974

Mrs. Katherine Layton
16566 Chattanooga Place
Pacific Palisades, CA 90272

Professor Nelson Markley
4809 Walbridge Street
Rockville, MD 20853

Professor Stephen Maurer
Alfred P. Sloan Foundation
630 Fifth Avenue"

New York, NY 10111-0242

Professor Douglas McLeod
Department of Mathematics

'San Diego State University

San Diego, CA 92182

19

(President, American Mathematical Society)

(Association for Women in Mathematics)

(Treasurer, Conference Board of the Mathematjcal
Sciences)

(Staff, National Science Board Commission on _
Precollege Education in Mathematics, Science and
Technology)

(Staff, National Science Board Commission on

" Precollege Education in Mathematics, Science and

Technology)

(American Statistical Association)

(Member, National Science Board Commission on
Precollege Education in Mathematics, Science,
and Technology)

(Secretary, Conference Board of the Mathematical
Sciences)

(Mathematical Association of America)

(Mathematical Association-of America and Na-

. tional Council of Teachers of Mathematics)
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Professor Frederick Mosteller
Statistics Dcpartment
Harvard University
Cambridge. MA 02138

Professor lvan Niven
3940 Hilyard Street
Eugene, OR 97405

Ms. Eleanor Palais
70 Temple Street
West Newton, MA 02165

Professor Seymour Parter
Department of Mathematics
Van Vleck Hall

University of Wisconsin
Madison, WI 53706

Professor Eileen Poiani
Department of Mathematics
St. Peter’s College

Jersey City, NJ 07306

Dr. Henry Pollak

Bell Labs, Room 7B-220
600 Mountain Avenue
Murray Hill. NJ 07974 °

Professor Anthony Ralston

Department of Computer Science

SUNY—Buffalo
Ambherst, NY 14226

3

Professor James Stasheff
Department of Mathematics
University of North Carolina
Chapel iill, NC 27514

Dr. Marcia Sward
1529 Eighteenth Street, N.W.
Washington, D.C. 20036

Mr. James Swift

RR 3, Site E

Nanaimo, British Columbia
Canada B9R 5K3

Professor Stephen Willoughby ‘

13 Dingletown Road
Greenwich, CT 06830
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23
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APPENDIX B
AGENDA NSF/CBMS MEETING

THE MATHEMATICAL SCIENCES CURRICULUM K-12:
WHAT IS STILL. FUNDAMENTAL AND WHAT IS NOT?"

September 25-26, 1982

Saturday, September 25 .
9:00 .m.-9:30 a.m. Opening Remarks, Henry Pollak Begle Room

The NSB Commission, Katherine Layton and Fre-
derick Mosteller

19:00 a.m.-10:00 a.m. General Discussion Scssion; The Position Papers  Begle Room
10:30 a.m.-10:45 a.m.  Break

10:45-12:00 noon General Discussion Session: Thé Position Papers  Begle Room
(continued)

12:00 noon-1:00 p.m. Lunch ‘

1.00 p.m.-2:00 p.m. General Discussion Session: The Position Papers  Begle Room
(continued) N

2:00 p.m.-3:30 p.m. Working Group Sessions Conference rooms

3:45 p.m.-5:00 p.m. General Discussion Session: The Working Group  Begle Room

Papers
Sunday, September 26
8:30 a.m.-9:00 a.m. General Discussion Session: New Working Group Begle Room *
Topies ‘
© 9:00 am.-10:30a.m. . Working Group Sessions Conference rooms

10:30 a.m.-10:45 a.m.  Break

10:45 a.m.-12:30 p.m.  General Discussion Session: The Working Group
Papers and The Report to NSF -
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SOME COMMENTS ON
THE AGENDA

Henry Pollak

The proposal under which this meeting is being
funded states the following. "*The purpose of this
meeting is to provide the NSB-Commission with
advice and guidancg from leaders in the mathe-
matical sciences community on the changes that
are needed to bring the nation’s mathematical sci-
ences curriculum (K-12) into the age oftechnology.
While CBMS cannot hope to produce a final defini-
tive document from a single meeting, we do think it
is possible to identify some general principles, to
formulate those questions most in need of further
investigation, and to propose some mechamsms
for conducting such investigations.”

The word “curriculum” in this should not be
narrowly construed. It includes questions of sub-
ject matter, of pedagogy, of teacher qualifications
and teacher education, of relations to other disci-
plines and of the relationship to technology. We
want to look into all of thes¢ at this meeting and
pull together our knowledge and our views. In
some cases, we will be able to give some pretty
definitive answers; in others we will formulate
questions in urgent need of further investigation

and proposed mechamsms for undertaking such

investigations.

In case you need convincing that there is enough
work to keep us busy this weekend, here are some
examples: Do we agree that estimation must have a
much greater role in elementary mathematics than
it has traditionally had? Do we agree that too much
time is traditionally spent on arithmetic manipula-
tions, and the hand-held calculator should have a
major effect on the curriculum (in the broad sense
that I have used the term)? What about the future of
the material and of the point of view on symbolic
algebraic manipulations in secondary school?
What is the place of data analysis in the schools?
What about decision making, statistics, al-
gorithms, discrete mathematics, and probability?
What about microprocessors and video discs and
graphics terminals?

Why have we organized the Conference the way
we have? We have position papers on many topics,
and the next item of business will be to discuss
them. After that, we have to break up into smaller
groups, roll up our sleeves and get to work. It
seemed tous that we should ﬁrst break up by school

sions, break up again by some of the major issues

on which our advice will be so important. We are

going to ask each of you to give us your preferences

“within Working Groups A and Working Groups B.
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On each topic we may have one or more working
groups, depending on how many of you sign up.
We will respect your preference, with the bound-
ary condition that each topic does need to be cov-
ered. Each working group will come up with opin-
ions, statements, conclusions and recommend-
ations for the benefit of the entire group.

There is an interesting and in my opinion con-
structive contradiction in what we are tryingtodo. .
We have here an excellent group of knowledge-
able, innovative people who we hope will have lots
of original ideas in the areas up for discussion. On
the other hand, we want also to take up and reach
consensus in areas that recently have been much
discussed, both by ourselves and others. The very
important fact will be that this group representing
the mathematical sciences community as no other
can, has agreed. This says something different’
from an individual having come to a particular
insight or conclusion. Both new ideas and affirma-
tions of current ideas will be important to the NSB
Commission.

There will be problems and issues on which our
conclusion will be that further work is needed—
and here is what form this might take. In some
cases it will be further work which CBMS might
undertake, in other cases it may be CBMS together
with other organizations or individual organiza-
tions within CBMS. Sueh recommendations will
also be part of our report to the NSB Commission.
It is possible that additional efforts will indeed be
uridertaken as a result.
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APPENDIX C

POSITION PAPERS BY MEETING PARTICIPANTS

Richard D. Anderson, An Analysis of Science and Engineering Education: Data and Information

Richard D. Anderson, Precollege Teacher Training and Retraining in Light of Expected Changes in
School Mathematics

Richard D. Anderson, Arithmetic in the Computer/Calculator Age
James Baldwin, Position Paper
James M. Landwehr, Memo on Activities of American Statistical Association

Stephen Willoughby, Position Paper

APPENDIX D

FOSITION PAPERS BY NON-PARTICIPANTS

Henry Alder, List of Temptations to Resist

Peter Hilton, The Role and Nature of Mathematics: Implications for the Teaching of Mathematics
Today

Stephen White, Notes on K-8 Math
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A REVISED AND INTENSIFIED SCIENCE AND
TECHNOLOGY CURRICULUM GRADES K-12
URGENTLY NEEDED FOR OUR FUTURE

Report from a Conference on Goals for Science and Technology Education
Grades K-12
Prepared by Earle L. Lomon, Massachusetts Institute of Technology

EXECUTIVE SUMMARY

At the request of the NSB Commission on Precollege Education in Mathema-
tics, Science and Technology the conference considered available data and
analyses relating to the situation in science and technology education. The
participants, broadly representative of the science and technology communities
in education, research and application, ‘reached the following conclusions and
recommendations.

Science and technology in the United States is lacking in two critical areas:

a. The recruitment and training of enough competent scientists and engi-
neers to maintain leadership in the technology so necessary to the nation’s

P prosperity. P
b. The nurturing’lﬁgtﬁe general population of enough familiarity with
science and technology fact§ and concepts and the facility with problem solving
strategies needed so that every person can cope adequately with their personal
lives, their work and their role as decision makers in our technological

democracy

Among the leading causes of the above problems are the following
deficiencies in precollege science and technology education:

i. Too little classroom time in those subjects.

ii. Insufficient curricular materials that demonstrate the importance of
science through applications, improve learning through the interest and involve-
ment of the student, and cultivate the student’s problem solving strategies.

iii. The decline in-numbers of qualified science teachers and in students
preparing for the profession. This is especially crucial in that rectifying items (i)
and (ii) above will require more teachers with better training in teaching
methods.

The recommended remedy for the problem (i) is to require science and
technology studies for everyone almost daily from kindergarten through grade
11, approximately doubling the present exposure. Those students preparing for -
careers in science and technology would also be expected to take science
courses in grade 12. : :

Rectifying the second deficiency requires the development of new curricu-
lar materials, and the wider use of some presently available materials, in which
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scientific methods, concepts and facts are applied by the students to problems
and situations which they can perceive as relevant. In the past decade such

curricula have been shown to be effective in improving basic skills, cognitive
- strategy and attitude towards science and mathematics. Further research in the
teaching and learning of science and mathematics can optimize the effectiveness
of the new materials and should be encouraged. These materials should empha-
size phenomena in the local environment for grades K-6, personal health and
biology in grades 7-8, and community wide problems with scientific and
technological aspects in grades 9-11. Updating of the discipline centered courses
for grades 10-12 and the partitioning of time between these disciplines each of
these years is recommended. "

The severe science teacher shortage should be urgently addressed in two
ways. First, by quickly providing in-service education in the content and the
methods appropriate to the curriculum described above and by revising pre-
service college courses to convey the curriculum’s teaching method as well as
content. Further preparation and technical support for the teacher should be
provided through science spccialists, regional centers, and by establishing
contacts with professionals in research and industry.

Second, by recruiting and retaining more competent science teachers. The
following recommendations will help in this task: {I) increased professional
satisfaction from teaching better courses to interested students, (2) participation
in curriculum development, and (3) additional pay justified by the need for more
time for training and activities in curriculum development work, equipment
maintenance and science fairs. '

A strong, well plarined support structure is needed to bring about the above
improvements. Financial and planning support is required from federal, state,
local and industrial sources. The importance of involving the research scientist
in science education policy and development and the earlier successful experi-
ence of the National Science Foundation in science education improvement are
compelling arguments for again channeling a major portion of support through
that agency.

The establishment of a Joint Council on Science and Technology Educa-
tion is proposed to formulate policy and monitor progress. A national center
could be established under the Joint Council’s direction to bring togeiher the
best people for policy discussions and research, to operate teacher institutes and
to instruct the public.

Rapid implementation of the above recommendations is urgently needed.
A beginning may be made in a few months using available funding, institutions-
and curricular materials. The program as a whole may take 10-20 years to
implement. - :

The nation should recognize the importance and long range nature of
science and technology education-improvement-by establishing and maintain-

ing support structures of a permanent natuse.

A more detailed list of the conference recommendations is in-section IV.
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'To meet the challenge the schools must overcome two obstacles: (i) the
shortage of good science and mathematics teachers, and (ii) a curriculum which
fails to inspire our brightest students to enter science and engineering careers

‘and to provide: the whole population with the needed level of knowledge and
appreciation of things scientific and technological.

In the late 50’s and 60’s we faced a similar educational crisis dramatically
emphasized by the flight of Sputnik. The nation responded with many new
initiatives in curriculum development and teacher training, particularly through
prograins fostered by the National Science Foundation’s Education Directorate.
Public support for these programs waned for a variety of reasons including the
decrease in Scholastic Achievement Tests and National Assessment of Educa-
tional Progress scores and other measures of science and mathematics ability.
Ironically we have since learned in recent research (see Voss, Bredderman) that
the new curricula led to better achievement than the traditional curricula.
Further analysis (Jones) shows that the declines were minor or absent in the
elementary grades, and also in junior high school biology and among those high
school students intending to pursue scientific, technological or business courses
in college. These are the areas for which most of the new curricula were
designed and thus they were by no means the cause of the declines in scores. The
reasons may have originated in societal changes and awarenesses which af-
fected the students’ home and school environment, but in any case were not due
to the new curricula (Layman). Infact, national test scores are now beginning to
improve and the new curricula are playing a positive role in this change (Voss).

-However the partial success of the curricular developments of the late 50’s,
60’s and early 70’s by no means implies that we have adequate curricula for the
present and future. The first wave of curriculum reform that began in the late
50’s was directed at increasing comprehension of science concepts and less at
motivation, awareness of relevance, and problem-solving strategies. The sec-
ond wave beginning in the late 60’s took advantage of what was learned earlier to
correct many weaknesses and to provide material that brought more concrete
experiences to mathematics and science learning and related it to the motiva-
tions of everyday life. This second wave was cut short in the mid 70’s. Further
experience and research since that time has indicated the need for further
curricular 1mprovements of importance. Much more is needed that illustrates
the usés of science and technology and the power of scientific methods in
tacklmg problems at all levels, versonal, community and national. Motivation

<and’ process skills are not well enough represented in the available curricula.

More ‘material is needed which engages the student in complex, rcalistic
problem solving activities.and thus develops the higher level cognitive
processes.

The critical shortage of teachers for mathematics and science in the schools
will in the long run be alleviated by a curriculum which motivates and prepares
students for science and technology -oriented careers. But in the short run, any
intensification of mathematics and science education will make the shortage
worse, while different’'emphases in curriculum content will widen the gap in
teacher preparedness. Thus, of paramount importance are considerations which
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I. CONFERENCE ORIGIN AND PROCEDURE

The Commission on Precollege Education in Mathematics, Science and Tech-
nology was established by the National Science Board and the Director of the
National Science Foundation in Aprii, 1982. It was charged with the develop
ment of a national action plan to improve the effectiveness of the mathematics
«d science education in the nation’s putlic schools. Having commissioned
several studies, reviewed many reports, and held several hearings over the past
year the Commission is now convening conferences to consider the evidence
and formulate recommendations.

The Conference on Goals for Science and Technology Education, Grades
K-12 was one of these, convened at the request of the Commission’s Task Force
on Education. Individuals representing science and engineering societies of
research and education, school science administrators and teachers, teacher
educators and curriculum developers were invited to attend. Organizers and
participants of the conference are listed in Appendix P. A collection of studies
and position papers prepared in the last few years was distributed to the
participants before and during the conference (see Bibliography, Appendix R).
Thus the conferees were immediately able to discuss their views on the best
solutions as described in section II. This led them to their own set of rec-
ommendations which are delineated in sections III and IV. ‘

II. THE CRISIS IN SCIENCE AND TECHNOLOGY EDUCATION

As the health and prosperity of our society. is derived more and more from
technology, especially high technology, our future becomes increasingly depen-
dent on the effectiveness of education in science and technology. Currently that
education is failing us in two crucial aspects: (i) there is a developing shortage of
the highly qualified scientists and especially engineers needed for teday’s
research, industry and higher education, hindering our industries’ productivity
and competitiveness, and (ii) the scientific and technological literacy of the
population is inadequate to cope with the tasks they must perform and the
decisions they must make with respect to environment and human welfare
concerns, as individuals and citizens in our technological world. While the
former necessitates the training of more and better scientists, engineers and
technicians, the latter requires a population sufficiently acquainted with scien-
tific fact and technological applications and Sx\l]]ed in making decisions based
on that knowledge. , "

Our elementary and secondary schools have a decisive role to play in-
_rectifying the situation. They must encourage a larger number of youths to
aspire to careers as scientists and engineers and better prepare themselves for
college studies. The schools must prepare a much larger segment of the
populationto operate our technological tools, such as computers, at home and at
work. In addition, the schools must provide the whole population with suffi-
cient awareness of and insight into our technological world so that it can cope
with the myriad ways in which technology affects private lives and the welfare
of communities. : .
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immediately attract more individuals into science teaching and offer more and
better pre-service and in-service preparation.

Finally, the conference had to consider the climate of disarray in the
support structure for education and its improvement. Negative public attitudes
toward science and technology and toward our schools and their curriculum are
reflected by lagging support at local, regional and national levels and by public
pressures for change dictated by uninformed reactions. Hopefuly more recent
positive trends in the public perception of the role of technology and science and
new information about how youths learn are preparing the way for major |
support of healthy new initiatives. How the conference dealt with all these issues
is described in the next section. .

III. THE POINT OF VIEW OF THE CONFERENCE
The Need

Views at the conference were in agreement with the major thrusts of the
conclusions of the documents in the bibliography (see Appendix R). In particu-
lar it was'agreed that the schools were not now providing enough science in the
early years to make a sufficient number of students aware of interesting science
and engineering careers. Equally important, the science that is taught is too
rarely demonstrated to be relevant to the concemns of the students at their
particular stage of development. Only a relative few are turned on by the natural
curiosity that traditionally motivates scientific careers. Even fewer students have
the opportunity to see the power of scientific investigation which also stimulates
interest. Furthermore, it is the applications of science in every walk of life which
are likely to motivate young people to consider careers in engineering. Such an
early and motivating curriculum is also essential in providing the population at’
large with the general information concerning contemporary science and tech-
nology necessary to their own welfare and their role in the larger community.
For them as well as for future scientists and engineers it is important that
problem-solving and decision-making skills be developed so that they can (i)
cope with the complexity of the technological aspects which affect their lives
and (ii) participate in a democracy where the masses influence decisions
concerning the use of technology. '

There exist some good curricula in the separate science disciplines for
those students who reach the last years of high school with suitable interest and
preparedness. These courses, however, may need updating to take into account
recent changes in the fields (in biology, for example, the rolé of genetic
engineering), the effective use of microcomputers, and the sharpening of
students’ problem-solving abilities. However, the chief difficulty here is the -
shortage of competent teachers.

The Curriculum :

Given the above considerations the conference came to the conclusion that
science and technology should be taught in every year at an appropriate level
and should be required for at least eleven years of school (see Appendix H). The
required curriculum up to and including the 10th grade should use what is now
available and develop further material that will (i) demonstrate the relevance of

29 . R ,




science and technology to many important aspects of the students’ livés and
their community and (ii) develop the higher cognitive strategies of problem
solving and decision making. It was agreed that these latter process skills are as
basic to our needs as those of computation and communication. A science
curriculum oriented toward practical issues, however, is also an excellent way of
fostering those traditional basic skills. The introduction of practical problems
which require the collection and manipulation of data, the communication of
results and ideas and the formulation and testing of, solutions or improvements
(i) improves the use and understanding of calculation and mathematical analy-
sis, (ii) sharpens the student’s ability to communicate verbally and in written
form with precision, (iii) develops the higher process skills, (iv) imparts
scientific concepts and facts as related to their application, (v) develops a respect
for science and technology and more generally for quantitative observation and
thinking, and (vi) stimulates an interest in many to enter scientific and engineer-
ing careers.

The conferees were impressed by recent research in cognitive process and
science teaching which has shown that curricular materials and teachmg strat-
egies that are application and activity-oriented and involve realistic problem
solving produce improved results in learning content and process and in
developing positive attitudes (Voss). They were further impressed by the
research which identifies specific strategies that further enhance concept and
process learning (Greeno) and urge close collaboration of researchers with
curriculum developers.

At an early age children are interested in the natural phenomena around
them. In adolescence they are particularly concerned about themselves, their
changing bodies and developing personalities. For these reasons it is advocated -
that in grades K-6 the emphasis oe on a hands-on approach focusing on natural
phenomena and problems in the child’s familiar environment. Science should
be taught daily in most of these grades. This implies about twice as much time
devoted to science than at present (Hurd). In grades 7-8 there is an excellent
opportunity for stressing various biological, chemical and physical aspects of
oneself as a human being (see Appendix C) and personal problems in which
science and technology play a role (clothing, drugs, weight and physical fitness,
etc.). The above scientific activities will also. present scope for the development
of skills in the quantitative analysis of data and hence in the use of the computer.

Emerging from adolescence youths become more concerned with their

role in the community, how successful they will be in the world, and what-the

- world is like for all. Hence in grades 9-11 it is recommended that the cumculur{;
be structured around the interaction of science and technology with the whol
society. Examples of the kinds of problems to be investigated that- integrate\
knowledge from engineering, physics, biology, earth science, chemistry and \
appiied mathematics are presented in Appendix I. The courses in these grades
would be as intellectually demanding as the traditional courses. The quantita-
tive and problem-solving aspects will be of much”higher level than what is
usually described as a ““general science” course for non-science students.
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At the 1th grade level many students are making decisions about their
future careers and it is at this time that disciplinary courses to provide back-
ground for college study are needed. In the 11th grade it is recommended that
such options be available for students as an alternative to the science, technol-
ogy and community curriculum described above, with more options available in
the 12th grade. Of course other effective variations of options can be envisaged
from 10th to 12th grade. In any case, the conference felt that more balance in the
development of facility in the disciplines could be achieved if each discipline
was taught for part of each year, for instance on the basis of three periods of
biology and two each of chemistry and physics in grade 11 and three periods of
physics or chemistry and two each of the other subjects in grade 12 according to
the students’ interest. Alternative schemes were a 3-2-2 balance over three years
or a 3-1-1 over three years with only one year required of these students for the
science, technology and community course. The offering of one semester
elective courses in the science disciplines is another alternative to year long
courses. The conference did not favor the omission of the proposed science-
technology sequence in order that advanced-placement courses in the trad1t10na1
sciences could be reached more rapidly. ~

Both the need for new materials and for about double the present science \\
teaching staff.would preclude the immediate implementation of the K-12 curric-
ulum described above. It is estimated that full implementation would take about
fifteen years. Many phases of the curriculum, however, could be implemented
within a few years with available course materials and teachers, given immedi-
ate resources for teacher preparation. Much of the K-8 curriculum for a reduced
total number of class hours and the conventional disciplinary courses in grades
10-12.can be implemented quickly. The science and technology course may be
started with a one-year course and grow as materials, curricula and staff are.
deeloped.

Use of Technological Tools

The conference also considered the great advantages that can be brought
. into education through the use of new communication and computation tech-
nologies. Television and other audio-visual technologies can be used to stimu-
late thought activities and problem solving, and to graphically illustrate worlds
of place, size and complexity othewise difficult to access. Calculators and
computers can provide the computational and modeling power necessary for
solving problems of real interest and can develop new systematic thought
processes. Consequently the frequent use of broadcast, closed-circuit television
and videotayc and the eariy introduction of calculators and computers (before
grade 6) is envisioned (see Appendix J). It is realized, however, that great care
must be taken to avoid the overuse and misuse of communication and computa-
tion technologies in education that may arise because of the fascination of the
media and our lack of experience about their effects. In particular the con-
ference was anxious that these tools not be used to replace the self-checking -
learning that comes from interaction with reality, nor to replace the teacher in
the bulk of situations where the teacher’s understanding of student response is
important. Television programs and computer software need to be developed
~ specifically for the recommended curriculum.

‘\
\
\ L
‘ J

31




Informal Education

Given the importance in the recommended curriculum attached to the
interaction of science and technology with the real, natural and social world, the
conferees believed that contacts with the community and opportunities for
informal education should be fostered (see Appendix G). Parents and experts
visiting the schools in various capacities, the students going out into the
community to investigate and improve Situations, to intern or observe career
situations, and to participate in tours arranged by museums, Audubon societies,
industries, etc. would all be valuable. The use of these informal opportunitics
are particularly important where school curricula and staffing are still deficient.

Teacher Preparation

The rate at which science teachers are leaving the profession (4% per year
to non-teaching jobs) and the decreasing number of student-teachers preparing
for and entering science teaching (64% drop from 1971-1980) is causing a
growing shortage of qualified teachers for today’s classrooms (as documented in
the paper by J. A. Shymansky and B. G. Aldridge). This has resulted in a
substantial proportion of high school science classes being taught by teacher-
not qualified to teach science (9% in 1981). The proportion of unqualified
teachers is growing each year because half of the newly assigned science and
math teachers (in 1981) fall into that category. The problem is nationwide, only
four state supervisors reporting an adequate supply of science teachers. The
shortage of qualified science teachers may be worse in middle schools for which
elementary certification is adequate in some states. Middle school teachers must
also be skilled in nurturing the cognitive development of adolescents.

Thus the science curriculum already in place is being taught ineffectively
in many cases because of the shortage of qualified teachers. The recommended
increase in years of science courses for the whole population clearly exacerbates
this situation. At the secondary level it implies a two-fold increase in science
teachers. Further, it was recommended that there be a substantial number of
science specialists at the elementary level to support the generalist teacher and
also to teach classes in grades 4-6 (see Appendix L). In addition, many of the
teachers already in the system will have to learn about the content and classroom
methods appropriate to applications-oriented, problem-solving courses agvo-
cated by the conference. This clearly indicates that priority must be given to the
recruitment, education and retention of science teachers.

To overcome the growing crisis in science teacher supply and qualifica-
tion, the conference recommended a variety of forceful actions (see Appendices
L and M). The first is the immediate availability of a large number of oppor-
tunities for in-service education. Qualified science teachers need courses which
will update them in the use and effectiveness of the available curricula of the
type recommended. The underquahﬁed teacher needs such preparation and in
addition needs courses in contemporary science and-technology. Almost all
teachers need to learn methods appropriate to teaching action-oriented and
problem-solving material. Courses on the use of computers in science education
are also important. In. particular, the conferees recommended that teacher -
- institutes be offered, structured to meet the above criteria, as soon as possitle.
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Ongoing support should also be provided to teachers of seieﬁee Varlous

forms of support are described in Appendix N. Regional science teaching
centers and hot lines to college scientists (see Appendix M) will help as well as
more science specialists at district and state levels. The support of the school
principal is very important. He or she must be well informed of the needs of a
science and technology education program.

Pre-service education is the key to the supply of teachers for the full
curriculum described. Immediate attention is needed to the redesign of college
instruction to train teachers in the méthods as well as the content of the type of
science instruction advocated. It was felt that not only the college course content
but also the form of instruction must better match the application and investiga-
tion-oriented approach the prospective teachers are expected to use in the
schools. The close cooperation of science departments with schools of educa-
tion is needed to provide education students with appropriate science courses.

In addressing the need to attact and retain more competent people in
science teaching, the conferees agreed that increasing salaries needs considera-.
tion. Differential salaries for science and mathematics te.chers pose problems
of equity and can run counter to present union prmmples such as semority The

severity of these problems, however, may be obviated by relating extra pay to

extratraining, participation in curriculum development, maintenance of science
equipment, the supervision of students in science fairs, and similar duties.
Several states are now experimenting with some form of differential pay and the
conference encouraged expansion of such programs to other states in this critical
situation. It was felt, however, that pay is not the only incentive. The program
advocated will increase professional satisfaction through the increased impor-
tance of science teaching, its larger role in the schools, more student involve-
ment and interest, and teacher participation in curriculum development. -

Support for Improvement

_ Given the difficulty of accomplishing the changes the conference recom-

mended, the support structures needed to make it possible must be considered.
More financial support for science and technology education will be needed at
local, state and national levels. At the local level support for more, better paid
science teachers and specialists is needed, for new equipment and new curricu-
lar materials, and for teacher preparation in the new curricula. The states can
also support the improvement of college courses for teachers, regional science
centers for teacher training and curriculum development. At the federal level the
funding of teacher training institutes and developmental projects in curriculum,
learning research and in effective dissemination approaches is desperately
needed to revive the science education enterprise.

The mathematics, science and technology education programs of the
National Science Foundation from the late 50 to the early 70’s met the first
challenge of this technological age. Inretrospect we see that it met it effectively,
producing important improvements in our science education. Some of the
promising work being done in the mid 70’s was left hanging in mid-air, with
development incomplete or without an adequate dissemination. Some of thése
materials fit well with the requirements of the proposed curriculum and could be
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utilized quickly. The conference recommended that most of the funds now in the
fiscal ‘83 National Science Foundation education budget be used for teacher
training institutes designed to meet the criteria discussed above, and that much
of the rest be used to complete and disseminate the best of the curricula
developed earlier. «

The National Science Foundation structure provides a unique and valuable
interaction between scientists and science educators. In the past this was very
fruitful in producing high level, relevant and scientifically accurate science and
mathematics curricula. It is urged that this powerful synergy and the expertise
previously assembled by the National Science Foundation Education Directo-
rate be utilized again. Other federal agencies which support the general educa-
tion enterprise must also emphasize the needs of youth and our society for better
educatlon in science and technology.

The program for change that has been presented is a complex and massive
one and will require much planning and monitoring. The formation of a Joint
Council of Science and Technology Education was proposed for this purpose.
This council could bring together representatives of industry, education and
science to plan the use of financial and human resources. In addition to and as a
part of its policy formation activities, it was recommended that it create and
operate a National Center for Science Education. I such a center resources and
talent can be brought together to plan and stimulate the necessary research on
science teaching and leaming; and based on a synthesis of the results, develop
and test curricular materials and foster improved programs of teacher training. It
may operate a laboratory school and/or work with nearby schools (see Appen-
dix N). It can serve as a model for regional centers throughout the nation.

Finally, the conference believed strongly that improvement of education,
all education, should be a long term national priority. Although it is hoped that
substantial improvement can be made in 5-15 years, this does not imply that
national attention and support can be decreased drastically after that time. That
was a mistake of the post-Sputnik era which can be repeated only at our peril as a
leading and prosperous nation. Not only do education tesearch, development
and classroom trials take several cycles of work to produce a nearmaximum
result, but changing social and technological circumstances will require con-
tinual adaption. There should be a continuing resolve to provide substantial and
permanent support for that great individual and nationai resource, education.

IV. RECOMMENDATIONS

In the preceding section the conference’s recommendations have been presented
in the context of its view of the situation and its rationale for improvement. The
- reports of the conference working groups in Appendices A-O contain more-
detailed discussions of aspects of the problem, more specifics of the rec-
ommendations and many explanatory examples and comments. The’groups met
separately during the conference. Consequently their reports may conflict with
each other in minor detail, and they contain a few recommendations which the
conference as a whole did not have time to consider. In this section the main
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conclusmns and recommendations of the conference are concisely listed for the
convenience of the reader.

The Task

® Education in science and technology is of great importance to every
individual who must cope with our technologlcal world and take part in
our democratic process. -

® Education in science and fechnology is necessary to produce the
scientists and engineers needed.

® Science and technology education is a “basic” for the modern world.
® There is an urgent need to extend and Limprove science and technology
education in grades K to 12.
The Proposed Curriculum
® Science and technology education daily in every precollege year.

® Emphasis in grades K-6 on phenomena in the natural environment,
collecting and processing data, a balanced physical and biological
science program :

® Emphasis in grades 7-8 on biological, chemical and physical aspects
related to the personal needs of adolescents and to development of
quantitative analysis skills.

® Emphasis in grades 9-11 on the application of science and technology to
the improvement of the community, local and national. ‘

® Options in grades 11-12 for discipline-oriented career preparation
courses, preferably with several disciplines taken each year rather than
one science subject each year. - -

® Grades K-11 program be an integration of science and technology and
practical mathematics.

® Introduction of concepts of technology, such as feedback, alongside
concepts of science.

® Curriculum be organized around problem-solving skills, real-life is-
sues, and personal and community decision making. ©

® Research in teaching and leamning be applied to identify desirable
characteristics of curricular materials and teaching methods.

® Coverage of what is basic in contemporary science and engineering
concepts and methods.

® Provision for interaction with the community and with informal educa-
tion centers.

® Implementation of the above curriculum in stages as new material and
qualified teachers become available.

Use of Technological Tools

® Television, computers and similar technology be used to extend, not
replace, real experiences. :
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® Television productions be provided that stimulate thinking and doing;
and present phenomena not easily accessed in the school environment.

® Use of calculators and computers to process large amounts of data.
® Use of computers to model realistic situations.

® Development of logical procedures through programming structures.
® Development of computer software specific to curricular needs.

Measuring Achievement

® Formulation of standards for achievement in basic problem-solving
skills and in science content.

@ Evaluation of achievement by testing process skills and integrated
knowledge as well as facts and concepts.

Teacher Recruitment and Education
® Science teachers be qualified as well as certified.

@ Rapid design and implementation of teacher institutes and in-service
courses to update and qualify teachers, with special emphasis on
methods of teaching integrated science and technology and problem
solving to the various age groups.

® Teacher institutes on content be started now for the presently un-
qualified science teacher.

° Development and implementation of pre-service courses which focus
on instructional methods relevant for the prescribed curriculum and on
basic science content.

© Modeling in college education courses the teaching techniques ex-
pected to be used in the precollege classrooms. This requires close
collaboration of science and education departments. :

" @ Middle school science teachers should be required to have specialist
qualification.

® Preparation of elementary school specialist teachers in science for -
grades 4-6, and informing principals of the needs of a science and
technology program.

® Encouragement of research on the ttainiqg of teachers.

® nivolvement of teachers in curriculum development locally, regionally
and nationally.

® Consideration of differential pay for science teachers to attract scien-
tifically and technically trained individuals to teaching.

® Differential pay be based on special training and special duties required
for science teaching.
Support Structure for Science and Technology Education

® Increased financial and planning support from industrial, local state
and federal sources.
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® A systems-oriented approach for overcoming the many obstacles to
1mproved science and technology education. :

© A leading role taken again by the National Science Foundatior in
science education improvement, building on the important connection
it provides between the scientific and education communities and on its
previous successful experience in education.

® Early allocation of funds in the National Science Foundation budget for
education to appropriately designed teacher institutes and for complet-
ing, testing and implementing the best of its curricula that have been
incompletely developed or implemented.

® Preparation and deployment of science specialist teachers to support the
~curriculum and classroom work of science teachers, to respond quickly
to teacher needs for information, equipment, field trips, etc.

® Opening of regional science education centers for curriculum planning,
development and dissemination, for teacher awareness and training, for
evaluation and research, and for contact with the community through
activities such as exhibitions and forums.

® Organization of a Joint Council on Science and Technology Education
to recommend policy and monitor progress.

® Establishing a national center for science and technology educanon '
under the Joint Council which would bring together the best talent for
varying periods of time to collect and analyze data on all aspects of the
field, to conduct central research on science cognitive processes and
learning, curriculum development and teacher tralmng It would have
facilities for a science and technology museum, exhibitions, con- -
ferences and workshops. A laboratory school and/or collaboration with
neighboring schools would enhance its development and testmg of
curriculum.

® National recognition that science and technology education is a long~
term enterprise of great importance, requmng continuing support as
well as urgent current action.
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APPENDIX A

REPORT OF THE WORKING
GROUP ON ELEMENTARY
SCHOOL SCIENCE

Education in science is a basic in American ele-
mentary schools today. As science is the basic skill
needed by students to explore and experience the
natural and technelogical world, science education
must start early and continue through a student’s
formal and informal education.

Tremendous strides have been made in cle-
mentary school science (K-8) teaching in the last
two dccades. Elemcntary school teachers recog-
nize that to tcach elementary school science effec-
tively, there is a need for support, time and re-
sources. Thus, the elementary group has de-
veloped a series of ‘*absolutes’ to meet the above
needs. We believe these absolutes are the condi-
tions necessary to bring about restoration and/or
continued improvement in elementary science éd-
ucation through improved systems and teacher
training to enhance the acquisition of basic skills
by students. :

Support Systems

1. Elementary teachers neced TIME to teach sci-
ence, to continue their education in sciencc,
and to prepare science lessons. A typical
*“‘elcmentary school day’’ should include sci-
ence instruction based on a planned, stated
program of studies.

2. Science does not exist outside of personal,
societal and. carcer goals and must be a part

of decision-making processes at all of these .

levels.

3. Schools must involve adults, the community
and the society in order for elementary
school science teaching to be successful.

4. Elementary school principals need to be
trained in the specific uses of support struc-
tures for the efficient use of tifne, the effec-
tive use of resources, and a conscious phi-
losophy of teaching.

5. There must be support structures and person-
nel to assist teachers in teaching elementary
science. All schools must provide specialists
to assist teachers in the effective teaching of
science, materials (of all kinds) essential for
scicnee teaching and support for preparing
and using the matcrials.

Teacher Preparation

1. Forelementary school science, there must be
qualificd, competent teachers who feel con-
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fident and therefore comfortable with
science.

2. Teachers of science must have a sense of
curiosity and a desire to continue learning.
Teachers need to be learners.

3. There must be formal and informal ongoing
staff development in science for elementary
teachers.

4. Preparation for elementary school scicnce
requires more than science courses. It re-
quires training in the methods for teaching
science in the elementary school and in what
isrlcnown about how. children learn.

5. As emergency and ongoing funds become
available for teacher training, a part of these
funds should be explicitly set aside for ele-
mentary teacher education in science.

Teaching Basic ‘Skills
1. Formal, systematic interaction with and
observation of the real world are essential
in elementary education. Elementary
school science should provide much of
this experience.
2. Basic skills in sciencc include:

© Recognizing problem situations

© Developing procedures for addressing
the problem

© Recognizing and evaluating solutions .
to problems

@ Applying solutions

3. Schools must have standards for measuring
the acauisition of basic skills in science,
and teachers and students must be evaluated
against these standards.

4. Evaluation of students must reflect a change
from the learning of purc content to the
acquisition of basic skills'in science (con-
cept skills). ‘

5. A goodelementary sciencc program should

be a planned set of experiences representing

a balance among' the disciplines, a daily

- lesson, and (frequently) involvement in
hands-on experiences.

6. The natural environment of the scliool cam-
pus should be used frequently as a laborato-
ry sctting. The use of local natural resources
and educational resources (museums, ac-
quaria, etc.) should be encouraged.

7. . Students should be taught basic skills and
how to apply them to both science inves-
tigations and other elementary study areas.
Emphasis on collecting and processing data
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should allow the use of integrated skills,
with objectives becoming more sophisti-
cated at succeeding grade levels.

8. Teachers should be encouraged to capitalize
on the high student interest in science ideas
and materials by using science as the vehi-
cle for teaching reading, language arts,
communication skills and mathematics.

9. The use of adults in the school and com-
munity as resources can enrich the program
and the people themselves can be enriched
and informed through their involvement
with a program that reflects current science-
related issues.

10. The quality of instruction depends largely
on the school climate established by the

’

building administrator and on the recogni-
tion of the teacher that teaching and leam-
ing science is important and can be interest-
ing and satisfying.

11. Curriculum content should be based on
whatis known on children’s interest, cogni-_
tive skills, etc. As the children learn to
read, use research skills, etc., the curricu-
lum content and the skills used should be-
come more sophisticated.

12. Testing should measure the skills and/or
content that is being taught. For example, if
the lesson or lessons focus on the skill of
classifying, then test items should evaluate
the child’s ability to classify.

APPENDIX B

REPORT OF THE WORKING

GROUP ON MIDDLE SCHOOL
(JUNIOR HIGH) GRADES 6-8

Status

Middle school teachers and students often feel.an
identity problem. Teachers must fluctuate between
a nurturing elementary teacher and a content
focusing high school instructor. State certification
requirements across the nation reflect this problem
with some states requiring an elementary certifi-
cate while others require asecondary certificate for
this level. Middle schools frequently absorb teach-
ers displaced because of declining enrollments.
These people are often untrained to work effec-
tively with young adolescents or in the content
arcas which they arc asked to teach.

The student population manifests a wide
range of maturity and developmental levels both
physically and cognitively. It is not uncommon to
find students functioning at the concrete, transi-

‘tional or formal operational level in the same class-

room. It should also be noted that the developmen-
tal level at which a particular student operates may
vary depending on the assigned task. Personal
awareness and questions about their surroundings
often dominate students’ thoughts and. energies
during these years.

Curriculum Recommendations

The middle school experience should enhance and

further develop the basic skills of science intro-
duced at the elementary school level. Academic
growth and challe::ge should be developed through

[
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the exploration and application of scientific -
concepts. ' i

A. Concrete experiences should be used to
build on and further develop the basic
skills of science introducéd in‘the ele-
mentary grades.

B. Though the emphasis of the program/
should“focus on concrete experiences,
problem solving and logical reasoning
experiences should be interwoven so that
students can ask questions, manipulate
variables, make generalizations and de-
velop concepts. .

C. The program should be exploratory in
nature; an integrated or unified approach
which covers carth, physical, life and
health sciences during the year.

_ D. The program should interact with other

' disciplines. (Acid rain or nuclear
power—science and social studies; data
collecting or graphing—science and
math.)

> E.- Career education in the areas of science
and technology should be brought forth
where appropriate.

F. Materials and topics should be de-
veloped in a differentiated manner in
order to provide for the various ability
levels within the grade.

Q

The program should reflect decision
making, so that students can evaluate



personal and societal implications in re-
gard to sciencc and technology.

H. The use of new technology (microcom-
puters/calculators/cable television)
should be integrated in the program so
that students can expericnce their useful-
ness and evaluate the potential of these
tools.

1.  Use of local resources (museums, scien-
tists, specialists) should be encouraged
in order to extend the learning experi-
ence beyond the school walls and hours.

Professional Recommendations

A. ‘Teachers must be certified in the areas of -
science for this level.

B. Opportunities are necessary for formal
and informal ongoing staff develop-
menv'training in the areas of science cur-
riculum, adolescent behavior, classroom
management and new technologics.

C. Support structures to assist teachers with
state of the arti{ideas, resources or
material. '

APPENDIX C

REPORT OF THE WORKING
GROUP ON BIOLOGY
EDUCATION

Current school offerings in the
biological sciences

Biology topics are part of the elementary
school science curriculum from kindergartcn
through grade six. In the middle/junior high
schools (grades 6, 7, 8 or 7, 8, 9) biology may be
concentrated in a one-year life science course, or
be included as a part of general science in a three-
year program. In the senior high school, biology is
a year-long course typically taught in grade 10, and
enrolls approximately 75 percent of all students.
Advanced biology is taught in many schools in
grades 11 or 12. The course may be general biology
of the advanced-placement type, or more spe-
cialized courses in anatomy and physiology, ma-
rine biology, ecology or environmental science.

The present condition of biology
education

Since biology is a part of elementary scicnce
it suffers the same neglect as all science in elemen-
tary schools. However, elementary school teachers
are more likely to stress biology than the physical
sciences whenever science is taught. *The teaching
emphasis at all grade levels is largely upon learning
the names of plants and animals, their structural
parts and the function of cach. The student com-
plaint is that *‘there arc too many names and terms
to leam.”” Certified.teachers of biology are not in
short supply. The teacher problems are those of
missassignment within the schools, tenure and hir-

_ ing practices, and the educational qualifications of
* teachers. Results from the national asscssments of
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science and standard tests indicate little decline in
student knowledge of biology over the past dozen”
years. The primary need for the revitalization of
biology education is perceived to be a conceptual
framework that is more in harmony with under
standing oneself and which is supportive of the

“national and global welfare.

Recommendations to the NSB
Commission

The biology group recommends that the edu-
cational context of the biological sciences be more,
sharply focused at different schooling levels. The -
curriculum in grades K-6 should cmphasize a study
of nature (plants, animals, humans—characteris-
tics and diversity in the local environment) and
biological phenomena (growth, reproduction,
adaption, behavior, and other topics). In the life
sciences of the middle/junior high school grades,
the emphasis should be upon understanding

. oneself as a human being. This will require a

broadening of the present subject matter to include
concepts from anthropology, behavioral sciences,
cultural geography, human physiology, and other
human sciences. General biology in the high

‘school {grade 10) should emphasize biological

knowledge in a social/ecological context. The
focus should be on biological concepts as they"
relate to human 'well-being and the common good.
The advanced or second level course in high schaol

- biology should be taught in the context of a disci-

pline emphasizing its structure, its modes of in-
quiry, its theoretical underpinnings, and its carcer
opportunities. h

All students would be expected to enroll in the
biological offerings in the clementary and middle/
junior high schools and in the general biology
course of the senior high school. These courses
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should be rcgarded as a part of essential learning
for responsible citizenship. The second-level biol-
ogy courses of the senior high school would be

" elective. These courses should be designed pri-

marily for students who wish to test a career inter-
est in the biological sciences, or qualify for ad-
vanced placement in college.

A substantial fraction of the course work in
the middle/junior high school life science course
and in the general biology (I0th grade) course
should be organized in terms of biologically based
personal or social problems and issues such as
health, nutrition, environmental management, and
human adaptation. Whatever the problem or issue
that is studied, students would be expected to deal
with the situation by utiliziug valid scientific infor-
mation. The resolution of problems and issues in a
biosocial context usually involves value or ethical
considerations; these are not to be ignored in the
teaching of biolozy. )

At all grade levels there should be an emphasis
upon biological ways of thought. Students would
‘be expected to acquire skills in making careful
observations, collecting and analyzing data, think-
ing logically and critically, and making quantita-
tive and qualitative interpretations. Quantitative
procedures would be those characteristic of the
experimental or empirical sciences: Qualitative
procedures include decision making in real-life

situations and emphasize holistic or systemic pat-

terns of thinking with considerations of probability
and values or ethics. The two patterns of thinking
may be identified as 1) procedures associated with

the acqu’sition of reliable knowledze—biological
inquiry, and 2) procedures associated with the uti-
lization of knowledge in ‘personal and social con-
texts—decision ‘making.

Equally important throughout schooling is
the need for students to identify sources of reliable
information in biology that they may tap long after
formal education has ended. First steps in this
direction can come by making use of museums,
parks, zoos, television programs, qualified people
in business and industry, public library assign-
ments, and from other informal sources of infor-
mation in the teaching of biology:

Students will need an understanding of basic
biological concepts and principles if they are to
make responsible use of what they are learning.
These concepts and principles should be acquired
in terms of the human organism with extensions to
other forms of life. Among the basic concepts in
the biological sciences that have personal and so-
cietal dimensions are: genetics, nutrition, evolu-
tion, behavior, reproduction, structure/funct:on.
disease, diversity, integration of life systems, life
cycles, and energetics. The student should also
acquire an understanding of how bioengineering
and biotechnology are used to modify or sustain
natural systems in organisms.

Special efforts should be made in the teaching .
of biological sciences at all grade levels to develop
bridges or connections between biology and other
school subjects such as mathematics, social studies

and the physical sciences.

APPENDIX D

!

REPORT OF THE WORKING
GROUP ON CHEMISTRY
EDUCATION -

Two general types of precollege chemistry instruc-
tion must be considered: (1) chemistry appropriate
for all students, and (2) additional chemistry suit-
able for those intending study in areas requiring
advanced preparation in this subject. All students,
regardless of career goals, could follow a common
chemistry syllabus (integrated or associated with
other science arcas), at least up to tenth grade.
From this point we would recommend exploration
of a two-track option-—additional studies in chem-
istry for the general student (possibly integrated
with physics), and more specialized chemistry
study for those intending further work in this field.
We recommend consideration of the Gardner/
Yager 3-1-1 (or 3-2-2) sequencing of chemistry,
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biology, and physics study at the high school level
for science-oriented students.

At 21l levels, the social and human relevance
of chemistry should be emphasized. Problem-solv-
ing skills and application of scientific processes
should be continually developed. Instruction
should incorporate a proper selection and integra-
tion of topics from both descriptive chemistry and
theoretical chemistry. Implications from recent re-
search in cogaitive psychology should be applied
in establishing suitable criteria for this topxc -sort-

‘ing process.

Chcmlstry study should focus on observauon
and description of the behavior of common sub-
stances with the subsequent rationalization of what
has been observed through development of simple
models. Computer-based modelling of chemicab
systems (such as equilibrium systems, ideal and
non-ideal gas behavior) should be explored, recog--
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nizing that such models should not be regarded as 2
substitute for direct student cxperience.

The number of topics covered in high school
chemistry should be drastically reduced, with at-
tention directed toward integration of remaining
topics in two related ways: (1) integration of facts,
concepts and principles within chemistry, and (2)
integration of students’ chemical knowledge with
other 3ciences and with areas such as mathematics,
technology, and the social sciences. High school
chemistry must satisfy goals related to individual,
societal and career-awareness concerns, rather than
only addressing preparation for advanced study.

Barricrs preventing implementation of new
chemistry-teaching ideas include (1) The inherent
resistance of textbook publishers to innovation or
change; (2) A difference in the level of *‘respec-
tability” associated by teachers with instruction in
theoretically-oriented chemistry (high prestige)
and applied (descriptive) chemistry (lower pres-
tige), (3) The dynamics of the oft-cited principle
that one tends to teach the way one was taught; (4)

The general lack of suitable resource material to
support the infusion of more applied, real-world
examples into current courses.

Dve to the effects of the "*closed cycle™ of
university chemistry instruction necessarily influ-
encing the nature of precollege chemistry teaching,
a comprehensive ‘“‘systems” analysis and attack
must be made in addressing the problem of high
school (and pre-high' school) chemistry teaching.
The cycling time may be as much as 16 years.
Thus, relatively long-term solutions must ul-
timately be sought. ~

This report at least partially reflects recent -
efforts within the American Chemical Society

"(ACS) and the National Science Teachers Associa-

tion (NSTA) concerning precollege chemistry
teaching. This work includes many activities with:_
in ACS already reported to the Commission on
Precollege Education (January 1983 mceting), de-
liberations currently in progress by the ACS Chem-
ical Education Task Force, and NSTA’s Report on
the Desired State of High School Chemistry
(1982). : :

APPENDIX E

REPORT OF THE WORKING
GROUP ON PHYSICS
EDUCATION

I. Why Should Precollege Students ",
Study Physics?

An understanding of the basic principles of
physics is a hecessary foundation for most of the
other sciences and for-an understanding of many
technological applications of science. Both the
theoretical (testing hypotheses, deduction from
observation, etc.) and the experimental tech-
niques (measurement, error analysis, etc.) of
physiss have general application in.science and
technology. Even for those students who do not
£0 on to major in science or engineering, phys-
ics provides imnortant examples of how the
physical world works and the kind of answers
scientists can (and cannot) give to the important
questions of life.

“The basic coverage for a precollege student
should include the traditional subject matter of
physics: mechanics (especially force, motion,
work, power, energy and the First Law of Ther-
modynamics), heat (including some Kinetics of
gases and the Second Law), electricity, magne-
tism, light and other electromagnetic radiation,
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atomic and nuclear structure and reactions. Pre-
college physics should be taught 50 as to demon-
strate the general principles of sceking and
knowing in science. The relevance of the under-
standing which physics provides to present and
future problems and opportunities of our civi-
lization should be constantly demonstrated and
emphasized.

II. Use of Computers in the
Physics Class '

We welcome the use of computers in the
physics classroom and laboratory if they are (1)
used to increase the sophistication and satisfac-
tion of problem solving; (2) taken advantage of
in the laboratory for real time data collection,
display, analysis, and storage; and/or (3) used to
simulate real world situations that cannot easily
be observed through direct demonstrations, lab-
oratory experiments or field trips.

We are not excited about the use of compu-
ters as an expensive set of '‘flash cards” and
believe that the replacement of direct labs or
demonstration experiences by computer simula-
tions is inconsistent with the evidence on how
people lecarn from concrete real world
experiences.
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II1. Structure of High School
Physics Course

We recommend that physics. chemistry.

and biology each be taught over a three year -

period. A possible scheme would be the follow-
ing. which gives number of class periods/week.

' biology chemistry physics
10th grade -3 2 2
Hth grade 2 3 2
12th grade 2 2 3

Such a scheme would allow students (1) to
develop their understanding of science over a
longer period of time; (2) to provide oppor-
tunities for integrating the three sciences; and
(3) to allow for a spiral approach to some of the
more complex topics.

APk, 2 F

REPORT OF THE WORKING
GROUP ON ENGINEERING
(TECHNOLOGY) EDUCATION

WHAT WE ALWAYS WANTED
TO DO ’

Get the general bublic to make ipfénned deci-

sions in technology area.

Develop confidence in the use of technological
systems (that technology can be a friendly as-

pect of life). -

Preparc people for careers in technological

industry.

Provide career information..

Provide a basis for personal decisions.
To help pcople overcome fear of change.

WHAT HAS CHANGED WHICH

WILL HELP ACCOMPLISH
THESE GOALS?
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Technology which enables us to look at real
problems using calculators and computers to do”
the *dirty math” enables us to usc real data

rather than canned problems).

Attitudes—specifically increased awareness of
the environment.

Knowledge of how people learn.

Ut

i

WHAT ARE SOME. THINGS WE
HAD NOT EVEN DRREAMT OF
DOING?

Introduce technology concepts into other areas:
Trade-off, Feedback’, Stability, Decision-
making

Look at long term consequences of technologx-

cal innovations.

WHAT IS IN THE WAY OF
DOING WHAT WE WANT?

Reluctance to change.
Teacher perception of what is important.
Teacher shortage which results in additional
numbers of teachers unprepared in the technol- -
ogy area.
Textbook publishers who need to ‘play it safe.”
Teachers who teach the teachers.
Lack of understanding.

- Standardized tests.

WHAT SHOULD WE TRY TO
DO"

. Gather d@nd produce illustrative exallﬁples
of ways to use the enginecring concepts _
sech as trade-off, feedback, and stability
to help the public make informed deci-
sions and prepare students for technol-
ogy-based courses. ¢
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2. Encourage textbook publishers to in-
clude technology material in their texts in
all areas of science and mathematics.

3. Encourage the development and use of
special publications such as auto safety,
fiber optics in communication, the con-
nection between space exploration and
the heart pacemaker.

4. Using knowledge gained from current
publications of new technological de-
velopments, individual teachers and
school systems should be encouraged to
develop their own curriculum materials
to fit the teaching of the new develop-
ments into their courses where
appropriate.

5. A serious attempt should be made to in-
troduce complete courses on science and
technology into the school program for
all students at the secondary level (speci-
fically gradc nine). These courses should
not be limited to eitherthe fast learners or
the slow learners but should be directed
at all citizens of a technologically-ori-
ented society as part of the “‘basics.”

6. Encourage discussion of the question of
what should go out of the curriculum as
more technology comes in, or if it is
possible, to include technology material
so that it so cmphasnzcs the teaching of
the existing course material so that little
of what is existing neceds to. be
climinated.

7..More information regarding content of
science-technology courses and potential

carcers in-technology should be made
available to school counsclors through
workshops. This will help them to guide
students more cffectively into appropri-
ate courses and careers. | -

8. State education departments should be
make a special effort to assure teachers
.hat the inclusion of technological mate-
rial in curriculum is not only acceptable
but is actually desirable at all levels.

9. The developers and publishers of stan-
dardized tests should be encouraged to
include technology orierited questiows in
specific discipline tests. For example, on
a recent National Assessment test it was
found that only 12 percent of the seven-
teen-year-olds knew that plastics come
from petroleum and only 3 percent were
aware that the U.S. mortality rate is
worse than that of most western Euro-
pean countries.

10. No major developments of science-tech-
nology courses should be planned or
funded without substantial planning and
funding for broad-scale dissemination
and implementation of these materials.

11. Since curricula, attitudes and points of
view presented at the secondary school
level tend to-reflect the disciplines as
modecled in the universities, and science
teachers tend to teach as they were
taught, it is important that new courses
on technology be developed at the post-
secondary level.

APPENDIX G

REPORT OF THE WORKING
GROUP IN INFORMAL
EDUCATION

All individuals can express or develop their inter-
ests in science, mathematics and technology
through informal education experiences. Science
centers, local scientific societies, industries, com-
munity groups, etc. can offer a wide variety of one
time and ongoing experiences to extend the role of

the school. The unique difference is that the indi-

viduals decide what they want to learn, when they
want to learn it and to what levels of sophxsucauon
they want to learn it.

The goal is to develop intelligent *‘consum-
ers” of science and technology. Individuals, who
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when faced with decisions as voters, value evi-

_ dence over emotional appeals to help them reach

decisions. They  make decisions regarding their
own health and life-style based on evidence and
rcasonable personal preferences, after taking into
considerdtion short- and long-term risks and bene- -
fits of different decisions. This is contrasted to the
individual who is *‘guided”’ only by advertising in
health and life-style decision making. The goal is
to provide information and experience of interest to
individuals. This helps them see the value of evi-
dence-based decision making as an effective ap-
proach to selecting from the many choices people
have to make in regard to themselves and as in-
volved members of socicty.

Organized centers for informal education.in . -

science, mathematics and technology such as sci-
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ence and technology centers where available can
also serve a varicety of additional functions such as
the following:

1. Provide opportunities for carcer awarcness
and carcer exploration for young people
through fairs, exposition career days, etc.

2. Provide major exhibitions, lectures and other
presentations in science for the public so as
to better inform the public and help them to
develop a greater understanding and aware-
ness of science and technology and its role in
our society.

3. Takealeadership role in locally based teach-
er training and curriculum development uti-
lizing their trained staffs as part of the neces-
sary instructional and curriculum develop-
ment leadership teams. o

Needs_of Superior Students:

One of the more serious problems in educa-

tion in science, technology, and mathematics is to.
provide greater opportunities for the gifted, tal- *,

cnted or otherwise superior student. These stu-

dents may, in a short-time, go beyond what their
school and teachers can provide—apart from the
teachers support and cxpression of interest.

Opportunities for such students are currently
available in museums, science and technology cen-
ters, zoological parks, botanical gardens and a
variety of similar situations. Additional personal
and specialized in-depth experiences could be
provided for such students by a wide variety of
community and industrial organizations and
groups. Forexample, the local Audubon Society or
natural history museum could be encouraged to
invalve such students in their ongoing programs.
Local industries could provide summer or school
year research oricntation and participation experi-
ences. Mechanisms could be developed for help-
ing parents to encourage youngsters with talents in
these fields and special equipment such as compu-
ters could be mac~ - sailable to those who would
not be likely to h..c them at home.

EApa/rt from the actual experiences, the posi-
tive effect brought about by the student sharing his

_ or her interests with concerned adults .could be of
enor}notns bencfit in encouraging the individual.

APPENDIX H -

o

REPORT OF THE WORKING
GROUP ON K-12 CURRICULUM
FOR SCIENCE EDUCATION

The group emphasized two of the Commission’s
goal areas: science literacy and science manpowe

Relationships among these goals anq the general
outlines of a K-12 curriculum to meet the gpals

- were addressed.

Any consideration of K-12 curriculum must be
driven by an understanding of the delnand put on
education in a democracy that is part of a gomplex
technological world. There is demang for scientific
skills, attitudes, and knowledge. tech-

nologically-oriented, democratic sociefy cannot

exist with large sections of its populatiop ignorant

of science and technology. Attitudes, skills, rea-
soning abilities and :knowledge from stience are
prerequisite to a sense of control over hu‘ an desti-
ny on the part of the populace. Full science literacy
involves the following four components;

. ) |
—Ways of knowing: What do [ know? What is
the evidence? ' Vo

4
—Actions/Applications: What do 1 infer?
What are the options? Do 1 know how to

take action?

~/—Consequences: Do I know what would
happen?
/ —Values: Dol care? Dol value the outcome?
g Who does care?

The group agrees that science literacy is es-
sential for all students. Science manpower require-
ments must be built upon a foundation of science
literacy. .

Even for students who take all available sci-
ence courses, many existing K-12 science instruc-
tion programs are not adequate to produce science
literacy. For the majority who take very little sci-
ence, the situation is truly a national crisis. - .

The following is-an illustrative K-12 se-
quence. While this is by no means the only way to
achieve the goals of developing science literacy
and science manpower, it serves to illustrate the
nature and magnitude of the changes the group
believes are needed. .

K-6. An integrated, hands-on approach is
necded, which focuses on the relationships be-
tween humans and the total environment. Problem-
solving must be emphasized, including acquisition
and analysis of data.

Grades 7-8. In grades 7-8, two primary em-
phases should be made. First, on human science,

45 SN \ : :
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including human biology and personal health. Scc-
ond, attention should be paid to development of
quantitative skills in science. Computer-based cx-
pericnces should be used appropriately to assist in
development of quantitative skills that will be
needed for more complex, applicd problem-solv-
ing in grades 9-10. Skill in quantitative analysis of
data, application of probability and estimating
skills are examples. _
Grades 9-10. A two-year sequence, required
for ALL students, would address Science, Tech-
nology and Society. This course emphasizes prob-
lem-solving and scientific reasoning as applied to
rcal-world problems. It integrates knowledge and
methods from physics, biology, carth science, and
chemistry as well as applied mathematics. Exam-
ples-of the kinds of phenomena and science ad-
dressed arc included in the report from the tcchnol»
ogy subgroup. ‘
Rationale for placement of this sequence at
the 9-10 grade level is that the students need to have
acquired certain developmental rmath and problem-
solving skills which are prerequisite to the complex
kinds of problem-solving tasks required in this:

1

course. This is a much higher level kind of course. -
than is generally recognized as a *‘general sci--

ence’’ course for non-science students.

4

Grades 11-12. One and two semester courses
in physics, biclogy, chemistry and earth sciences
are provided at this leve! for students who wish to
go onto further academic study in science-related
carcers. Thesc are not Advanced Placement
courses and are not meant to replicate college-level
courses. These courses do build upon and assume
as prerequisites the skills and knowledge in the
various science disciplines that students will ac-
quire in the Science, Technology and Socncty
course in grades 9-10.

Long Range vs. Short Range. The implica-
tions for implementation of a plan such as the one
outlined above are major. Science teaching staff
would double from the cxisting staff. Extensive

~ curriculum development and teacher training is.

required. Full implementation nationwide would
probably take about 15 years. However, phascs of
implementation are possible. Initially, the Science,
Technology and Socicty course would be only one
year on a required basis for all students. The sec-
ond year would be optional or elective while fur-
ther materials, curricula and staff arc being
developed.

APPENDIX I

REPORT OF THE WORKING
GROUP ON INTEGRATING
MATH, SCIENCE,
TECHNOLOGY

1. When possible, scicnce-technology situa-
tions should be used to introduce mathema-
tics topics at all gradc levels.

2. Mathematics courses in grades 7, 8 and 9
should introduce/ (if it hasn’t been done pre-
viously) and stress probability, proportional.
reasoning and intelligent estimating.
Example:

Is your ten speed bikz really 10 speeds?
Requires—ratios of tecth on gears.

Speed ratio is verse to force ratio.
Distance traveled by foot requires measure-
ments which have limits of accuracy and

therefore can be used to introduce concept of |

significant figures when calculations on the
calculator give the ratio in 10 *'significant”
figures.
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3. An integrated science-technology course
should be the basic science course at grade
nine, '
Examples:

The use of technological systems for carth-
quake prediction should be part of the earth
science component of grade 9 science.
The operation of the clock thermostat should
be used to introduce feedback and coatrol
and its value in encrgy conservation.

Smoke Detector

The examination of the ionization smoke de-
tector for radioactivity and the measurement
of that radio-activity at various distances
fromthe source followed by the graphing of
the data will help to devélop the relationship
of intensity of radiation with distance. Com-
parison of the radiation received 30 inches
fromthe smoke detector by standing underit
for 8 hours/day, 365 days per year and that
received by a person during one dental x-ray
is interesting. Deciding the relative value of
knowing that you have a decayed tooth com-
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pared to saving your life in case of a home
fire is a useful outcome of such.

Acid Rain

If we look at the effect of acid rain on build-
ings and monuraents we learn that while cal-
cium carbonate (marble) is essentially insol-
uable in water, calcium sulfate and calcium
nitrate are very soluble. In the examination
of Tables of Solubility we learn that barium
sulfate and barium nitrate are not nearly as
soluble. If we could replace the calcium ions
on the surface of marble with barium the new
marbie will withstand the ravages of acid rain
while developing systems for eliminating
acid rain. A laboratory activity capable of
being done by grade 9 students will demon-
strate that this is possible.

Measurement of the deterioration of grav-
estones in V. A. cemeteries will also give us
data on how the rate of decay has increased
over the past 200 years compared to previous
periods of time.

“There is an aparent need in technology edu-
cation for a leadership and coordination
function at the national level. The activities
recommended earlier are likely to have little
impact unless they fit logically into a coordi-

nated group effort of those supporting tech-
nology education: We recommend the for-
mation of a national center for leadership in
technology/society education. Such a center
would probzbly need to be supported for a
number of years and.would serve as a con-
tinuing stimulus for coordinated activity. It
should serve as a clearinghouse for strat-
egies, information, and ideas, and as a pro-
active coordinator of research, development,
and dissemination activities. One of the first
activities of such a center should be a thor-
ough study of resources available in technol-
ogy/society education. Resources to be
sought and organized would include funding
sources; existing support groups, institu-
tions, agencies, and individuals who support
technology/society education; and materials
and techniques which have been developed
to aid technology/society education. Subse-
quent activities would then be designed to
coordinate these resources into a viable na-
tional effort. We are convinced thzt such an
effort is crucial at this point in cur country's
development.”"!

'From “"What Research Suys to the Science Teacher.” pub-
lished by NSTA.

APPENDIX J

REPORT OF THE WORKING
GROUP ON TECHNOLOGY IN
TEACHING

Science educators are moving rapidly toward the
increased use of technology and a recognition of
new roles for technology in science and science
teaching. Althoug): we examined the potential con-
tributions of several technologies such as compu-
ters, educational/Iastructional television, vid-

a~codiscs, teleconferencing, computer-based con-

. ference, and interactive cable, we chose to discuss
some recommendations and reservaiions regarding
the use of the microcomputer specifically. This can
serve as an exaniple of the promise and problems
associated with the use of such new technologies in
science education.

The revolution in microelectronics and tele-
communications must be used in ways which con-
tribute to the continuing evolution and improve-
ment of science and technology education. A short
burst of enthusiasm, even if well placed, will notbe
of long-term service to students or to this nation.
Within microcomputing itself, it is all too easy to

o g 20

act ax if the equipment and ils casual use represent
the new panacea for science and technology educa-
tion—and then subsequently suffer the disillusion
and depression which necessariiy follow when
such lofty expectations are not met. Thus the fol-
lowing recommendations are accompanied by res-
ervations and cautions nceded in a time of rapidly
changing options in instructional technology.

Computer Applications of
Particular Importance in Science
and Technology Education:

Recomxhendations

1. As a o0l for compdlan'on. have the com-
puter carry out, for example, a statistical -
analysis which is otherwise too time-con-
suming or awkward. But swudents should
understand how such mathematics could
be done manually, i.e., “*‘what’s going on
inside the black box.” On the other hand,
in standard computation such as solving
simultaneous cquations the computer can
be just a “black box.”
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2. As a tool for interfucing with laboratory

equipment. Have the computer assist with
gathering bench data, displaying it on
screen, printer, or plotter, and perhaps ana-
lyzing it. But students still need to get
firsthand éxperience. e.g., calibrate and
test the equipment, or even do the experi-
ment once without automation, followed
by exploration of the variables with further
computer interfacing.

. As atool for processing information. Hav-

ing the computer organize, graph, and
analyze data, or search a database for in-
formation. Still students must have
cnough experience with manipulation of
data by hand to urderstand what is going
on inside the computer.

. As a tool for creating and testing models.

A computer-gencrated model can serve as
an aid to description, concept-clarifica-
tion, and problem solving, even though it
is not a totally faithful representation of
the ‘real’ system being modelled. Striving
for aclose match with reality, in fact, is not

- necessarily appropriate. Too much fidelity

in a simulation detracts from its educa-
tional value and gives a false impression of
the role of simulation. Appropriate ab-
straction in the model calls attention to

important variables and relationships. It’s -

far better to have students examine, crit-
icize, and modify a model than to experi-
ence a simulation and mistake it for a
totally accurate representation of reality.

. As a tool for-describing-processes. pro-

cedures, and algorithms. Developing
computer programs involves basic prob-
lem-solving strategies (understanding and
defining the problem, identifying sub-
problems, seeking solutions, debugging,
etc.). The computer offers anenvironment
where new ways of representing complex
Aeas can be explored. These oppor-
tuyities go far beyond programming lan-
guages such as BASIC, Pascal, and Ada.
Changes (qualitative improvements) in
software and applications packages are
making computer descriptions of phe-
nomena and systems in science and.tech-
nology more accessible to students.

&dditional Considerations and
Reservations in Computer Use

48

1. Computers are important, exciting, and

fun. As a result, there is a current tendency
to ignore other instructional technologies.

" Some may appear too narrow in scope or

too expensive presently (e.g., intelligent
videodisc, computer-based conferencing,

R o
o ;
s

interactive cable), but will be econcmical
within five or ‘ten years. Some tech-
nologies which may no longer appear ‘ex-
citing’ (e.g., vzgco tape and computer-
assisted instruction) can still help supple-
ment instruction in schools where avail-
able teachers lack background in science
and science education.

2. Potential compute;‘- users should be cau-
tioned not to reject the concept of compu-
ter-aided instructior: because of shortcom-
ings in present software and equipment.
The most certain prediction within the
computer field is change, and improve-
ments necessary for success in business
and consumer markets will benefit educa-
tion as well. ;

3. The attitude of science teachers toward
student computer skills should be similar
to current attitudes toward student mathe-
matical skills. We can establish some
broad expectations regarding the compu-
ter skills science students should have, and
then be ready to provide instruction or-
assistance as necessary to support compu- .
ter uses peculiar to science and technology
cducation. Science teachers’ respon-
sibility toward computer education is no
greater (nor less!) than their current re-
sponsibility toward mathematics
education.

4. The problem of access is sufficiently se-
rious that those schools (and homes?)
without computers may need outside as-

.. .. sistance. to. pravide.equal access, I{ may_
become necessary to carry out a Govem-
ment mandate to assure student access 1o
appropriate computing.

5. Appropriate instructional technology"
must be used within preservice and inser-
vice teacher programs to demonstrate its
proper uses as a teaching tool in science
and technology education, and to ‘mini-
mize the possibilities of misuse of the
technology in inappropriate settings.
(Any computer program that can be re-
placed by a teacher probably should.)

Planning and Irﬁplementation

Rational use of the new technologies in teaching
must be based on careful analysis and planning
within three related areas:

People. A national program must include assis-
tance, support, and education for teachers, admin-
istrators, and others making use of new tech-
nologies in teaching and leaming activities.

Materials. A national program must provide in-
centives for development of quality materials and
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software necessary to provide effective instruction
through tools such as those listed earlier in this
report (computation, instrumentation, modeling,
etc.). These tools must be put in the hands of
students by teachers possessing appropriate back-
ground in the proper use of these materials.

Idcas. A national program must invest in research
and long-term development; creating new ca-
pabilities and anticipating difficulties in the uses of
instructional technology. We need to understand
much more about learning, leamer-machine inter-
actions, and effective strategies for teaching with,

“about, and through computers.

Technology must be taken beyond the fascinating
equipment capable of transmitting, storing, pro-
cessing, and displaying information. For effective
use of education, greater attention is needed to the
development of software and materials which can
define new computer-based environments for
leaming. Both systematic and creative approaches
are needed to develop, refine, and validate such
instructional material.

Within video technology, we can already identify
impressive productions which exploit the medium
to present important science/technology concepts

and involve the viewer in considering their con-
sequences and applications. Video sequences can
be found which motivate, inform, and challenge
students, and then lead to classroom discussions,
field trips, or laboratory work involving students in
imvortant learning tasks. Analogous uses of newer
technologies in enhancing instruction must be
sought and developed, recognizing technology's
potentially valuable role as a suplement to (rather
than a replacement for) other successful teaching
strategies.

Educational planners and decision makers (such as
Commission members) should obtain a microcom-
puter typical of current technology to use at home,
plus a library of the best available applications
programs and supporting materials. In a familiar
setting, they should have the opportunity to try the
computer and software with family and friends of
various ages. They should also participate in a
computer-based conference or electronic bulletin
board with educators exchanging information and
advice on new technology. Of course they should
also observe similar technology being used in a
school and talk to students and teachers about their
experiences and impressions. <

APPENDIX K

REPORT OF THE WORKING
GROUP ON CURRICULUM
DEVELOPMENT :

In any science curriculum development it is neces-
sary to provide that science which is basic to mod-
emn technological society. Great progress has been
made in the development of rigorous courses in the
science disciplines taught in secondary schools.
Changes in those courses riced to be made to bring
them up to date with the latest scientific and tech-
nological developments. Additional curriculum
materials which bear even more :n ongoing de-
velopments in the sciences and technology and
interface with present and future personal and so-
cietal needs and career awareness, also need to be
developed. Many of these changes will be in the
context in which concepts, principles, generaliza-
tions or theories are taught.

While there is essential agreement on which
concepts, principles, generalizations and theories
should be taught, the context and emphasis will in
some cases vary from region to region or even
withinregions. It is important, therefore, that local
groups as well as national groups be involved in
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revising and developing curriculum in the sci-

‘ences. In order to meet local needs as well as

provide curriculum which does in fact speak to all
of that which is basic to modern technological
society, it is necessary to have a viable system for
developing curriculum.

1. Atthe national level a set of non-prescrip-
tive guidelines accompanied by a large set
of illustrative examples will be developed.
This development would take place at a
number of regional centers which would
be commissioned for that purpose.

Staff at such a center would include per-
sonnel with established credentials in one
or more of the following areas; subject
matter, research in science education, cur-
rictlum development, teacher education,
teaching science at the various levels, and
curriculum implementation.

2. In order to have the optimum opportunity
for infusing the curriculum into the class-
room, it is important that the local group
indicate a commitment to trial and imple-
mentation of the curriculum materials
which are developed by the local groups.
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These local groups, which would be
organized in a varicty of ways, would be
asked to write proposals explaining
among other things the needs as they see
them and the system for implementation.
They would meet during the summer for a
period of six to eight weeks with resource
people either at one of the regional centers
or at a lgcal center which has been desig-
nated for curriculum development. The

science teachers would be paid a sum -

which is equal to or greater than their

APPENDIX L

REPORT OF THE WORKING
GROUP ON TEACHER
PREPARATION—ELEMENTARY
K-8

All teachers must be qualified and certified to teach
science; K-3 Science Specialist monitors and ass-

ists the regular classroom teacher who teaches
science.

4-6 Science Specialist in one of four modes:

1. Trained Science Specialist in each
classroom. -

2. Specialist trades with other teacher. (sci-
ence—social studies switch).

3. Moving Science Specialist to cach class.

4. Moving classes to Science Specialist

7-8 Trained Science Specialist in each science
class. Teacher education:

1. Strong science courses—lab based.

2. Early opportunity for ubserving and par-
ticipating in science teaching. Don’t wait till
the last year.

3. Child development: Psychology of the child
thiough adolescence.

4. Training in the use of technology.

5. Method courses in the application of knowl-
edge on child and adolescent development to
science education.

Elementary Teacher Preparation K-8
Characteristics of Pre-school/In-service

1. Hands-on experiences.

2. Activities that enhance questioning.
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geademic salary for the same period of
gme for this devejgpment.

puring the ensujpg year some of these
ople vwould be aggigned and paid for the
gdditioraal responsibility of continuing
custicultam deVelgping at the center and
gssistingz teachers g ghelocal level with the
jmplementation of the new materials.

This syStem Will gncourage and reward
" gutstancling teachers and serve as a basis
of teied ucation of 411 who are involved.

3. Dgvelopin g creative skills.

4, Qeveloping broblcm_solving skills.

5. \|gderstarzding the yge of technology.

6. bnderétanding the oerging adolescent.

Sy, ary
Tychers sbaould Understand, use, and apply

15€ 3Ki|¢ in sciexce as Stated. (Skills being defined
as “Onggpts and. process jperwoven.) Pre-service
edWatyn shou1d incluge training in the prac-
[icaliliqs; e.g.

1, Yylletin broards .

2, {carning <enters.

3. Managing eqipMeq; using, storing, repair-

g, and manaBing students using the

Qquipment.

A se Of ressources: pevelopment of profes-
yiondlism through g awareness of profes-
yignal orsanizations and educational pub-
lications &nd hoW tq gain access to them.

Iy gesvice <ducation ghould include participa-
1ioNin grricultamplaning and/or writing curricu-
UM mgerials DY teachers,

LO"g kange Plans ]
L Qresle a Study ON how oOne can train an ele-
wmentary €eacher in 120 semester hours, in-
yuding thie necessary competencies in sci-

ypce» mathematicy “language arts, social

ydics, exc. as Wel| as psychology and meth-
uds courses. Is it Pogsible to do all of this well
or not? What schog] packground for the pro-
Rpective elementary teacher would have to be

brgsllpposed?

!



Short gRpge Plaps

I LPuk yt the characteristics of exemplary pro-
g Ans for the preparation of K-8 teachers
W g8 those identified by **Scarch for
kAeelgnee

2, aflgeychers should have some training on the
wQ of caleylatersicomputers,

3. 4/l seyehers should be aware enough of re-
seAreh n science education and be familiar
tpOupp with education technology to be
vMufodable in carrying out action research
iy tpe ¢lasyroom,

APPYRNDIX M

REPARS OF THE WORKING
GROUP ON TEACHER ‘
PRAPARXATION GRADES 6-12

Somé fpe of differential pay in money, time, or
othey (0™ of remuneration needs to be adopted in
ordef 10 Nthzft and hold qualified science and math
teacprs. Wy strongly recommend that a subcom-
mittg® Meey after these deliberations with leader-
ship &y tye AFT and NEA to discuss creative
wayy ¢ aPproach the sybject of differential pay.

A fow conters across the country should be
idengifiey oy created as models of pilot programs of
exensARY séience education at all levels. These
cemgty byl include upiversity personnel in the
contghy ryg» seience curTiculum experts, science

educAtg?y, lgArning theorists, communication spe- -
cialighy, pigtes teachers, exemplary school dis- .

tricts » ¢fX, b centers could'eventually serve as a
nuclghg tor gxpanded teacher training programs.

It 45 stegngly recommended that two levels of
inservigR Sejence education programs be imme-
diatefy Shaplgmented:

4 fh-service education of science teagyt? gt
PR designed S0 that requifed proggs AlonyS
PRid continuing education will be myyn A
far the next couple of decades. -

$- S\ch education clearly separates At wo
Aieneles:

(1) Those who must be traing %\ by

_qualified to teach science- or pryyeftsei

ence teachers who are qualifyiyg Ney,

¢th new subjects. ‘ '

(?) Those who gre qualified and-gy Jat/l
ing their Qualifications.

\N\/\N\N\_‘-—————v/\/\

(17 toupdate teachers who originally yeAlveg
WN\quaft trajning but are pow lacking in pm/ \on.
N knPWiedge, use of new technology, ad Pleof
WY podQlogy in relating science curriculys ¢ the
P ymyAity, :

(2) 10 train teachers who have lity, M'ny
IVQpﬂPa‘ion in Science gontent or science waﬂ}ing .
S\egiés in the areas) to which they hye Yoey
WigneA. ' :

It #+ imperative that a permanent natin/ jn.
Sﬁfl\:ice Science education program be it Tty
Py 35 2 Jong tesm jpvestment to copgnAyly

PNate 2nd jmiprove science education. WM i
Y cyticyumm should be revised to bty ¢te
sMgeg With the cOmmunity and other 9uhq‘¢ct
ARy, Fgchers must be continually train&& g
‘Eﬂ\dill#j 10 meet the needs of students liiagl Iny
S¥ngip! chnological world,

: SuPport For science curriculum chayge \oq |

ﬁe{“q,lopmem as well as teacher training to m%"’l&’s‘
PN chaNge is urgently required.

.,

ARPRNDIX N

REPORY OF THE WORKING
GROUP ON SUPPORT FOR
IMPUEMENTATION AND
CRARGE

Pregithle
This ¢QpRt is prepared under the assumption that
federpl fAyd exiyt both in 1983-1984 and in future

o
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A fof e initiatives and program reconmAid
2% 1ikely to emerge from National ALAL
AAd Commission reports. We are particuﬁtly
/MM that those fupds be disbursed i Vs
WA adlregs the concerps of highest prion‘ty. pd
% on the basis of Political or other ingjeit
APsts -
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Recommendations

B
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Support should be provided for the creation
and operation of a National Center for Sci-
ence Education, Such a Center would have
the ad vantage of concentrating talent and re-
sourees, without the constraints and limita-
tions found in schools or school districts.
Thus, innovations in scope, Sequence, and
contenit, as well as apparatus and resources
could be all brought to bear on the problems
of science education in one Center. The Cen-
ter could include a materials development
center and research library, along with K-12
demonstration and research school, in which
the best possible teachers, facilities, equip-
ment, etc. cOould be used with a representa-
tive group of students.

Such a Center could be supported by a mix-
ture of public and private funds. The private
sector could also participate by contributing
state-Of-the-art electronics, computers, and
other material and equipment. This Center
could operate under the oversight of a **Joint
Council” of the type being proposed by the
National Science Teachers Association
(modeled after the Joint Council on Econom-
ic Education). The National Center could
serve as a national repository for advice and
inforrmation on science education.

Pertinent data on all aspects of science edu-
cation should be collected annually by the
Science Resources Studies Group of the Na-
tional Science Foundation (NSF). These data
should be analyzed and their highlights made
public . The data collection should be main-
tained and results stored in some permanent
fashion so that the important information
they cantain is continuously available.

. There was a Strong feeling that the National -

Science Foundation, which supports through

its basic research program, the creation of

knowledge, and which has strong links with
scientists and science education personnel in
universities, Colleges, and industry, is the
agency through which support for science
educution programs should be funded. There
was also much concern that the FY 1983
appropPriation be allocated with a proper bal-
ance Over the gjeas of priority identified by
this mceting and by the National Science
Board Commission. Thus, we reconmend
that the following resolution, endorsed by
this meeting, be communicated to appropri-
ated officials of the NSF and elsewhere by the
NSB Commiission:

Be it resolved that this “Con-
o ference on Goals for Science and
" Technology Education” calls for

64

immediate approval of guidelines
for the $15 million of NSF Sci-
ence Education funds for FY
1983. These guidelines should in-
sure a proper balance among sci-
ence education research and de-
velopment, computer utilization,
public awareness of science, and
teacher institutes, with at least
half of the funds designated for
the support of teacher institutes.
Furthermore, we strongly recom-
mend that most future support for
research and development in sci-
ence education, as well as support
for teacher training, be provided
through the National Science
Foundation.

4. Within each state an individual or group

should be identified to provide leadership for
the improvement of mathematics, science
and technology education. In most in-
stances, the State Science Supervisor or the
equivalent would provide this leadership.
Funding should be made avaiiable for the
necessary statewide needs assessment, re-
source identification and data collection.
This joint state group could work with the
Joint Council proposed by NSTA as de-
scribed in (5) below.

. An important feature of the Joint Council

being proposed by NSTA is the state struc-
ture which is also loosely modeled after the
Joint Council on Economic Education.

The agency identified in (4) above would be
encouraged to set up a joint state organiza-
tion, with representation from science, edu-
cation, business, industry and labor. Such an
organization would provide state-level lead-
ership and enter into cooperative efforts to
improve precollege education in mathema-
tics, science and technology. These joint
state groups would be represented on the
Joint Council. :

. NSFFY 1983 aﬁpropriated funds for science

education should be allocated for first-phase
support of high priority initiatives identified
by this *‘Conference on Goals for Science
and Technology Education.”” In this way,
many of the efforts which are needed could
begin as carly as Fall 1983.

. Cost sharing and matching requirements of

NSF guidelines should be small and flexible.
Need and merit should be criteria that are
included in funding considerations.

. There were many excellent materials de-

velopment projects over the past ten years
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which did not include a dissemination com-"

ponent. Somc of thesc efforts resulted in
production of fragmented scts of materials;
others produced entire sets. There are other
sources of such materials. Funding should be
provided to examine, evaluate, revise where
appropriate, complete, and disseminate
those materials that address goals appropri-
ate to the 80°s.

. 9. There must be a careful balance in support of
national materials development efforts and
the local efforts to select, assemble, adapt,
and sequence high quality curricula. There
must be local training and familiarization.
There also must be strong involvement of
teachers in national efforts. The Joint Coun-
cil would provide a national forum for dis-
cussion and coordination of the many mate-
rials development efforts that will arise:

APPENDIX O

REPORT OF THE WORKING
GROUP ON SCIENCE
EDUCATION AND THE
PHYSICALLY DISABLED |
INDIVIDUAL

The educational emphasis that is necessary for the
disabled is one of *“Enabling the Disabled rather
than Capping the Handicapped.”

Therefore, for disabled individuals just like
their nondisabled peers, it is necessary to transmit
and develop the information and understanding
that is necessary for individuals to become inde-
pendent, contributing members of society. In addi-
tion, and more important, it is necessary to help
individuals, disabled ornot, 10 learn how to learn.
Then whether it be in the world of work or as
particpating citizens in our d~mocracy, individuals
will be able to adapt to changes, process and ana-
lyze new information, and make intelligent deci-
sions based on the evidence.

Our whole society is becoming more depen-
dent on science and technology every day. We
expect our citizenry to make a wide variety of
science and technology-based decisions in the
world of work and in life generally. Therefore,
science and related fields have become extremely
important in the education experience of all leamn-
ers. For disabled learners, science instruction start-
ing at an early age and continuing throughout their
school carcer takes on added importance for the
following reasons:

1. Science emphasizes hands-on experience
and exploration of the environment, both
physical and biological. It can help to fill
some of the experimental gaps in the back-
ground of many physically disabled individ-
uals. Whether these gaps have evolved be-
cause of extensive hospital stays, overprotec-
tiveness of schools or parents, or a variety of
other reasons, thesc hands-on experiences
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are essential in developing knowledge and
understanding of one’s environment and
one’s personal relationship to it. Such under-
standing is extremely important in helping to
develop the individual’s independence and
overall positive self-image.

2. Recentscientific and technological advances

have provided the tools (computers, talking -
calculators, control systems, versabraille
hook-ups to computers, TTY telephone sys-
tems, etc.), which can help to mitigate the
limitations imposed by a physical disability.
This can help enable disabled individuals to
be independent contributing members of so-
ciety. In order to effectively use these tech-
nological devices, disabled individuals need
first to know about them. Also helpful is a
variety of experiences exploring variables,
using equipment and materials, machines
and related devices. Many of these tech-
nological devices invclve orgamzmg and in-
putting information. Science instruction
with its emphasis on making observations,
collecting and organizing evidence, and
coming to conclusions can be significantly
helpful in developing the individual’s psy-
chological and manipulative readmess for
using technological devices.

3. Jobopportunities in the future forall individ-

uals will require greater knowledge and un-
derstanding of technological devices and
how they work. The computer will become
an important part of many jobs in the future.
Because of technological advances in alter-
nate ways for individuals to use computers,
many of these jobs are available even to the
seriously disabled if they have the necessary
background and training and perhaps more
importantly, self-confidence to seek the posi-
tion. Early experience-based science educa-
tioncan help disabled individuals to develop
the skills and attitudes necessary to effec-
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tively take their place in the world of work as

independent contributing members of

society.

If concern for the physicaly disabled sounds
too altruistic to some in times when ‘“‘hard econom-
ic decisions’” are necessary, it is important to note

. that an independent self-reliant disabled individual
can be a full contributing member of the society.

The altemative is the totally dependent individual

who has to be cared for indefinitely at costs per
year far in excess of the entire cost to provide an
effective science program. Science education can-
not solve all problems but it can make a significant
contribution. From humane and economic points
of view, we can do no less than provide disabled
individuals and their peers with the best possible
science program. To do less is cheating disabled
individuals and ourselves.
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AGENDA

Conference on Goals for Science and Technology Education, K-12
Washington, D.C. Marci 11-13, 1983 oy

Friday, March 11 |

Friday, March 11

8:30 p.m.

Saturday, March 12
9:00 a.m.

9:30 a.m.

2:00 p.m.

3:30 p.m.

Sunday, March 13
9:00 a.m.

11:00 a.m.

2:00 p.m.

3:00 p.m.
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Plenary Session

® Statements and discussion about the purpose of the conference
® Bricf reports on recent studies and reports on the status and needs of
science and technology education and on learning/teaching methods

Plenary Session

© Discussion of the agenda
® Discussion about type of information nceded from groups

Group Meetings: Elementary School Science, Biology, Chemistry, Phys-
ics, Engineering

Plenary Session

® Reports' from groups
® Organization of afternoon groups on other science areas, overlapping
areas, special emphasis for different students, etc.

Group Meetings

Plenary Session

® Reports fiom groups .
® Discussion about educational feasibility of suggested programs and
teaching problems

Groups meet to draft reports

3

\

® Decision on conference recommendations
® Discussion about conference report format

Final Plenary Session

Group report-writing until departure times
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INTEGRATING CONCEPTS OF ENGINEERING
AND SCIENCE INTO INSTRUCTION IN GRADE
LEVELS K12

Report from an Ad Hoc Subcommittee of ihe NSF Engineering Advisory
Committee ‘

Prepared by J. H. Mulligan, Jr., Universiiy of California, Irvine
j :

. / . .
|
EXECUTIVE SUMMARY AND CONCLUSIONS

Atits meeting in December, 1982, the Advisory Committee for Engineering* of
the National Science Foundation discussed the work of the Commission on
Precollege Education in Mathematics, Scienﬁe, and Technology as reported in
documents made available by the staff of the Commission (primarily, Today's
Problems, Tomorrow’s Crises). The Adviscry Committee benefited from atten-
dance at the meeting of Commission Co-Chair Dr. Cecily C. Selby and staff -
member Ms. Mary Kohlerman. Two recommendations resulted from the meet-
ing: (1) instruction in: science and mathematics throughout grade levels K-12
should include stress on applications to practical problems, and (2) the instruc-
tion in these grade levels should include concepts of engineering, including
synthesis and applications, selected as appropriate to each grade level. Dr. Selby
extended an invitation to the Advisory Committeé to provide-.comments to the
Commission dealing with these recommendations. This document responds to
that invitation. , @

This report is the work of an ad hoc subcommittee of the Advisory
Committee consisting of Richard H. Bolt, Richard J. Goldstein, J. H. Mulligan,
Jr, and Klaus D. Timmerhaus, under the chairmanship of Dr. Mulligan. Dr.
Jack Sanderson, Assistant Director for Engineering, National Science Founda-
tion, met with the subcommittee, and he and Dr. Carl W. Hall, Deputy Assistant
Director for Engineering, contributed to the development of the report. All
members of the Advisory Committee were given an opportunity to comment on
a draft of the report, and comments received as a result have been incorporated
in this document. - " _

The principal conclusion of the report is that in recommending changes in
mathematics, science, and technology education in levels K-12, the Commis-
sion should give serious consideration to the introduction of engineering con-
cepts and their integration in mathematics “and-science material, including
practical applications, within courses in many subjects throughout the curricu-
lum. This action is necessary to ensure that all graduates completing instruction
through grade 12 achieve general technical literacy, as well as to improve the
precollege preparation of students intending to pursue professional careers in
mathematics, science, or engineering. Separate courses should not be used to
present the material recommended; instead, the concepts and applications
should be introduced by modification of existing courses.

*See Attachment 1 for membership,
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Curriculym materials, including laboratory exercises, -will have to be
prepared to make the recommended transition feasible, and various forms of
teacher training also will be necessary. Case studies, including design and
synthesis, analogous to those developed for engineering undergraduates should
be developed for the high school level. Summer programs which enable
- mathematics and science teachers to interact as participants with research or
design groups in universities and mdustry should be instituted. The engineering
profession, acting through -its professional societies and the engineering col-
leges and universities could assist materially in the transition process, including
facilitating arrangements for cooperating with industry.

INTRODUCTION

The recent report of the National Commission on Excellence in Education has
emphasized the decline in quality of precollege education and has offered
suggestions to correct the condition. We are familiar with the continuing
movement of U.S. precollege education away from mathematics, science and
'technology This trend has been emphasized repeatedly, particularly when
comparisons are made between the precollege education of students in the U.S.
and that of students in Japan, West Germany, and Russia. This trend has been
underway for some time and comes as a result of apparent disinterest on the part
of parents and the preoccupation of the public with other more personal needs:
For the most part, until recently, the U.S. public has seemed quite unconcerned
about the impact of technical illiteracy, because such deficiencies do not appear
to have adversely affected their personal lives. In fact, however, there are far-
reaching consequences of this illiteracy, not-the least of which is the inability to
design and manufacture high technology products that are competitive here and
abroad with those products of foreign natians. Recession and unemployment
result from many causes; a lack of proficiency in capitalizing on developments
in technology is certamly one of the major contributors to a depressed economic ,
condition.

If this is the present situation and the public in general shows little interest
in this aspect of precollege education in the U.S., why should the engineering
profession be concerned? For one reason, our culture is increasingly technology
based, so the engineering profession should undertake a responsibility to deal
with the need for educational improvement. Perhaps a more compelling reason
is that our country has entered a most critical period in which we find oursc!ves
faced with growing competition from other developed countries, which have for
some time recognized that their future survival would depend on the maximum
utilization of their human resources. If the U.S. is to retain a leadership position,
or is even to keep pace with these countries, it will need to maximize its
development and use of human abllxtles The extent of such development in the
U.S. will be highly dependent upOn Construciive changes that can be effected to .
strengthen, to rekindle interest in and to provide greater relevancein precollege
and college education during the coming decade. .
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We also find a philosophical reason for the need to effect a change in the
present precollege education. Our society has long taken the view that every
youngster should have extensive study in the English language because of the
- need to communicate and that a certain amount of history should be learned in
order to provide a better understanding of Western civilization. Similar argu-
ments are made to justify the study of liberal arts, music, and other subjects.
None of these courses is studied primarily to prepare the student to enter the
teaching profession, or to become an historian, or a musician; rather, the
subjects are studied to help all students develop a better undersianding of the
world in which we llve and the society to which the student will contribute as an
adult. ,

The emergence of high technology in the past generation has added
another dimension of knowledge needed for dealing with world affairs. It is just
as important for the young student to be able to understand and appreciate what
science and technology are and what they can and cannot do for society as it has
been to study the other areas which society has come to regard as essential in the
education of young people. Scientific and technological literacy is needed to
understand many of the issues, including those on local, national, and interra-
tional levels, on which our citizens will vote or express their opmlons in other
ways. :
~ From this standpoint, what changes need to be made in precollege educa-
tion? Basically, we must redefine the goals of precollege education. If the
educational process is to provide young pecple with the background needed to
understand the world in which we live, then we must recognize that science and
technology are integral parts of today’s world, and that these subjects are
essential elements for attention throughout the K-12 curriculum. This is par-
tlcularly important for those young people whose formal education ends at
grade 12. This need does not call for the addition of special new courses. Rather,
it calls for a careful incorporation of the concepts of mathematics and ¢.-*~nce
. and their practical application into courses presently availablein mar - .- - ¢ts,
particularly courses such as social sciences and history. Even 1.:.:.. .uatics
instruction can be made more interesting and useful by incorporating vatious
scientific and technological concepts within the course presentations. What is
even more important is to educate young students in the scientific and tech-
nological approach to the solution of everyday probiems. It must be demon-
strated that the quantitative approach to reasoning i< not only logical, but is also
mvzh more effective than simple intuition or fe in dealing with matters
where analytical decisionmaking is appropriate.

The Commission has expressed the view that K-12 instruction in math.ema-
tics, science, and technology needs to be stregihened. The Advisory Commit-
.tee for Engineering agrees. However, the Committee believes that the educa-
tional process must include an additional element: a bridg:: {rom science and
mathematics to the development and use of technclogy. This includes the
integraticei -+ engineering concepts in the instructign of sc;.ce and mathema-
tics. The wilization of"'mathematics and science in the :olution of practical
problems must be stressed, and the nature of the engaeering process and
engineeriny concepts must be taught. An essential elemsnt of engineering, one
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that is absent from science and mathematics, is the process of synthesis or
design. Engineering draws substantially from mathematics and science and is
highly dependent on these disciplines in the design process. It is the design
process, however, that ultimately produces technological change, and this
change is governed in turn by economic and social considerations. Attention to
this fact of life must be included in the formal educational process and not left to
chance as an element of one’s development as a citizen.

An important element of the educational experience in grade ievels K-12 is
the role that technology plays in our society, including the influence of the
engineering process in the development and utilization of technology. It is the
thesis of this report that instruction stressing the utilization of mathematics and
science and the nature of engineering should pervade instruction in grade levels
K-12.

Engineering education at the college level draws heavily en mathematics,
chemistry, physics, biology, and the social sciences including economics. From
a purely parochial view, therefore, substantial improvement in the K-12 mathe-
matics and science instruction and introduction of engineering methods and

“concepts would be quite desirable, as it would have a pronounced effect on the
quality of the preparation of those aiming at professional careers in science and
engineering. But a second and more compelling reason for making the sug-
gested changes in precollege education is the importance to the nation of
achieving in the next generation a substantial increase in the technical literacy of
its citizens.

CURRICULUM CONTENT

At the outset, we note that the Advisory Committee does not propose separate
courses to deal with the integrative process. The engineering concepts to be
presented and the details of their application should be included as natural
elements of the work in mathematics, science, social studies, and even the arts.
We recognize the important need for improvement in the quality and quantity of
precollege courses identific d as mathematics, biology, chemistry, physics, and
the like; this need continues to be addressed by other groups. But this report
deals with a different need: the need to integrate science and engineering
concepts, including their application, into courses on many subjects throughout
i+ curriculum. Of course, in addition to the substantial benefit derived by all
.ihzens, the integration of science and engineering concepts will provide a
-siaulus for matbematics and social science studies and, hopefully, develop a
¢ ariosity among young people which will tend to encourage a greater involve-
ment in thase areas.

Soc:a& Studies

With regard so social studies, attenticn should be directed, to the degree
appropriate for each grade level, to questions of how people—as individuals and
their aggregation into nations—contribute to technological change and how
people are affected by it. With regard to the broad subject of technological
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change, carefully selected examples can illustrate the forces that drive the
change, the details of how the change is accomplished, and the effects on
society—both good and bad—that are directly attributable to the change.

Synthesis and Design

\ Synthesis or design is generally absent from the fields of mathematics and
science. Consequently, one will need to introduce additional topics which deal
with the ‘utilization of mathematics and science and the application of these
subjects to the systematic synthesis of products and processes. Field trips,
“hands-on” demonstrations, and special presentations by individuals in indus-
try directly involved in creating hi ' tzchnology products are envisioned as
essential elements of the curriculum dealing with synthesis. In the incorporation
of these activities as part of the educational experience, special emphasis should
be given to the interplay among science, engineering, and economics in the
design and manufacturing processes. »

.Mathematics, Science, and Their Application
The technical material used as a vehicle for teaching mathematics, science and
engineering, from an integrated point of view, could assume several distinct
forms, depending on grade level. Fairly detailed considerations of case studies
in the history of science and technology provide fertile sources for interesting
illustrations. Experiments by such scientists as Torricelli, Galileo, Newton,
Boyle, Dalton, and others demonstrating quantitative and unchanging relations
in physics and chemistry could be introduced into the curriculum at an early
stage, with emphasis on the mathematical expressions involved and sorne
practical embodiments of the principles. Simple experiments in electricity, heat
transfer, and mechanics, such as the properties of the pendulum, for example,
could be introduced early in the curriculum. These could be followed by
discussion of simple machines. For example, the study of James Watt’s contribu-
tions to stearn power would be interesting and rewarding. The design principle
of the Newcomen engine, which provided the basis tor the earliest internal
combustion engines, is simplicity itself. Watt’s use of the concepts of sensible
and latent heat in the condenser design, poppet valves, planetary gears, and
other machine elements provide numerous examples of scientific thinking
which, along with synthesis, provided important practical benefits. Another
prolific source of interesting applications of scientific principles is the taming of
fire for space heating. Beginning with Franklin’s notions about heat transfer,
which led him to restrict the air flow up the chimney, one could introduce
Benjamin Thompson’s (Count Rumford’s) many contributions, particularly the
role of radiation and reradiation. The shape of today’s f:replace and the design of
woodstoves can be traced directly to the contributions of these two.

Identification of the connections between the various scientific and tech-
nological milestones with changes in the style of living of the people and the
development of their nations constitutes a good example of the integration
process W’ h is being recommended.

Broad Engineering Concepts

Subjects that are introduced in the text, The Man-Made World, constitute an
excellent pool of curriculum topics for the upper half of the K-12 instructional
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spectrum. With the recognition that the level of discussion must be selected to
be appropriate to the various grade levels, topics such as the concept of a
system, modeling, feedback, stability, optimization, analytical decision mak-
ing, and complex problem solving would be rich in curriculum possibilities. In
'many instances, there would be direct and easily obtainable illustrative exam-
ples in the world and localities in which the students live.

Case Studies in Design

Grade levels 9-12 could include detailed techmcal descriptions and case histo-
ries of design examples associated with products, processes, and systems that
are familiar elements of our daily life. Social studies courses could deal with the
impact locally, nationally, and internationally of such technological devices and
systems as electronic calculators, robotics, energy conversion devices, compu-
ter aided manufacturing, microcomputers, office automation, and the interac-
tion of energy systems and the environment. This instruction would be based on
the mathematics, science, and engineering concepts introduced in successively
increasing depth in the earlier years. This pattern should contribute measurably
to the achievement of technical literacy by the completion of grade 12.

Role of the Computer

Because of its current and future importance, the electionic computer with
suitable display modes, particularly the microcomputer version, can have an
important curricular role throughout K-12 instructional levels. As a tool,
allows simulation and demonstration of scientific principles, provides a conven-
ient means of performing mathematical calculations, and permits students to
study the effect of parameter variations in systems under consideration. As an
illustrative technological product, the computer affords many learning oppor-
tunities. Finally, because of the pervasive influence of the computer in our daily
lives, it constitutes an important stimulus to learning mathematics, science and
techinology. -

A unifying theme for the mtegratlon proposed could be associated with the
rapid development of the computer and its increasing importance in the life of
each individual. There are already strong pressures to deal with computers and
their applications in both elementary and secondary schools. The connection
between computers and high technology is direct. This fact, plus intense public
interest, may well be of encrmous advantage in obtammg broad support for the
acticns that are recommended.

REALITIES OF IMPLEMENTATION

Implication of Recent Attempts at Change

With approxnmately 17,000 school districts in the United States, one can really
only talk in statistical terms about 1mplementm0 change in the educational
system. There is anecdotal information at hand at the extremes of pessimism and
optimism and virtually everything in between. Some members of the Advisory
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Committee have reported their direct observation of lack of success in effecting
improvements in mathematics and science instruction through means such as
attempts to obtain pay differentials for science and mathematics teachers, a
longer school year, and increased high school science and mathematics require-
ments at the school district level. Substantial demands on teachers’ time both in
and out of the classroom, and a timidity of some in dealing with science and
mathematics have also been given as reasons to believe that implementing the
kind of change proposed is very difficult.

On the other hand, we see examples of substantial success in introducing
instruction associated with modern computers in the elementary schoo! which
augur well for the future. For exampie, in the city of Falls Church, Virginia,
under the leadership of the principal in an elementary school containing grades
K-35, curriculum materials have been developed, on-site graduate courses have
been provided for teachers, computing equipment has been made available, and
without the introduction of new formal courses, a substantial change has been
made in the education the childreri receive in this subject area. Apparently, the
process has been received enthusiastically by students, teachers, parents, and
the administration of the school district. Furthermore, it appears that the
program did not involve significant budget changes. To a large extent, although
admittedly only a very narrow subject is involved, this is a microcosm of what
one would want_to occur ultimately on a national scale.

We also see some interesting examples of successful cooperation between
industry and local school systems, which have improved instruction in science
and mathematics. These include a science teacher’s workshop sponsored by
industry, and a science consultant’s program which brings scientists and engi-
neers from mdustry into elementary schools to give demonstrations and provide
“hands-on” experience to students. Several state universities have developed
special programs that provide technical updating for science and mathematics
teachers and coordination between high school and college instruction. Sub-
stantial additional progress in similar cooperative ventures is anticipated.

Curriculum Materials and Teacher Development

Even though one can be inspired by these specific accomplishments, we
recognize that integration of science and technology into the precollege curricu-
lum in the manner and to the degree suggested will not be easy. At present, very
little material that can be used to address the desired objectives is available to the
elementary and secondary school teachers. This educational material must be
prepared by individuals having the special knowledge required, working with
classroom teachers, and carefully tested before it is mass marketed. This
material must also include simple but effective laboratory demonstrations.
Effective use of these teaching resources. will also require the training of the
present teaching staff to deal with the unique_nature of the ‘interface between
science and technology, as well as the hlrmg of new teachers who have been
exposed to this integrated concept and ar¢- dedlcated to prov1d1ng an- ennched
experience for their students. :
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Specific information regarding engineering and applications of science is
needed to supplement and/or revise textbooks for use in courses on mathematics
and social studies. Some of this information has already been developed, but
only on a small scale and without the emphasis recommended in this report.
Experienced personnel in the engineering profession have indicated a willing-
ness to help provide examples and problems for mathematics, chemistry,
physics, and social science texts. Another possibility is to utilize the talents of
historians of technology to contribute material for new social science texts. Case
studies developed for engineering students at the college level have been in use
for some years. These often involve relatively small, short-term projects which
include the concepts of synthesis and analytical decision making. Other case
studies directed to a less sophisticated student body can and should be written
for a high school audience. '

A program aimed at teacher development could provide paid summer
employment for junior and senior high school mathematics and science teach-
ers. The arrangement would enable teachers to work directly with researchers
and designers in engineering colleges and in industrial organizations. This
practical experience should give substantial background for enriching the
mathematics and science instruction. Cooperative arrangements between busi- -
ness and high schools, which have been developed for distributive education,
for example, provide useful models for successful interaction. Another pattern
of interest is the activity, sponsored by the NSF, of employing undergraduates in -
research projects.

Importance of ihe Individual Teacher

Careful consideration should be given to the development of curriculum mate-
rials, the organization of teacher training programs, and the provision of
enrichment activities, such as field trips and classroom demonstrations by
visiting scientists and engineers. At the outset, we note that in the hierarchy of
learning difficulty, synthesis is at the highest level of difficulty. Thus, to achieve
the desired level of integration of mathematics, science, and technology, the
teaching material must be prepared with considerable care to achieve “teacher
friendly” characteristics. The individual teacher will ultimately need to be
convinced emotionally that the ““technology today” aspects of mathematics,
science, and social studies are as necessary in the educational programs for
young people as the traditional ““facts”. The problem, then, becomes one of
finding the time to treat the new topics to be introduced. What, forexample, will
be eliminated ? Preparation of curricular materials and design of teacher training
programs must be accomplished with this in mind. Furthermore, field trips and
demonstrations by outsiders need to be scheduled and structured to achieve
continuity in instruction, and provisions must be made to ensure that the
individuals participating can relate to the students at the various grade levels.

To achieve success iman mtegrated approach to instruction in mathematics,
science, and technology, it is vital to obtain the involvement of a large percent-
age of master teachers. These individuals, regardless of their specific teaching
specialities, have much to contribute to the development of curriculum, teach-
ing materials, and teacher training programs. The creation of prestigious NSF



fellowships for the participation of master teachers in a cooperative effort with
engineers, scientists, and mathematicians would provide significant motivation
for the contribution of the talents of the teachers.

'ROLE OF THE ENGINEERING PROFESSION

The manner in which the engineerirg profession in the United States is
organized can be of considerable advantage in the implementation of the central
recommendation of this report. There are national societies associated with the
various technical disciplines that constitute the field of engineering. Each of the
societies has provisions for communicating with its members on alocal as well

" as national level. The American Society for Engineering Education (ASEE), as
the name implies, is composed of individuals concerned specifically with
engineering education. There is good communication among the various engi-
neering societies; in fact, there exists an “umbrella’ organization, the Amer-
ican Association of Engineering Societies (AAES), whose members are the
major engineering societies. The organizational nctworks available through the
various societies provide unusual opportunities to communicate with many
engineers in government, industry, and academe and to obtain their volunteer
services in facilitating the implementation of the educational changes which are
proposed.

Past experience in developing new instructional programs in mathematics
and science indicates that a minimum time period of three to five years is
" typically required to go from concept to a reasonable level of operational
performance. Thus, there is an important need to achieve continuity of interest
and effort on the part of the engineering profession if it is to-make its most
effective contribution in this integrative program of resource development.
Formal involvement of several engineering organizations of the profession
should, therefore, be an asset.

Field trips, ‘‘hands-on”’ demonstrations, and specialized participation by
scientists and engineers in industry are important means ofuenriching educa-
tional experiences in grades K-12. Cooperation between school systems and
industry would be beneficial in teacher updating and in the sharing, or loaning,
of specialized laboratory equipment. At a local level, engineering schools
constitute an important resource to deal with these opportunities. Task forces
operating on a cooperative basis among several engineering societies at a
national level would assist in developing resource material for teacher training
and for curriculum development,\including laboratory exercises. '

\\

CONCLUSIONS

In recommending changes in mathematics, science and technology education in
levels K-12, the Commission should give serious consideration to the introduc-
tion of engineering concepts and their integration in mathematics and science
material, including practical applications, within courses in many subjects

\
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throughout the curriculum. This action is necessary to ensure that all graduates
completing instruction through grade 12 achieve general technical literacy, as
well as to improve the precollege preparation of students intending to pursue
professional careers in mathematics, science, or engineering. Separate courses
should not be used to present the material recommended; instead, the concepts
and applications should be introduced by modification of existing courses.

Curriculum materials, including laboratory exercises, will have to be
prepared to ke the recommended transition feasible, and various forms of
teacher training also will be necessary. Case studies, including design and
synthesis, analogous to those developed for engineering undergraduates should
be developed for the high school level. Summer programs which enable
mathematics and science teachers to interact as participants with research or
design groups in universities and industry should be instituted. The engineering
profession, acting through its professional societies and the engineering col-
leges and universities, could assist materially in the transition process, includ-
ing facilitating arrangements for cooperating with industry.
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FUNDAMENTALS IN PRECOLLEGE
TECHNOLOGY EDUCATION

Report from the Junior Engineering Techical (JETS) Society
Prepared by Paul J. Sullivan, JETS

Meeting Chaired by John G. Truxal, State University of New York,
Stony Brook

EXECUTIVE SUMMARY

Introduction

JETS INC.—the Junior Engineering Technical Society—held a workshop on
Aprl 18 and 19, 1983 entitled ““rundamentals in Precollege Technology Educa-
tion.” The purpose of the meeting was to examine the current status of
precollege technology education and recommend to the National Science Board
Commission on Precollege Education in Mathematics, Science, and Technol-
ogy ways to improve the technological literacy of graduating high school
students.

Questions Raised
The group addressed four key :iuestions:

® What concepts in technciogy and engineering should be taught to young
people?
© When should this material be introduced?

® Where in the curriculum could a place be found to best accommodate
technology” ’

© How do we reach the students who seem to “‘opt out” of science and
mathematics courses early in their schooling? '

It was agreed that technology is not dealt with effectively now. There are
few teachers knowledgeable in technology. Consequently, many teachers are
often timid about technical subjects and do not incorporate technology into their
lessons. Moreover, there is no provision for including technology in existing
courses, and whatever students receive is too little, too late.

Since technology is a set of tools for students to use, it is important that all
students have a positive experience with technology throughout, their school
years, from grade K through 12. While mathematics and science classrooms are
the traditional homes of technology, an u\gderstanding of technology can be
achieved in other subject disciplines as well. There is a need for technical
concepts to permeate the entire precollege curriculum, and to be taught with
real-life examples.

»’ -
{
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General Recommendations
A. Grade K through Elementary Years

As early as practical, students should become aware of the impact of -
technology on their lives. Stress should be placed on the importance of modern
technology through relevant examples and hands-on technological activities.
During these years considerable attention needs to be given to developing
mathematical and reading skills of young people.

B. Middle School Years

It is in the middle school/junior high school years that much can be done to
ensure technological literacy of young persons. We should use technology as-a
way of introducing the individual disciplines of mathematics and science, and
stimulating greater student interest in these disciplines.

Career information for students in most fields—including science, mathe-
matics, and engineering—is inadequate now. Career information should be
introduced as early as elementary school, and should be expanded upon in
middle school. This would enable students to choose their courses in high
school more intelligently, and help them decide their appropriate plans.

The middle school should emphasize oral and written communicative
skills. The mathematics curriculum should concentrate on practical applications
of mathematics showing students that mathematics is a useful tool relevant to
their future.

It is recommended that a course in technology and technological thought
be developed for use either at the eighth or ninth grade level. This is an
appropriate time to cover subjects in technology indepth, rather than waiting
until the last year of high school.

C. Secondary School Years

In the high school years we need to further strengthen the oral and written
communicative skills of all students 25 they begin to depend more on these skills
more outside the classroom. Also during these four years we should have
students examine technological systems that make up their world. A whole
range of skills and concepts should be incorporated into the mathematics and
science curriculum so that students could better appreciate these systems. For
those students more interested, it is recommended that schools make efforts to
involve students in club activities in science and technology.

The development of problem solving skills should be a fundamental goal
in precollege education. This provides further rationale for an early introduction
to technology. The early introduction to technology, giving examples of real
problems, would develop important reasoning skills.

Computer Use in the Schools

Computers are extraordinarily important tools for young.people. Rather than
strictly as a form of educational technology, students should be shown that
computers are tools they will use in their future and, consequently, should know
and become familiar with them. Compater use should be introduced in the
clementary grades, and all students should be familiar with microcomputers by
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middle school. The computer can then be used more naturally by the high
school student.

Conclusion

One result of this workshop was the strong recommendation that a foundation in
technology be regarded as fundamental as reading and writing for all—not just
for the high-achiever for whom excellent curricula and materials have already
been developed. It was felt that every student deserves to be aware of the impact
of technological advance and able to understand the underlying technology
itself. An understanding of technology has rarely been thought of as important
for every high school graduate in order to ensure their literacy in this culture.
Now society must ensure that an understanding of technology be a part of each
student’s basic education. -

Many specific recommendations were developed which are given in
detail in the accompanying final report of the workshop.

1. INTRODUCTION

The National Science Board created a Commission on Precollege Education in

‘Mathematics, Science and Technology in April of 1982 with the purpose of
deﬁnmg a national agenda for improving elementary and secondary education
in mathematics, science, and technology. This was to include an action plan
defining the appropriate roles for federal, state, and local goverments, profes-
sional and scientific societies, and the private sector in dealing with currently
perceived problems in precollege education.

One of the more difficult tasks for the Commission has been in the area of
technology -education for precollege students. Science and mathematics are
currently taught in the precollege years and can be examined to determine how
to be most effective. Technology is not a subject typically covered in school,
and is available to students only through occasional references in other subject
areas.

The Commission spor.sored three meetings to examine fundamentals in
the precollege curriculum. The first examined mathematics, the second science,
and the third meeting—ways of introducing technology to precollege students.

"It was recognized that the rapid advances of science and engineering have
left many of the public uneasy and confused about how new developments will
affect their lives. These advances have also given rise to technological illiteracy
and professional shortages—conditions which can only be arrested by changes
in the earliest school grades.

Twenty-five or thirty years ago there was great glamor attached to mathe-
matics and science as a means to a national goal and students were required to
complete a core in these disciplines. Ten or fifteen years ago, however, students
were allowed a broad choice in their educational pursuits and often chose, in
their pursuit of relevancy subjects other than mathematics and the “hard”
- sciences.
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Today we should consider these aims—material goals and relevancy as
perceived by the student. This can be achieved by developing meaningful
curricular topics related to the student’s background. For example, “‘hi-fi”’ can
be used as subject matter in the investigation of problems involving physics,
mathematics, psychology, economics, government, and perhaps more.

Engineering_is a people-oriented, learned profession, which must be
recognized as such by the precollege professional educators. Engineers must be
involved in all phases of curriculum development to better assure that matching
subject matter is presented to precollege students with their other course work.

2. QUESTIONS RAISED

The workshop attempted to focus on specific questions in order to establish
what ought to be expected of high school graduates. Each of the groups
presented what they need in a graduating high school student.

The workshop addressed only four questions:

® What concepts in technology and engineering should be taught to young
people?
® When should this material be introduced?

@ Where in the curriculum could a place be found to best accommodate
technology?

© How do we reach the students who seem to “‘opt out” of science and
mathematics courses early in their schooling?

It was widely agreed that technology is not dealt with effectively now.
There are few teachers knowledgeable in this field. Consequently, many teach-
ers are often timid about technical subjects and do not readily incorporate them
into their lessons. Moreover, there is no real provision made for including
technology in existing courses, and whatever students receive is too little, too
late.

3. BACKGROUND

The National Commission on Excellence in Education recently stated that:

3

‘. .. the average citizen today is better educated and more
knowledgeable than the average citizen of a generationago . . .
nevertheless, the average graduate . . . is not as well-educated
as the average graduate of 25 or 35 years ago.” ‘

" Relating this statement to precollege experiences of our young/ people means
that the educational system has not kept pace with technological advances.

g The use of the term *‘precollege” in all discussions of K-12 education tends
to imply concern for college-bound students exclusively, yet we are concerned
about the technology education of al/ students. Public understanding of technol-
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ogy must be greatly improved, and the most fundamental way of accomplishing
this is to work at it through the schools.

Technological literacy needs to be a part of general literacy and *““numer-
acy.” Inasense we are speaking of “‘basics” in education, and we are identifying
the knowledge and understanding of technology as basic. Technological literacy
is quite different from scientific literacy and mathematical literacy. An under-
standing of scientific and mathematical concepts doesn’t automatically result in
an understanding of technology.

Technology is a product of mathematics, science, and engineering. It.is
difficult to introduce the concept of project work and design of physical things
into an academic environment. What is principally lacking is faculty experience
in technology; thus, we must better prepare our teachers. The education of
teachers in technology must be, in part, experiential, so that they can'educate
students in an experiential way. :

* We need to have teachers who deliver knowledge of science and technol-
ogy in a manner that brings understanding, appreciation, enthusiasm and
\support. Instead, sometimes the way the science is taught brings misunder-

standing, frustration, and mistrust of science and technology.

" Real problems—the products of technology—provide numerous exciting
applications of mathematics and science. The examination of these problems
can motivate students to take and continue in mathematics and science. When
technology is used to introduce scientific thinking, it will ‘appeal to the student
as more interesting and relevant, and hence be a motivator. The mathematics
and science education now offered to our young people. could be greatly °
enriched if we were to incorporate a technological content.

In precollege programs, engineering has been most closely associated
with vocational education, and that view can no longér be perpetuated. The
teaching of technology should be linked with basic mathematics and science
education. It will create a more enriching intellectual experience for the student
who is trying to cope with technology. The powerful potential of engineering
ideas should be a part of everyone’s education.

4. DEFINITION OF TERMS

To place the work of the group in context, definitions were sought for boih
technological literacy and technology. The wording varied widely, but most
definitions offered led in the same direction. The statements given here are
serviceable, and reflect.a synthesis of the thoughts of many workshop
participants.

Technology consists of the tools, devices, and techniques that have been
created to implement ideas borne of science and engineering. Technology
exists to manage and modify the physical and biological world in a
constructive way and relies on a foundation of mathematics. Technologlcal
systems result from engineering design and development.
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Technological literacy is the possession of a reasonable understanding of
-the behavior of technological systems and requires knowledge of scientific
and mathematical concepts. Along with this must go an understanding of
certain underlying concepts that are unique to engincering.
People must understand the limitations as well as the capabilities of
emerging technologies. The technologically lite ate person should have a
sense of what technology can and cannot do. He or she should not believe
that technology can solve all ills, nor that technology is responsible for
most problems. ,

Contributing to technological literacy is an understanding of: (i) the
historical role of technology in human development, (2) the relationship
between technological decisions and human values, (3) the benefits and
risks of choosing among technologies, (4) the changes occurring in current
technology, and (5) an understanding of technology assessmerit as a
method for influencing the choice of future technologies.

As is true of literacy'in any subject, technological literacy exists on a
continuum. Different persons exhibit different levels of competency and under-
standing. Our curricular developments and training in technology needto foster
the comprehensive understanding indicated above.

5. TECHNOELOGY AT THE PRECOLLEGE LEVEL

The workshop participants began with a predisposition that technology is, in
fact, a necessary part of the precollege experience for young people. Yet there
was disclfssidn on the reasoning behind that starting point. There were several
fundamental reasons stated for teaching technology in an effort to develop
technological literacy. These form the rationale for increased efforts toward
teacher education, curriculum development, and other related activities.

Rationale for Learhing ’Ibchnology at the Precollege Level:

L. People must know about technology in order to improve the quality of
many personal and professional technology-based decisions.

2. Technological literacy prepares individuals for intelligent participation
as informed citizens in the transition from an industrialized society to a
post-industrialized service and information age.

3. Technological literacy will engourage greater participation by individu-
als in shaping public policy, which often involves the use of sophisti-
cated technology. It will tend to encourage civic responsibility and
overcome voter totpidity, which can arise out of a lack of understandlm
of new technologies.

The intent is to strengthen young people early with the awareness and
flexibility that comes with technologlcal literacy.

¢
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6. RECOMMENDATION:;

Workshop participants ' d detaile.! discussions oves a, nne-and-a-haif day
period. The$e were accompanied by several foimal presentations. The purpose
of this report is to distill thesc A3 ussions ino a set of recommendations to.be
considered by the NSB Commiizston, as wei' as by educators who are strengly
involved in science and nisthematics edu| 1on. These r:commendations are
presented in the follo -3z s2ven sub-sew:’ s, and are broken out in isolated
categories. The reade s «he!d readize i degree to which many of these
recommendations overizp Techno). gy must be approached by the entire
school, by agencies thw work v a the scheols, and by the family. This
highlights the presumpt:.n that te: iology education should be regarded as
fundamental for all you 3 peoplg. ,

A. Curricylum Revisicrs

Technology education can be inumduced into the schools in a variety of
ways. The following repasent aspu ts of wehnology educution that affect the
“umculum offered.

L. Technology topics 1. =d to ve iniegrated into the present curriculum.
This includes sc'2uc and n-athe:natics classes, industrial arts, §001al
studies and the language aris, and art and music.

2. When designing hc- < to best infuse technolegy into the curric ulum

~ think in terms of i average student in the early grades. Then offer a
‘specialized curriculam in the last twe years of high school for the
college-bornd swadeis.

3. Integrate new units into existing courses of sizdy in secondary school.
The key i to develop technology-bused mnaterials that can be matched
properly tc what the students we already being taught.

4. It is reccommended that a course be developed for use -at the eighth or
_ninth grade level. This would be an introduction to technology and
tzchnolcgical reasoning, and would be either offered in lieu of or in
conjunciion wich the normal general science.course. This sequence
would move the 3-2-2 program proposed at the science workshop to
grades !0 to 12 making possible the objective of requiring science
through grade 7.

5. The fcllowing material is recommended as an outline for what ought to
be covered in any precollege instruction on technology. It is only a
partial outline, representing some principal subjects that students must
deal with regularly. ' '

a. Technological Systems
Students should have an vpportunity to examine:

Communications
Energy Production and Conservation
Transportation
Shelter
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Food Production

Health Care Delivery

Safety

Residential Use of Space
Resource Management
Biotechnology

Computers and Their Applications
Nuclear issues

b. Concepts
Students should have some education in:

Problem formulation and solving

Debugging a problem

Discovering alternative solutions to problems
Making connections between theory and practice
Pattern recognition

Engineering approaches to problems—Evaluating trade-offs
Probability/ Approximatior/Examination

Building and testing of equipment

Examining trade-offs and risk analysis
Economic decisionmaking

Feedback and stabiliry

Recognizing orders of magnitude

Topics in the Man Made World teit, which was supported by the National
Science Foundation, should be examined and relevant topics be prepared for the
general student. The Man Made World was created with college-bound science
students in mind. The materia! is worthwhile, and needs to be communicated to
younger students who may no be college-beund. These technical/people/

environmental mini-courses represent a pilot effort to reach the noncollege-
bound. .

c. Learning Objectives

1. Examine the personal and societal impacts of technology; the effects
technology has on an individual as citizen and censumer. -

2. Gain a knowledge of interactions of society and the environment
using technologica! problems and their solutions as practical
exampies.

3. Develop confidence in the ability to analyze a problem.

4. Learn practical uses of mathematics through relevant problem-
solving. :

5. Secure a sense of what is possible and not possible through science
and engineering; a grounding in reality. ~

6. Obtain the ability to communicate a solution ofa problem to other
persons, both orally and in writing.
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7. Experience an awareness of the joy of learning about technology and
the vnderlying curiosity that advances technology.

6. Technology should be used as a way of unifying the teaching of
science at the secondary level. Students in secondary schools usually
learn concepts and skills in a fragmented and discipline-based en-
vironment, evolving from tracition more than from student success.
Students seldom become involved in the search for solutions of real
problems.

7. There should be a de-emphasis on lectures in favor of activities in
problem solving, modeling, estimating, probability, and statistics.
The ISIS and NC'D applied science and mathematics modules are
examples of an attempt to do this.

8. Courses that resuit from the integration of technology into the existing
curriculum need to be quite strong. There needs to be greater empha-
sis on student performance, and a broader core. of requirements in
order to graduate from high school. For example, there shouldsbe no
substitute for algebra in high school; it should be a requirement.

9. There needs to be an effective dissemination of existing curriculum
projects. Many valuable tools already exist in technology education,
but have been poorly distributed to the teaching community. This
ought to be taken into account before new curriculum materials are
devloped. '

10. The curriculum projects not yet completed within the__National Sci-
ence Foundation should be evaluated, and certain of them completed.
This would add to the poci of available materials at minimal cost.

I'1. Career education needs to be introduced early in the student’s school-
ing and should also be integrated into existing science and mathema-
tics curricula. (See Section E of this report.) An abundance of career
education material exists, thus, it would be easy to begin introduction
immediately.

There is a significant need to be concemed with implementation strategies
prior to the development of new curriculum materials. There could be faculty
opposition o changing or possibly “diluting™ traditional mathcmatics and
sclence courses with content in technology or material on career c:iucation. Yot
the appication of technology to other subject areas (English, scv:.:} studies, et
aly may encourage the science and mathematics faculty to cmbrace it as well in
their classrooms.

B. Support Systems

Beyond the cur.iculum itself, there are a number of structures that can
support teacher attempts to bring technolo, y into the classroom. The following
recommendations are meant to ensu’. the successful introduction of
technology.

I. Technology as a content arca should be integrated into preservice and
inservice education of all tecachers. A minimum understanding of :
technological concepts should also be a prerequisite for certification.
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The value of summer study institutes for teachcrs bas been well
documented. These have not been offered regulariy in technology.
Summer institutes in engineering concepts and applied science
shozld be sponsored for precollege teachers by the National Science
Foundation.

Summer programs for precollege student: should also focus on
technology. There is need for additional si::nmer institutes in which
bright high school and middle school students are introduced to
technology. Summer sessions either conducted or coordinated by
JETS could serve as models.

. There are many youth-serving programs in the area of science and

technology that receive little public recognition. Many are regional,
yet some are national in scope. These successful student programs
need replication and transportation to additional schools and students.

Club activities have a long-standing success rate for interesting stu-
dents in academic areas and for encouraging high academic perfor-
mance. Club participation in technology should be encouraged,
where the possibilities for hands-on activities are numerous. Engi-
neering « e:sign contests lend themselves well to student clubs. There
are severz! 2xisting models for club participation; i.e., JETS, Na-
ticnal Honovs, Mu Alpha Theta, etc.

Science and mathematics departments should look to the Industrial
Arts teacher as a resource in the incorporation of technology into
many parts ¢f the student’s work. Work in Industrial Arts can provide
sceriie hands-on approaches to technology, especially when related to
nathcmatics and science.

Additional research is required in the cognitive sciences to measure
the performance and achievement of students “in science and
rathematics.

. Enormous resources are available to teachers and students in the local

chapters of engineering professional societies. The society members
are usually willing and able to work with students and to advise them,
if a specific approach is made to the chapter. Greater communication
is recommended, beginning with professional societies actively ap-
proaching the local school system and responding promptly to their
requests. : ' '

Secondary and middle schools with the most successful students in
mathematics and science are usually in close communication and
cooperation with area universities. Connection with the colleges of
engineering is more limited. It is recommended that schools rely
more on the area college of engineering as a resource for professionals
and ideas.

There is a need for an oversight group such as NSF’s Science Educa- -
tion office, to concem itself with issues in science, mathematics, and
technology education on an ongoing basis and to monitor the imple-
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mentation of ac “v . ;ommended by the NSB Commission. An
oversight grout: .« niake available the wealth of material that exists
on education in tecarnology (regional programs, curriculum modules,
etc. ).

An ongoing partnership is needed between engineers, college level educa-
tors, and industrialists with those responsible for precollege curriculum and
teachers in order to make progress toward true implementation of technology in
e ciassroom. '

11. Since the inadequate preparation of students in mathematics, science,
and technology has been identified as a “crisis” of national propor-
tion, we need to embark on an ambitious campaign with specific goals
for our young people. There needs to be an organizational structure
that centralizes much of the planning and development of training and
materiais. Structure and focus are required if there is to be any
meanirgful progress. To this end, we support the proposals advanced
in the science workshop.

12. Work with political structures and local school boards is needed to
* have them realize the importance of technology education and to
solicit their help in making change possible. :

C. Treatment of Teachers

There are a host of issues that affect teacher quality and shortages. The
basic point is that the teacher is the key to successful and lasting education for
students. The teacher carries out plans and changes that are suggested for the
educational enterprisc. Hence, much of our effort must be directed toward
improving the treatment of teachers and improving the environment within
which teachers perform their professional task.

T introduction of technology as a legitimate.part of the curriculum is
suggested now at a very difficult time for teachers and the schools. We must.
therefore, work at solutions to teacher stress as we strengthen mathematics and
science instruction. N :

We recommend focusing on four principal themes:

1. Curriculum development is an empty enterprise without sufficiently
well-paid faculty in schools. Many of the above recommendations il
be ineffective, if quality teachers are not better paid and given incen-
tives to stay in teaching. A pay scale including merit factors should be
developed and used.

2. Teachers already in the schools and in-coming teachers must be offered
a substantive education in technical disciplines. They canriot be ex-
pected to pick it up on their own time, nor should it be difficult for them
to obtain.

3. Teacher unions need to be brought into the process of innovation. They
have a significant control over the teaching enterprise and, so, must be
considered a partner.
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4. To ensure the place of technology in the classrooii, school boards need
to be shown the value of science and technology in the school curricu-
lum. They are the source of funding and approval for any teacher
innovation that is to be encouraged from the outside.

~ Extensive reporting has been done on current teacher shortages. The
reader is directed to the work of the National Science Teachers Association on
this subject. Resolution of teacher shortages in science and mathematics is
critical to the successful introduction of technology into the precollege
curriculum.

D. Approaches 1o Technology in the Schools

Since technology is a set of tools for students to use, it is important that all
students have a positive experience throughout their school years, from grades
K through 12. We recommend that technology education be given attention
throughout the precollege years with both the amount of coverage and the
complexity of the examples used increasing as the student approaches high
school graduation.

Because technology affi-ci, all facets of society, ideas related to technology
should be introduced in all appropriate subject areas. There is a need for
technological concepts to pervade the entire precollege curriculum.

1. Grade K through Efc.x nizry Yo uo

As early as practical stidents <ho +d become aware of the impacts of
technology on their lives. T+ rov~" ralevaitt xamples and hands-on technologi-
cal ~ctivities, stress should be ¢* .t on the importance of modern technology.
[ is au 504} time to foster respect for humanity and o develop a sense of
stewardaiip of the planet. ’

Suwr . chess vears there needs to be considerable attention given to
dueloping the mathematical skills of students. They should gain a strong
groan:iing in arithmetic as a foundation for future use of mathematics as a tool.
Reading can be a method of incorporating science and technology into a young
person’s school day. There should be opportunittes in reading lessons to learn
about individuals in science and technology as well as sitnple conter:. material.
Science can beit be introduced as ““applied science,” which is technology.

2. Middle 5 . .. Years

It is in the mi? Jle school/junior high school ycars that much should be
done to improve the eventual technological literacy of a young person. We can
use techr- ;iogy as a way of introducing the individual disciplines of mathematics
and science. Technology can make education in these years more interesting,
relevant, and stimulating than current coursework. It can be used to stimulate
students to a greater interest in mathematics and science.

Technology can tum students on in the early grades and motivate them to
assert themselves in these middle years. Often when pure scierce is introduced
on its own studen:s are turned off, and it is very difficult to interest them again in
scientific subjects. In this age the study of technology can take advantage of an
adolescent’s natural curiosity of the world around him/her. :
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During middle school years we should emphasize oral and written com-
municative skills. The mathematics curriculum should concentrate on the
practical applications of mathematics showing students that mathematics is a
uscful tool. '

This is an appropriaic time to cover subjects in technology in more detail,
rather than waiting until the last year of high school. Hence, we recomn:end that
eighth or ninth grade be used to offer an introduction tc a technology course.
This should not follow the same pattern as the Man Made World curriculum,
which was for older students. Rather it should be designed to be useful to all
students ubout to begin their high school sequence.

3. Secondary School Years

In the high school years we need to further strengthen the oral and written
- communicative skills of all students as they begin to depend more on these skills
outside the classroom. Also during these four years we we should have students
examine technological systems, which make up their world (health care,
transportat:on, energy, communications, etc.). A whole range of skil's and
concepts should be incorporated into the mathematics and science curticuium
so tha! students could better appreciate numerous technological systems. (Sec-
tions 5a and b above present a partial listing of systems and concepts for
students.)

This is the time ’‘uring which students, who are most interested in
technology, shouid be <. couraged to participate in club activities in sciences
and technology. JETS c*apters can serve this end.

The development of problem solving skills should be a fundamental goal
in precollege education. This provides further rationule for early introduction to
technology. This earlv introduction to technolc . giving examples of real
problems, can develop these importantskliz. Tiisis problem solving as used to
advance technology.

By this time students should have a :0od command of mathematics and
should be using microcomputers as tools for other covrsewark. It is sugpgested
that students become familiar with word-processor sofiware usage, because this
skill will be very helpful in their later work.

Competency in- matiiematics and scic-ice is important for both college-
oound and noncollege-bound students. Hence, schools should adopt higher
‘minimuii standards in science and mathematics than are presently the norm for
graduation from high school. This will give a greater advantage in the market
place to students who are noncollege-bound.

All st dents require equal access to education in technology, and one of
our goals is to provide all graduates with a knowledge of basic skills. Special
attention must be given to students completing their formal education with high
‘school. Drawing from the curricular recommendations of this report, schools
and teachers need to be sensitive to providing strong exit skills in technology.
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E. Career Education

Career information for students in most fields—including science, mathe-
matics, and engineering—is now inadequate. Career information should be
introduced earlier—even as early as elementary school when students are
forming attitudes toward education and the world. It should then be repeated and
expanded. in the middle scheol. This will help students make knowledgeable
decisions about their next level of education and their carcer paths. They will
then be able to choose their high school courses more n:tciligently. Forexample,
if students are made aware of the need for strong precollege preparation in
mathematics as an entry requirement for many technical job paths, they will not
close off their options unknowingly.

Career education makes imorc sense if it is related to things that students
_ are currently learning in ctass. information can be included along with subject
matter in the entire curriculum oftcred.

Students must neither be given unrealistic expectations nor tracked into a
career path too early so that other options either become difficult for them or are
denied. By providing career information early, however, we can ensure that
studen.s realize the education and training that is required for certain career
paths. The emphasis should be on the flexibility of career choice that comes with
a strong background in mathematics, science, and technology.

E Computer Use in Learning Environments

Although the computer is far from reaching its true potential as a learning
tool, it should become an important part of today’s educational scene. One
beauty of the computer is that it can be used to introduce young people to
technology through well-prepared software, and through its use studer:ts would
be interacting with technology itself.

There is a call for computer literacy, yet this should be regarded as but one
aspect of a fuller technological literacy. The coniputer is but one of many
expanding modern technologies. Microcomputer-based leaming should be used
to help students become muore literate in many areas of technology.

There have been references made to computer education in both the
mathematics o+~ science workshop reports to the NSB Commission. In the -
context of tocl..logy education, participants at this workshop supported the
recommendaticns of the prior twe workshops and advanced several of their own
recommendati-ns regarding the use of computers as a teaching tool.

I. For the most part the hardware is in place, but quality software is not.
There is a significant need for educational software (courseware) which
will encourage effective use of computers in the classroom. The
National Science\Foundation should consider funding promising

" courseware developments. -

2. Softwsre and curriculum should be developed in unison. Much of the
present difficulty lies in software that has becen poorly adapted to
existing curricula.



3. Quality computer-based courseware should be available in all learning
environments—the home, libraries, community centers, as well as in
the schools. The growth of personal computer sales must be matched
by the development of educational software, which can be used in the
environments where young people live.

4. A prime reason for the slow introduction of computers into schools is
the unfamiliarity of cachers with these tools. Immediate training is
required for teachers, and this should be subsidized to make it readily -
accessible to teachers of all grade levels and economic areas.

5. For the use of computers to be effective with students in the schools
there needs to be an appropriate classroom environment for their work.
It is recommended that lecture/laboratory, arrangements with enough
available hardware for every student to have sufficient access to an
input/output device be provided. It is very helpful for the instructor to
have an interactive capability with each student terminal. This allows
for software development or testing with the confidence that student
acceptance or rejection of the curriculum is rot based on frustration
with work space or hardware.

6. Students should learn to use computers as an aid to further learning.
The computer should be used as an insiructional ool for: (a) manage-
ment of instruction, (b) drill and practice, (c).:utorial learning; (d)
problem solving, (e) simulation, (f) creation of microworlds (as in tiic
-LOGO language).

7. The use of the computer by the student should, as with any educational
technology, become a routine task.

8. Schools need guidance to avoid the indiscriminate purchase of hard-
ware and softwarc. This help could come from either federal agencies
charged with education or from engineering societies.

The existence of the computer, and its ready availability in the classroom,
may weli be the greatest stimulus for the development of new curricula for the
schools. It is hoped that this wiil p:ovide an opportunity, in niany cases, to
introduce broader issues »f technology to students.

The computer may serve as a strong unifier within the school. Use of the
computer will spawn creativity for the above avcrage student, and will act as a
tool to improve the performance of the average studeat. The two groups come
together in using a single technology. .

7. CONCLUSION

Our goal is to vetter introduce young people to technology and i:

society prior to their graduation from high school. This should mak:

citizens and consumers and stimulate them to the learning of ¢
mathematics. Yet there must be recognition by society that tec

literacy is fundamental in order for the schools to embrace it and then expe. . «t of
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students. This recognition will take time to appear, and what we introduce now
as new initiatives may take several decades to implement fully.

The school system K-12 reflects the interests and desires of society. As
technology changes, our understanding of it, as a society, will depend on our
ahility to teach clear thinking skills and problem solving procedures to our

young people.

The study of technological systems should be used as a basis for providing
integrated and holistic learning. This is our reason for suggesting that all
academic departments be involved. We cannot afford to repeat the mistakes of
the past. If we are to embark on this revitalization of the secondary school and
middle school experience, it must be a task that intimately involves the students,
faculty, and staff of these institutions. Too much of our curriculum deveiopment
and materials preparation has been done exclusively by individuals in higher
education who have little knowledge of how high schools and middle schools
work. There must be a stronger working relationship between these two groups
to eradicate this unfortunate disassociation of the curriculum from the reality of
the schools. High school people must be involved not just as end users, but also
in the initial stages of planning and organizing the curriculum in technology.

The engineering community needs to work closely “vith leaders in science,
mathematics English, industria! arts, and social studics curriculum develop-
ment to convey the importance of technological content for their work. The
engineering profession must also be called upon to assist in ‘“‘marketing”
technology study to schools and students. It is not just going to happen if the
schools are told to incorporate technology education. Technology is foreign to
the schools and, as a result, they need outside help, which can and should come
from the protession.

Engincering colleges and engineering professional socicties should com-
mit their ‘nstitutions to contributing to the development of technological liter-
acy. The talents of individuals, who have great expertise in science and
technology, Lave to be called upon. These are individuals who are often
unfamiliar with the problenis of the schools. There needs to be considerably
more communication between advanced researchers and the precollege
community.

The need 10 integrate technology into the precollege curriculum gives us
an additional reason to foster partnerships among business, industry, and
education. Collaborative efforts are the only reasonable approach to complex
problems of this sort. Schools cannot achiave rolutions to all of America’s social
probiems, and thus, we need to again focus wieir task on the teaching/learning
process through new partnerships and revitalization.

True learning includes first, a sense of accomplishment and satisfaction,
second, an cxcitement which generaics (urther exploration, and third, a desireto
relate this new ability to other areas. It is our position that the swdy of
technology can stimulate this cycle and foster true learning in science and
mathematics as well. Beyond all practical reasons, we encourage the study of
technology by young people strictly for the simple joy of it and for the great
satisfaction that comes with an understanding of how the world works.
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Fundamentals in Precollege Technology Education

A Workshop on Technological Literacy
18-19 April 1983
United Enginecring Center—New York City

FINAL AGENDA

Monday, 18 April

8:30-9:00
9:00-9:15

9:15-9:30

9:30-9:45

9:45-10:00

10:00-11:30

12:00-1:00
1:15-3:00

Coffee and registration.
Welcoming Remarks:

Dr. Roy Cowin
Executive Dirctor, JETS Inc.

Paul Sullivan, Workshop Dirctor
Associate Director, JETS Inc.

Report on the work of the NSB Commission or Precollege
Education. -
Workshop theme and introduction; statement of purpose:

Dr. John Truxal, Workshop Chairman
Distinguished Teaching Professor, College of Engineering
State University of New York, Stony Brook

Report on previous curriculum eitforts in technology
educaiion: .

Dr. E. Joseph Pi=! Mepartment of Technology & Society
State Universit, York, Stony Brook

Fienary Session.

What should we expect of our high school graduates?

Perspectives from constituent groups; expression of their
needs: ‘

University educators (engineering & liberal arts).
Precollege educators (teachers and administrators).

. Industry as employers.
-Military as employers.

Teacher preparation; schools of education.
Luncheon (Room 110)

Working Groups (rep: + to individuai conference rooms as

_assigned):

Discussion of ine mayes workeh o gu=stions:

1. What shouid be taught”

Concepts intechnology and eiigincari:- ; inat would help to
insure tecirnological literacy among al :wudents.
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3:00-3:15
3:15-4:45

5:00

Tuesday, 19 April

8:30-9:00

9:00-10:0

10;00-—10:30

10:30-11:G¢

IENES ‘1;()0
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2. When should it be taught?
A look at the middle/junior high school years and at the
high school years.

3. Where should it be taught?
Where in the curriculum is there a place for technology
education?

4. How do we reach the ‘‘non-science student™?
What should the message be?

Coffee break.

Reports of the Working Groups, with discussion.

Formulation of recommendations based on thc Working
Groups.

Adjournment.

Coffee will be available at the morning session.

Review of suggested recommendations on technology ed-
ucation (priorities).
Plenary Session.

Computer use in the schools.
How best to introduce young people to computer use.

a) report on the computer recommendations of the pre-
vious NSB Commission workshops.

b) recentexperiences with computer use in the classroom:
individual workshop attendees.

Working Groups. (report to individual conference rooms)
Formulation of recommendations on cornputer use.

v Jorking Groups (continue with same group):
Irhplementation Questions.

1. How best to influence the curriculum to adapt for
technology education.

2. How best to influence the schools to seriously adopt
technology education.

Plenary Session.
Reports of the Working Groups /
Reporiing the results of the workshop:

a) Formalize the workshop recommendatlons to the
Commission.

b) Input from the group on what form our report should
take.
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12:00-12:15  Workshop summﬁry and adjournment.

[:00  Luncheon at the United Nations Delegates’ Dining Room.

Fundamentals in Technology Education—A ttendees

Dr. Joscph Bordogna

University of Pennsylvania

College of Engineering & Applied
Science

Philadelphia PA 19104

Mt Joseph Carlson

Exxon Research & Engineering Co.

P.O. Box 101

Florham Park N.J. 07932

Mr. Willard Cheek
Manager of Education Relations
General Motors Corp.
General Motors Bldg.
Destroit MI 48202

Dr. Oliver Coleman

Lawrence Institute of Technology
21000 West Ten Mile Road
Southfield MI 48075

Mr. Vincent Cusimano ,
Cooperative Continuum of Education
130 Stuyvesant Place

Staten Island NY 10301

Gen. Robert Eaglet
Al: Force Systems Command
Andrews Air Force Base, DC 20334

Robert Faiman

Director of Academic Affairs
Air Force Institute of Technology
WPAFB, Ohio 45433

Dr. Henry Fraze

Untversity of South Florida

School of Engineering

~5%2Z1 17th Lane, No.

St. Petersburg FL 33702

Mt Richard Frazier

High School for Engineering
Professions

2015 Ashgrove Drive

Houston TX 77077
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Asst. Dean of Engineering
University of Central Florii..
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Dr. Robert Hayden
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Ms. Lois Jackson
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Washington DC 7.2

Dr. Fred Johnson
Shelby County Schools
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Dr. Roy Mattson
College of Engineering
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Stevens Institute of Technology
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Department of Education
225 West State Street
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STRATEGY FOR IEEE RESPONSE TO CRISIS IN PRE-
COLLEGE SCIENCE, MATHEMATICS AND
TECHNOLOGY EDUCATION .

The {EEE viéws thé well-documented crisis in pre-college education in science
and mathematics as a vital agendum for the full participation of its member-
ship. Because of the national dimension of the crisis, the Institute believes that
effective and long-term action can be-taken only ir coalition with other
technical and scientific societies and in consonance with the recommend-

" ations of govermental bodies now studying the total dilemma. In this sense,
the Institute pledges to work with the AAES, ASEE and the Coalition for
Education in the Sciences, recently formed by the AAAS to enhance the role

" of professional societies in improving pre-college education, and to follow
the forthcoming Action Plan being developed by the National Science
Board’s Commission on Pre-college Education in Mathematics, Science and
Technology. In the interim, the IEEE EAB will prepare an organizational
plan for involvement of the Institute’s membership at the section level, such
involvernent to include, for example:

® urging local universities and colleges to modify admission require-
ments in order to motivate the pre-college system to respond with
greater emphasis on education in the sciences, mathematics, and com-
munication skills from K through 12.

® Interacting with the boards of local school districts to implement
modification in pre-college curricula consistent with the recommend-
ations of the NSB Commission’s Report.

® Developing IEE Section Awards for excellence in pre-college teaching
of science and mathematics, the purpose being to add professional
dignity to pre-college teachers and to bring these members of the
national team into the professional scientific-engineering community. -

® Recognizing locally and nationally those non-technical leaders of the
community who have exhibited an astute public understanding of
science and technology. ’

Joseph Bordog"a

Description of JETS
JETS is a national , nonprofit organization devoted to the education of secondary
school students in the areas of engineering, technology, and science. Also
~ known as the Junior Engineering Technical Society, JETS has been active for
twenty-five years as the engineering profession’s precollege service
organization. )

Several national programs are administered by the JETS office in New
York, and many others are designed for use at the local level. JETS has an
extensive network of students and teachers involved throughout the country.
JETS activities depend on the work of school teachers, university faculty, and
local engineering societies. Each year about 30, 000 students work withJETS
in one way or another.
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Various publlcatlons and test materials are distributed through JFTu and
they are a good source of career guidance information.

The JETS program is of particular interest to students who enjoy their

. coursework in math and science or who are contemplating career paths in

engineering, math or the sciences. These programs are designed for the high

school student, yet recent efforts by JETS are extending our range to the

middle school years. For these younger students, if there is a distinct interest

in science and math then the activities of the JETS organization can help to -
fulfill their curiosity. :

JETS is supported by the engineering profession 'hrough the professional
engineering societies, and by contributions of colleges of engineering and
industrial corporations.
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REPORT ON EDUCATIONAL TECHNOLOGY

Report from a Conferegce on the Uses of Technology in Education
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EXECUTIVE SUMMARY

The attached document reports on a conference held at the New YorK Institute of
Technology on April 24 and 25, 1983, the purpose of which was to clarify the
issues relating to applications of technology to education. These issues and the
recommendations of the conferees are summarized in the paragraphs beiow.

- Educational Technelogy—Definiiion and Domain

The conferees identified six major technologies which have great potential
for education in mathematics, science, and technology. These are: computers;
educational television; videotex, data bases, and computer-based telecom-
‘munications; video discs; intelligent video discs; and robotics. In addition, the
conferees suggested exploration of combinations of these technologies, and
vigilant attention to new technologies as they emerge, to identify educational
applications.
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Computers are the most widely-considered technology in the current
educational scene. They are used in three separate modes: learning about
computers, the most-widely used application in education; learning through
computers (i.e., drill-and-practice, and tutorial); the most-widely researchsd
area; and learning with computers, the area w1th the most exciting potential for -
computer impact on learning. ; '

Television has a great deal of potentlal for contributing to learning as
demonstrated in the “Nova’” series, **Sesame Street,” and *‘3-2-1 Contact,” as
well as the many college courses offered on TV by colleges.

The remaining technologies considered (as well as others which Just are
emerging, but which were not considered in detail) have great potential for
contribution to learning; however, they all are in exploratory phases of ‘their -
development and have not yet had great impact on education.

Evidence of Effectiveness

Before we as a Nation bring technology into learning environments on a
large scale, we must determine that there is some real vaiue in so doing. The
conferees considered that issue at some lzngth, and found vely strong evidence
that compute //sed"ﬁfthe ““learning-through’’ mode, make significarit contri-
butions to the'learning experiences ef children in a variety of disciplines, and
that, even though there is much less evidence in these areas of application,
computers used in the *“learning-about” and “learning-with” modes have a
great deal to offer educators and students as well.

The publlshed evidence on educational impact of television also is very
strongly favorable especially when it is accompanied by well- developed sup-
port documentatlon for teachers and students. "

Unfortunate] y, the other technologies considered are so new, at least in
education, that there is no published evidence of effectiveness. There only is
anecdotal ev1denee in these areas.

Quality Courseware

The conferees identified several problems related to courseware. These
are:

l. The overall quality of existing courseware is very low. There are
outstanding materials, but their proportions are small.

2. There is a serious problem of identifying, training, and rewarding
people with talent in this area.

3. The investment cost to develop an adequate base of quality computer
courseware in mathematics, science, and technology for the Nation’s
K—-12 schools is about $60 million, an amount beyond the levels
publishers can justify. o

4. There is a sericus problem of obtaining reviews of courseware (compu-
ter programs, ﬁlms and video tapes and discs).
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Microcomputers in Informal Learning Envircnments

Informal learning environments have scveral advantages over shools,
including-access by everyone in the community, and creation of a nonjudgmen-
tal climate without the time constraints of more formal environments.

_ Informal iearning environments include participatory museums like the
~ Capital Children’s Museum in Washirigton, community-based centers like
Playing To Win in New York and ComnputerTown USA in Menlo Park, Califor-
nia, andpeople’s homes. The home may be the most powerful influence of all
these. It will be necessary for educators to develop ways of taking advantage of
home computers and of developing cooperative relationships with parents in
acquisition of hardware and courseware.

Home -computers raise aiiother important issue for the Natlon——that of
equity. Not every nome wild have computers. We must develop ways of ensuring
equality of access across socioeconomic boundaries.

Promising Future Directions*

The conferees identified several application areas for computers, includ-
ing: “intelligent” drill-and-practicé; simulations as developers of procedural
skills; embedded and adaptive testing; computer—controlled v1deo discs; and
computers as intellectual tools. »

Problem areas identified included: identification of new school structures
to accommodate the new technologies; development of incentives for creative
developers and recruitment of courseware authors.

Major Recommendations

The conferees compiled a list of 28 recommendations for the’ Commission.
Of these, the following are the most important:

1. Qverall, the conferees see an important role for technology inenriching
‘the educational experiences of all children, and urge the Commission to
endorse vigorous pursuit of its application to the improvement of
education at all levels.

2. The most critical need is to train teachers, administrators, and parents
in the uses of techriology in the education of children.

3. The conferees urge the Commission to support the Downey Bill (H.R.
1134) to provide the support structures educators need.

4. The Nation must find ways of providing equalii:’ of access to the
advantages of technology to all children. :

5. The Federal Government has a crucial role in establishing educational
technology. This includes-investing venture capital in development,
coordination among the states, and establishing long-term evaluation
programs.

6. Business and the military benefit from the products of our educational

system, but must invest in overcoming its deficiencies when they exist.
Ways must be found to bring these two groups into the development
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program along with the Federal and state governments, and the educa-
tional system.

L. INTRODUCTION

At the request of the Commission on Precollege Education in Mathematics,
Science, and Technology, a conference was held at the New York Institute of
Technology on April 24 and 25, 1983. The broad purpose of the conference was
to prepare a set of recommendations for the Commission that would contribute
to the achievement of its goals. The list of attenidees and others who contributed
to the development of the conference are listed in Appendix A.
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* The conferees considered six major topics during the meeting:
1.

Definition of educational technology (in the broadest terms) and its
sphere of application in education in mathematics, science, and

i

technology. /
Gathering of evidence of the effectiveness of educational technology.

Identification of examples of high-quality courseware.

4. Promising future directions for the development of applications of

technology in education.

Identification of nonschool environments in which educational tech-
nology can contribute to the education of children in mathematics,
science, and technology. -~

Identification of the responsibilities of the several_elements of our
society in developing the potential of educational technclogy. -

, Before we consider specific recommendations, there are several general
observations hat should be made:

1.

Educationai icchnology is not considered by the conferees to be a
panacea for all the problems of our educational system, but it can
contribute SIgmﬁcantly to its improvement.

The book was bom in the fifteenth century, but did not ‘impact the
education of the masses until the nmeteegth cemury Even then,
penctiated very slowly. We had a great "deal of time to develop a
structure within Wthh to use the ‘book.

Technology, on the other hand has played a serious role in
education only within the past three decades, and the computer only for
the past two. The pace of d:zvelopment has been breath-taking and has
occurred so rapldly that there has been little time to assimilate technol-
ogy into the system. This pace (an accelerating one) must be consid-
ered in any plans to take advantage of educational technology. Toffler’s
Future Shock is nowhere more evident than in education.

ComputerS are entering our homes at a rapid rate. For good orill, their
existence will have an impact on our educationai system.
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4. There is an increasing gulf betv een the “haves” and the ““have nots” in
access to technology. This gulf must be minimized in any comprehen-
sive plan for improving our educational system.

5. Many people still think of computers in.the same way now as th°y did
in 1968. New capabilities require new thmk/mg' ‘

6. The educational establishment (teachers and administrators ahke) re-
sist change with great vigor. Waterman, for example, developed the
fountain pen in 1880—yet, in the late 1950s, there still were schools
which used ink wells and dip pens! Such conservatism must be
overcome if innovative techniques are to su_rv1ve in the system.

II. EDUCATIONAL TECHNOLOGY——DEFINITION AND
DOMAIN <

A. Definition LT

-
T

Educational techriglogy, as a term, must be defined if we are to discuss how
educational technology can help our students to improve their understandmg of -
mathematics, science and technology.

We propose the following definition:

e “Educatxonal technology is any technology that is used to
create or improve leammg environments.”

There are a number of technologles -that have been used within this
contexi. They include:

1. Computers which are the cu/rrently dominant technology in education.
We include here both microcomputers and maln-ere computers—
although, as the capabilities of mlcrocomputers increase, the distinc-
tions between the two will blur.

N

. TeleVIsmn Even though it has been charactemed as a “‘wasteland,”

has been used effectively in many circumstances.

3. Satellite communication systems that permit delivery of educational
materials to large numbers of people over widely scattered areas. Itis
especially important in sparsely settled regions. e

4. Telecommunications is yel‘éﬁve newcomer to educational technology,

but holds a great deal of promise, espeCIally in distance-learning

situations.

5. The videodiscis a relatively new, but potentially very valuable technol-
ogy in education. It has similaritics to television, but there also are
i ... important distinctions between the two that must be made.

6. Intelligent v1deod1sc\systems the term coined by Dr. Alfred Bork, are
used to identify syste“ms in which microcomputers and videodisc
systems are combined to" ‘create gomrfu]_leaﬂlmg_enmronment\

7. Videotex and database systems are also 1mportant technologies.
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B. The Computer

The computer is the most versatlle of the technologies identified in Section A. It
has the distinction compared to other technologies that it is a highly interactive
medium. We shall describe briefly here the ways in which computers have been
used to create learning environments:

1. Leaming About Computers

Prdbably the widest use of the computer in our schools is in teaching
programming. This application is important for several reasons:

a. -

Programming ability is a marketable skill. Many jobs in the future will
require some level of skill at programming.

It encourages students to think algorithmically and develops problem-
solving skills.

It strengthens intellectual developmeat of the learner.

The process has been likened to teaching. Many teachers are aware
that to really learn a subject one must teach it. Programming a
computer is similar to “teaching” the computer how to solve the
problem being addressed. The process requires that the student (i.e.,
the “‘teacher”) understand the subject and the solution technique.

Learning programming develops procedural thinking skills—skills
that are important in our 5001ety, but that are poorly developed in most
school settings.

2. Learning Through Computers

The major focus of research and development in educational computmg
(measured in effort and dollars spent) has been on drill-and-practice, diagnostic
testing, and question-and-answer tutorlals This mode of computer use has
_several attractions: '

a.

£

There is a borly of research attesting to the effectiveness of this mode of
learning compared to conventional instruction.

Its familiarity to teachers, administrators, and the public make it easy
to assimilate into the system.

With authdring languages like PILOT, teachers are able to develop
their own learning materials with relative ease, permlttmg them to

tailor the material to the needs of their students and giving them the
feeling of control and ‘‘ownership.”

The cost of developing materials in this mode is moderate.

Because it involves a one-on-one relation between the student and the
computer and because there is little need for teacher intervention
during a lesson, this mode is well-suited to home-based learning.

It permits each student to learn at her/his own pace.

One caution is in order at this point. Learning through the computer is a
computer-controlled learning mode as compared with learning with the compu-
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ter as described in the next section. Concerns have been expressed that, in our
pluralistic society, poor children will learn under the control of the computer,
while those in well-to-do areas will learn to control computers. This does not
mean that this mode is not useful in fostering learning; however, it must be used
carefuily as a part of a total approach in every school system.

3. Learning with Computers

The most promiising use of computers in learning environments, both
formal and informal, is the use of the computer as a tool of instruction and an
environment within which learning can occur. :

This mode is the least developed of the three because it is the most
sophisticated and, hence, the most difficult to implement, but it appears hkely
that it will be the most important area in the future.

Matcrials generated for this mode generally are more expensive to produce
becausé they require a wide range of talents and expertise not found in a single
individual; however, they offer rich opportunities for learning of concepts and
procedural skills, as well as development of the student’s intellect.

This mode has several components, including:

a. Microworlds are cybernetic environments within which elements may
be combined according to given rules. These environments permit
students free rein to experiment with the environment, building a
“microworld” and learning about the consequences of the rules, and
developing problem-solving skills. -

b. Educational games take advantage of the interest most of us have in
games to generate exciting learning environments. Sometimes games
are an environment for a drill-and-practice session, which makes that
session more interesting for the student and, thus, increases student
motivation to learn. Sometimes the game creates learning cnviron-
ments that are difficult or impossible to create otherwise.

A largely unexplored example of the latter case is the adventure

game in which the student is placed in a situation that requires -

exploration of the environment (frequently a cave, a castle, or forest),
experimentation, problem solving, and decisionmaking. In addition,
the student develops reading and comprehension skills. Few currently
available adventure games are designed with learning as the principal
objective. Once their potential is uncovered, they will provide rich
learning experiences for students. Even the ones that currently are
available provide such experiences, even though they were not de-
signed with that purpose in the mind of the designer.

c. Microcomputer-based instrumentation (in which the computer is con-
nected to the real world through any one of a variety of transducers and
serves as a data gatherer and processor and as a display generator)
permits students to explore real-world phenomena without being

- overwhelmed by the drudgery often associated with laboratory experi-
ments. Students in these situations will be better able to discover

1u5
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underlying principles. Such an approach permits students to conduct
experiments at a much earlier age than usually is the case.

. Databases that may be accessed by the student through a compuier and
manipulated by the student with the assistance of the computer provide
a totally new rescurce to learning. Already, hundreds of data bases
exist for professionals in many fields. Once students are given access
to these databases, as well as to others especially designed with
students in mind, they will be able to carry out powerful mvest1gat10ns
in many disciplines.

. The computer is a powerful tool for the teacher and for the student in
the study of a variety of disciplines. There are software packages, for
example, that plot graphs of functions specified by the user so that
relationships and properties of these functions may be visualized
easily. Because of its computational power and speed, the computer
allows on-line, interactive displays to be generated without the drudg-
ery usually involved in such activities. With these tools, it is possible
to ask students to explore much larger numbers of functions than is
reasonable by hand.

Other exciting tools available to educators and students include:

I. Word processing, which has been found to generate dramatic
improvements in students’ writing skills and attitudes toward
writing, is being used by innovative sciencé teachers who require
their students to write laboratory reports and to produce science
newsletters.

II. Spread-sheet progfams, which were designed originally for ac-
counting and business-projection purposes, but which are useful
also as general-purpose simulation tools for the study of popula-
tion-dynamics, economic systems, and a wide variety of other -
dynamlc systems.

HI. General-purpose problem-solvers, which permit students to study
phenomena for which they are ready intellectually, but for which
they do not have adequate mathematical preparation.

. - Newer, special-purpose computer languages are becoming
available that permit students to develop their skills in many
ways not previously available. Among these are: LOGO,
which is a learning environment as well as a language:
TUTSIM and Dynamo, which are simulation languages that
make it easy for the user to create her/his own simulations;
and GraFORTH.

We can expeét the introduction of many additional
special-purpose languages to address needs that we perceive
only dimly.

. One of the most versatile applications of the computer is as a
simulator of real-world phenomena. In this mode, the com-
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puter serves as a flexible universe within which any znviron-
ment the teacher desires can be created. Systems that are
inaccessible to the student because of danger, equipment
cost, complexity, time scale, or experimental skill require-
ments become accessible. ,

h. Discovery learning in mathematics is a potentially fruitful,
but largely unexplored application of computers. In this
mode, the computer serves as a laboratory environment
within which the learner can discover the concepts in mathe-
matics that are important. Concepts like limiting processes,
slope, maximum and minimum, functions, addition, and '
subtraction of positive and negative numbers, roots of equa-
tions (to cite just a few) are understandable to students over a
wide range of mathematical abilities.

C. Educational Television

When most people think of using television for education, they think in
terms of commercial TV and are appalled by the thought. This is the commonly-
held view that TV is a “wasteland.” In fact, viewed correctly, TV can make
significant contributions to the education of our children.

“Sesame Street,” “3-2-1 Contact,” and the “NOVA” series on PBS are
just a few examples of outstanding TV-based materials which are available to
educators.

Many colleges and universities in the U.S. are offering courses via TV
(either broadcast or using video tape) to groups of adults, who for one reason or
another, do not take courses in the normal classroom mode. According to a
recently-quoted Roper study, ‘30 million adults say they can’t find the time for
formal studies and are willing to take college credit courses on television and to
pay for them.” As a result, PBS has formed an organization called Adult
Learning Service to address this need.

TV Ontario has conducted extensive research and development on educa-
_ tional applications of TV. Among the applications they have identified are:

1. The development of ““lots of good stcries to develop a wide range of -
comprehensive skills.”

2. Development of problem-solving skills in three-to-six-year-olds
through a series called ““Today’s Special.”

3. Development of vocabulary and reading skills in fourth and fifth
gfaders through a series called “Read All About It.”

4. Teaching of concepts of physics to middle-school children through a
program entitled “‘Eureka!”

5. Teaching of geography in the middle schools using a series called
“North America: Growth of a Continent.”
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6. Captioned TV programs for deaf and hearing-impaired students.
7. Improving skill in a foreign language. -

All of these courses were designed to be used in the classroom as well as in
the broadcast mode at home. In each case, the TV series was supplemented by
teacher and student booklets.

Durmg the Summer of 1983, PBS will be runnmg a series called ‘‘Reading
Rainbow”’ using well- known TV personalities reading some of the best books in
literature for children. The series is aimed at six-to- n1ne~year-olds

Television has been used successfully since 1964 (when the University of
Florida started delivering -graduate electrical-engineering course work to engi-
neers at Cape Kennedy) to deliver graduate instruction in engineering. Success-
ful live microwave delivery of instruction is being carried out at, e.g., Stanford
University, Purdue University, and Illinois Institute of Technology; while video-
tape is being used at, e.g., Colorado State University, University of Arizona,
Georgia Institute of Technology, and the University of Idaho.

It is clear that production of a high-quality educational TV series is
expensive, and requires spreading the cost over large groups of students;

however, there is no doubt that TV, properly applied, can provide arich variety -

of learning experiences which are unavailable to students through more con-
ventional means (textbooks and lectures). This is especially true in elementary
school and middle school science courses.

E. Videotex, Databases, and Comput_er-Based Telecemmunication

Videotex and computer-based telecommurication are techniques that use
the same technology, but in very different ways. Both consist essentially of a
large central computer that may be accessed from any one of a large number of
remotely located microcomputers or computer terminals. In both cases, the user -
at her/his terminal interacts with the central computer—this interaction is a
central feature of the system, in both cases. The two systems differ significantly
. in the character of the interaction between users and the central computer. Both
systems have great potential-for education, and both-will be described briefly in
the paragraph&below :

1. vV1deotex

The essential features of a videotex system are the availability to the user of

a wide variety of databases and the intimacy of the interaction between the user

and those databases. . B

Typical of commercially-available videotex systems are ConipuServe and

The Source. In these systems, the user may access databases containing

1nformat101Lon~ﬁnanc1al matters, current news items in great depth, legislative

" matters at state and federal levels, demographic data, consumer-oriented ““cata-

logs,” and on a great variety of scientific disciplines. One can imagine that the

videotex system will replace the encyclopedia as the information source of the

~ future for students at all levels. It has the enormous advantage, over printed
encyclopedias, that it can be kept current on 2 moment-by-moment basis.
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" 2. Computer-Based Telecommunication

Computer-based telecommunication, although similar to videotex in the
hardware that it uses, is very different conceptually from videotex. In this mode,
the computer serves principally as a communications channei betweei two
people, or among the members of a company, members of professxonal oganiza-
tions, teachers, administrators, etc. :

The power and storage capacity of the computer are used to facilitate and
enhance the intercommunication that goes on among the participants. The
power of the computer is used to permit the users to do on-line editing through
resident word processors and to do filing and retrieving of mformatx A in
complex and flexible ways.

The storage capacity of modern computers penmts mtercommumcatlon

- among the members of a group in an-asynchronous manner, i.e., two people

who wish to discuss some matter may do so even if they are not at the

communication system at the same time. In that sense, telecommunication is

similar to communication by mail, although the transmission time of a message

is measured in seconds rather than in days, and access and retrieval of informa-
tion is dramatically easier

Telecommunication systemns are potentially useful in educatlon because
they permit “‘education at a distance.” New York Institute of Technology, for
example, offers several courses in which telecommunication-is an important
component to students whose schedules do not permit them to come to the
campus for conventional classes. The students and instructor are linked together
through the school’s telecommunication system and discuss points that need
clarification, as well as administrative aspecis of the course. In addition, the
instructor is able to transmit new information to the class as it is gengrated, as
well as to share with the entire class the work of a student who has done a
noteworthy paper. ‘

Such a vehicle has clear implications for educational situations wherever
students cannot attend classes iri a central location. There are at least two classes
of circumstances where this is the case: in sparsely populated areas of the United
States where it is economically difficult to bring students to the teacher; and in
disciplines where there are few experts. In the latter application, the experiise
that exists can be made available to people over an unlimited geographical
region. The training of teachers in uses of the various educational technologies
and in modemn aspects of their disciplines is one important example of remote
instruction by telecommunication at a cost that is within reason.

. An example of this approach to teacher education was cited in a recent
issue (April 25, 1983) of the Department of Education Weekly. A university
professor in Jowa is conducting a course for high school physics teachers who .
participate in their own school laboratories. The professor communicates with
the teachers through a telecommunication system. The implementation is
costing the State of Iowa $30,000 this year for all hardware ‘and materials costs
for 45 schools. Next year it is expected that every hlgh school in the State will be
connected to the system.
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E. Videodisc Systems

A videodisc usually is thought of as a new medium for presenting
television programs, and it certainly is that; however, it is much more. A single
videodisc contains 54,000 frames. These frames can consist of half an hour of
motion sequernces, over 54,000 individual still frames (e.g., 54,000 slides of
biolgical specimens), or any combination of motion and still frames. It also is
possible to run frames in slow or fast motion, if that is desirable pedagogically.
In addition, it is possible to access any frame at random within a few seconds.

The combination of these properties provides the instructional designer
with the opportunity to create a rich environment for the learner.

Despite this potential, the videodisc has not yet penetrated into the
educational system because videodisc players still are relatively expensive and . -
because the production of v_ideodisc programs still is quite difficult. !

Fortunately, these things are changing. As videodisc players become more
popular with the consumer, their price will drop to the point where they will be
affordable by schools, and we can expect that, soon, writeable videodiscs and
inexpensive disc recorders will become available. In the wterim, several groups
in the United States 2re developing demonstration discs to explore the medium.

G. Intelligent Videedisc Systems

Intelligent videodisc systems‘involve.the combination of the strengths of
videodisc systems and those of microcomputers and, in this combination, they
overcome some of the weaknesses of each, : ‘

Videodisc systems permit the display of high-resolution graphic images at
moderate cost, but have the drawback that the available images are fixed in the
medium (the available images have been preselected by the producer of the
disz). The computer, on the other hand, can produce images that respond to the
eeds and wishes of the user, but those images have only limited resolution. In
addition, video-disc images are avallable almost instantaneously, whereas
computer-generated ones take a s"'mﬁcant and sometlmes educationally-
intolerable, time to generate.

Computers have very powerful decmbnmakmg abilities.inherent in their
. structure, whereas videodisc systems have no decision-making ability. By
combining these technologies, the strengths of each can compensate for the
weaknesses of the other to provide an educational env1ronment for the student
which is very rich.

A learning environment that combines:the capabilities of both computers
and videéodisc systems has been called by Dr. Bork of UC Iryine an intelligent
videodisc system. Such systems can provide students with simulations of
enormous power and flexibility. It is possible to conceive of an environment
where a student carries out, for example, a simulation of an ecological study in
which the videodisc component provides images of the flora and fauna #tgnany
locations in a river whose pollution is being studied. The student can look at
pictures of a species of organism under a microscope and compare those from
one location with those from another. By transferring to a computer simulation,
the student can investigate the level of pollution as a function of dumping levels
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and treatment technique and then, with the help of the computer, can go to the
section of the video disc on which images of flora and fauna are shown that exist
under the circumstances the simulation has generated.

Little work has been done yet to exploit the potential of iniciligent
videodisc systems, principally because videodisc systems themselves have not
,'yet become widely available tc schools; however, a few examples of what has
been generated are:

1. The Minnesota Educational Computing Consortium (MECC) econom-
ic courses produced by Dr. Richard Pollak.

2. The WICAT biology disc produced for McGraw-Hill.

3. The package produced by Quentin Carr at the Herkime_r, New York
BOCES on weather instruction.

4. The cardiopulmonary resuscitation program developed by David Hon,
which may help to solve the problem of woefully inadequate numbers
of CPR instructors which currently exists.

H. Robotics

Robotics is a field usually associated with'industry and automation. We
suggest here that there are circumstances in which robots may be useful in
educational settings.

One such application of robots which has gained in popularity along with
the increasing popularity of the LOGO language is the Milton Bradley Big Trak
“toy.” In its conception, Big Trak was indeed a toy; however, imaginative
teachers looking, for a way to make the LOGO screen and its turtle graphics
more concrete and, hence, more comprehensible to their young students, saw in
Big Trak a real-world implementation of the LOGO turtle. Big Trak is a tank
with a built-in microcomputer which can be programmed by young children to
maneuver over a predefined course—in other words, it is a simple robot,
programmable by children! _ \

Advertisements are beginning to appear otf[ermg robots which cost only
about $1,000—not cheap, but beginning to approgch the range of affordability
to schools. Such robots, in the hands of imaginative teachers, can provide
strongly-motivating experiences for high-school students, and can prepare them
- for exciting industrial careers.

I. Conclusion

The technologies described in the foregoing paragraphs represent only
those which currently are in use. They are only the leading edge of the
technological revolution which we are about to witness. Among the tech-
nologies which we now.can predict are: ' ‘ :

J
1. Cellular radio in which local radlo statrons are linked together to cover
large geographic areas.

2. Fiber-optic based communications lmks which will cut communication
costs dramatically.

i~
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3. Enormously increased information storage and retrieval capabilities.
NASA expects, by June 1984, to have available an optical disc storage-
and-retrieval system with a capacity of 10 million bits (10,000 times
that of most current computer systems!). With this system, it is ex-
pected that users will be able to access all the information on line.

4. Within two decades, we can expect satellite firms to provide
22,000-48,000 channels for video, voice, and other communications.

5. There have been predictions that within a decade, most homes will be

wired for two-way communications in much the way of many homesin -

Columbus, Ohio with its Qube System.
6. Low-power TV stations will serve specialized audiences.

7. It has been estimated that the cost of storage of information on disc
dropped below that of paper storage in 1980, and thatby 1990 it will be
only one percent of the cost of paper storage. Such cost figures suggest
dramatic changes in our perceptions of publications in general. Elec-
tronic publishing surely will follow such cost reductions.

Each of these technologies and others which have not yet emerged from the
research laboratories will contribute to the improvement of education in ways
we cannot yet perceive.

Yet another dimension of this picture of educational technology which

must be considered is the design of systems which integrate the individual
technologies into inforriation systems which take advantage of the capabilities
of each to create a whole which is much greater than the sum of its parts.

One exciting example of this (in addition to the intelligent video disc
described above) is the major series on the human brain now in developmentat
WNET/Thirteen, in which the producers are creating a college-level psychol-
ogy course to be offered in association With airing, in 1984, of eight one-hour
programs. The programs will be supplemented by a textbook being written by a
group of leading scientists. In addition, a museum exhibit is planned for major
cities that features an interactive videodisc that will enable visitors to explore
regions of the brain. Excerpts from the series, including animated simulations of
neural transmission, will be distributed to high schools along w1th associated
explanatory materials and microcomputer software.

Clearly, the extent to which technology can contnbute to the education of -
our children is limited only by our 1magmat10ns and our willingness to commit
resources.

(The full report to the Commission also addressed the issues of effective-
ness, qualit_y courseware, informal learning centers and future directions.)
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RESEARCH ON COGNITION AND BEHAVIOR
RELEVANT TO EDUCATION IN MATHEMATICS
| SCIENCE, AND TECHNLOGY |

Report from the Federation of Behavioral, Psychological and Cognitive
Sciences
Prepared by James Greeno, University of Pittsburgh

SUMMARY

This paper summarizes a report based on a hearing organized by the Federation
of Behavioral, Psychological, and Cognitive Sciences for the National Science-
Board Comrnission on Precollege Education in Mathematics, Science. and
Technology. The purpose of the report is to provide the NSB Commission with
information about recent advances in cognitive and behavioral science relevant
to education in mathematics, science and technology, as well as prospective
contributions from these fields if adequate levels of support are available. In this
summary paper we discuss some of the major recent contributions and topics for
further fruitful research that are considered in the full report. :

The need for strengthenirg our nation’s educational programs in mathema-
tics, science, and technology is now recognized by almost everyone. Sigaifi-
cant resources must be directed immediately to reducing the critical shortages of
quatified tcachers of mathematics and science in our elementary and secondary
schools. <

At the same time, some important problems cannot be solved by the use of
current educational methods. A higher level of technical knowledge and skill is
required for productive employment and for effective citizenship than in the
past, and these demands still continue to increase. More effective teaching
materials and methods are needed to provide students with knowledge and skill
for problem solving and reasoning based on scientific, mathematical, and
technological subject matter. Improved understanding of processes of problem

_ solving, comprehension, learning, teaching and testing is needed to guide the
development of new educational resources, including effective use of new
computational technology.

" American education has benefited in fundamental ways from basic re-
search in behavioral and cognitive science. Important examples include be-
havioral task analysis that has been used in formulating objectives for instruc-
tion and testing, as well as psychometric methods used in developing and
evaluating tests-of ability and achievement. Research on these and other topics
continues to provide important empirical and theoretical contributions to our
understanding of educational processes. Recent scientific developments, es-
pecially in the analysis of cognitive processes, have special relevance for
education in mathematics, science and technology. These developments in

-theory and methodology have provided significant new: insights into students’ -
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processes of solving problems and understanding concepts. These findings
provide significant opportunities for development of improved educational
methods in mathematics and science. We are acquiring new capabilities, for
instance, cf diagnosing the specific gaps and errors in students’ understanding of
arithmetic procedures, and of providing individualized assistance to students to
remedy those faults in their understanding. And we have developed knowledge,
communicable to both teachers and students, that can help them grasp the vital
distinction between rote learning and learning with understanding, and help -
students, as well, to monitor the depth of their own understanding of topics they
are studying. Continued scientific investigation based on these recent findings
promises to provide further important knowledge relevant to important educa-
tional questions. ' |

We present brief summaries of some recent findings that illustrate the
relevance of behavioral and cognitive research to education in matiemiat:cs,
science, and technology.

An important topic in recent research has been processes and structures
needed to use and understand formal materials qualitatively. At present, in-
struction in mathematics, science, and technology emphasizes quantitative
procedures and formulas. Formal knowledge alone is inadequate if students are
to be able to solve problems using their scientific or mathematical knowledge, -
* or to achieve correct understanding of the principles represented by the formulas
and procedures that they learn. Scientific study of problem solving, reasoning,
and learning has -provided important new information and theoretical under-
standing of the ways of thinking that are requ1red for successful use and
understanding of formal knowledge.

One form of qualitative cognition involves knowledge used for under-
standing problems. When students are required to solve problems that are
presented with text and diagrams, they must construct representations in their
minds of the information in the problems. We have learned much about
knowledge structures needed to represent problems in physics, in elementary
arithmetic, and in electronics; theoretical representations of these structures
have been developed in the form of schemata and computer mcdels. Research
. has begun to develop instructional methods that can increase students’ skills in
representing problem information, and we already know enough to aid teachers
in discovering how adequate are these skills in individual students.

, Another form of qualitative cognition involves functional understanding
of procedures used in solving problems. Recent research has shown that general |
concepts arid cognitive procedures can be integrated and mutually reinforcing,
and ways in which such integrated knowledge can be produced in instruction are
being investigated. In debates about computational skill and conceptual under-
standing such as those surrounding the “‘new math,” skill and understanding
have been considered as competing alternatives. In the view that is now
emerging from research, there are general functional concepts and principles
corresponding to critical relationships among components of task situations.and
the procedures that are used in the domain. Analyses of these functional

. principles have been provided in elementary arithmetic and high school geome-

try; these analyses have begun to show how understandmg general concepts can
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facilitate learning and performance of correct procedures in addition to provid-
ing meaningful understanding of the procedures. An example is understanding
how goals and subgoals can be generated in the process of searching for
solutions to geometry problems.

Research in the domain of physics has shown that students begin with
significant misconceptions of qualitative conceptions that they apply in under-
stancing physical phenomena. Their intuitive ideas of falling bodies are more
like these of Aristotle than those of Galileo. These tend to persist through
instruction, so that their qualitative understanding of principles is inconsistent
witll the significant principles underlying the formulas they have learned.
Instructional methods are being investigated designed to overcome these intui-
tive misconceptions.

Research also has identified factors that influence students in selectmg
~ourses in mathematics and science, particularly among young women and
members of minority groups. In addition to achievement in previous educa-
tional .experiences, individuals are more likely to continue their mathematics
and science education if they perceive these fields to be relevant to careers that
are available to them, and if they have general interest in *‘things,”” rather than
-primarily in “‘people.”” Contrary to some popular belief, exposure to female role
models in science and mathematics has been found to have little effect on young
women’s decisions to obtain science and mathematics education.

Néeds and Opportunities for Research

As we have just seen, results of recent research can be used now to guide
development of new instructional materials and methods. In the body of this
repor:, we supply examples of new ideas about how to help students build their
interpretations of aigebra word problems and physics text problems. We report
advances that can improve teaching of place-values in arithmetic and help
students overcome erroneous preconceptions in physics. We refer also io
research thiat susgests approaches to diagnostic problem solving. Enough is
known to provide a sound basis for design of instruction to provide improved
skill in representing problem situations and stronger functional understanding of
formal procedures and principles, and to take account of students preconcep-
tions and interests. -

Research findings have shown that knowledge for understanding prob-
lems, functional understanding, and mental models are essential for effective
learning and performance. Better understanding is needed of how these aspects
- of cognitive structure facilitate performance 2nd leamning.

" A great deal is now understoed about knowledge required for solving
problems in individual domains, like those already mentioned, but there are
significant unanswered questions about the kinds of cognitive structures and
processes that enable knowledge acquired in one domain to-be applied-in
another, for example, how knowledge of math is applied in_physics. ‘An
important aspect of this question involves the nature of general skills for
problem solving, reasoning, and learning, and whether cognitive skills with
significant generality can be acquired through instructiqn. ‘Analyses of transfer
in some domains have shown that qualitative understanding of principles can

]
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provide a basis for significant transfer. Research is needed also to identify
instructional materials that provide students with knowledge and skills that they
require for productive employment and meaningful citizenship in an in-
creasingly technological socicty. Progress has been made in understanding
learning of basic components of problem-solving skills. We do not yet under-
stand learning of strategic knowledge for representing problems, and pro-
cedura’ knowledge integrated with functional principles. Principles that are
discovered in these studies of acquisition will be useful in designing-instruc-
tional materials and methods of assessment, which also can take account of
students’ preconceptions and interests related to the subject matter, and exploit
rcsources that are available because of advances in computational technology.

Structures for Support and Application
Recent developments have brought about a significant strengthening of

tics, science, and technology, as nurnerous scientists have turned their attention
to processes of problem solving, reasoning, and learning the specific subject-
matter materials of these fields. Research on problems relevant to education in
mathematics, science, and technology benefits from close collaboration among
behavioral and cognitive scientists, mathematicians and scientists in the fields
being taught, and educators.

An important condition for application of research findings is their com-
munication to teachers. Strong efforts should be made to include up-to-date
scientific knowledge about cognitive and behavioral processes in inservice and -
preservice teacher training programs. Researcii programs in which classroom
teachers participate as collaborative scientists can play an especially- helpful
role, both in informing the research effort by direct acquaintance with the
teaching context and providing the occasion for participating teachers to be-
- come directly familiar with research methods and results.

FOREWORD

This report is based on materials presented at 2 hearing sponsored by the
National Science Board Comimission on Precollege Education in Mathematics,
Science and Technology, held at Pittsburgh on 19-20 December 1982. The
hearing was organized by the Federation-of Behavioral, Psychological, and
Cognitive Sciences at the invitation of the Commission..The following individ-
uals participated in the hearing; '

John Anderson, Carnégie-Mellon University

Thomas Carpenter, University of Wisconsin

Audrey Champagne, University of Pittsburgh.

Susan Chipman, National Institute of Education

John Clemént, University of Massachusetts

Nancy Cole, University of Pittsburgh - ' '

Ralph Dusek, Federation of Behavioral, Psychological, and Cog-

~nitive Scierces ) '

Dedre Gentner, Bolt Beranek and Newman, Inc. -

-~
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Robert Glaser, University of Pittsburgh

Andrew Gleason, Harvard University

Bert Green, Johns Hopkins University

James Greeno, University of Pittsburgh

Stanley Helgeson, Ohio State University -
Jeremy Kilpatrick, University of Georgia

Leopold Klopfer, University of Pittsburgh

Alma Lantz, ESR Associates

Alan Lesgold, University of Pittsburgh

John Lochhead, University of Massachusetts

Erik McWilliams, CRT Corporation

James Minstrell, Mercer Island High School

Allen Newell, Carnegie-Mellon University

Mary Budd Rowe, University of Florida

Karen Sheingold, Bank Street College of Education
Alan Schoenfeld, University of Rochester

Robert Siegler, Camegie-Mellon University
Marilyn Suydam, Ohio State University

Wayne Welch, University of Minnesota

Robert Yager, University of Iowa

Additional materials for the report were provided by the following individuals:-

John Scely Brown, Xerox Corporation

Jill Larkin, Carnegie-Mellon University

James L vin, University of California-San Diego
Frederick Reif, University of California-Berkeley

The report was drafted by James Greeno, Robert Glaser, and Allen Newell.

L. INTRODUCTION

The nature and purposes of education in mathematics, science, and technology
are undergoing significant change. All children and youth, and an increasing
number of adults in our country, now face educational requirements that

- demand previously unanticipated forms of competence. The level of knowledge

and skill expected of individuals has risen sharply as a result of the demands of
technological change for new knowledge and skill. In view of these changes,
there may now be diminishing returns in continuing to employ the curricula and
school practices that have effectively increased general educational levels in the
past.

Toward the solution of this critical problem, we dlSCUSS contributions that

“past and forthcommg research in cognitive and behavioral science make to

education in mathematics, science, and technology. We describe recent re-
search findings that have important implications for the design and practice of
education in these fields. We also discuss research questions that have strong
potential for providing important further empirical and theoretical advances
relevant to the improvement of educational practice.
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A major recent scientific development is the growth of cognitive science,
an interdisciplinary field that includes components of psychology, computer
science, linguistics, anthropology, and education. It is important to emphasize
that the development of cognitive science in the United States is substantially
more advanced than in-any other country. This provides an opportunity for

. American education in mathematics, science, and technology to utilize a set of

findings for which American scientists have deep understanding, and to benefit
further from research advances that can be achieved in the immediate future.

The considerable progress made recently in the cognitive sciences
provides powerful new concepts and methods for approaching educational tasks
in more systematic and scientifically principled ways. T

The central scientific advance has been development of the capability 1o
analyze the cognitive. requirements for successful performance in complex
intellectual tasks. This has been accelerated by new techniques that specify
hypotheses about-cognitive processes and knowledge strilctures that are the
basis for successful human performance in the fo f computer programs.
This helps ensure that theoretical descriptions real;:?a level of detail that is
adequate to explain performance and to proyicfe guidance for instructional
design. '

The important outcome is an improved capability for analyzing students’
understanding of concepts and principles of mathematics, science, and technol-
ogy and to relate their understanding to their ability to perform successfully in
instructional -tasks. This has led to new insights into the educational effects of
such issues as meaningful vs. rote learning and the importance of well-
structured knowledge in acquiring new cognitive skills. These developments
provide a considerable advance beyond earlier research and development in
psychology and education. Specific analyses of cognitive processes and knowl-
edge structures have been used to compare the knowledge and skills of experts -
with those of beginning students, providing a basis for more definite and useful
specification of objectives for instruction. Analyses of students’ knowledge
prior to instruction and of errorful procedures and misconceptions that result
from some instruction have provided new understanding of sources of students’
difficulty in acquiring cognitive skills and knowledge. :

. Our scientific capabilities now enable us to-analyze knowledge that is

‘required for success in tasks used in mathematical, scientific, and technical

instruction. Examples of subject-matter domains in which specific cognitive
task analyses have been contributed include elementary arithmetic, algebra,
high school geometry, mechanics, hydrostatics, and elementary electricity/
elecironics. We will describe results of some of these studies in Chapter I of this
report. It is important to note that a substantial number of scientists are now
studying these topics, providing a valuable resource of talent and experience for
continued research and scientific training:” ‘

Most previous efforts at improving science education in the United States -
were directed at curriculum development to gether with some associated teacher
training. In'particular, the various major curriculum development projects of the
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the 1960’s attempted to introduce intc schools points of view and conceptual
approaches reflecting those cf expert scientists or mathematicians. Although
these efforts were laudable and partially successful, their ultimate educational
impact and effectiveness were far less than had been hoped. One of the principal
reasons for this failure was that the educational reformers focused their attention
almost exclusively on curriculum content, thereby failing to pay adequate
attention to important psychological aspects, the underlying thought and leam-"
ing processes of students or experts and underlying social-psychological pro-
cesses in the classroom. Our scientific capabilities for irvestigating these
psychological processes have been greatly strengthened by the recent con-
ceptual and methodological advances in cognitive science.

~ In the past, educational methods and materials based on fundamental
research in behavioral and cognitive psychology have had profound effects on
American education. The use of standardized tests, both for assessment of
students’ learning achievement and for selection for college and professional
training, is based on psychometric methodology developed in psychological
research that began early in this century. Principles of behavioral task analysis,
based on fundamental research on learning and conditioning, have been used in
formulating educational objectives, and have had strong influence on the design .
of instructional materials and tests. Rigorous application of such principles in
the early grades is now producing heartening improvements in the school
achievement of many inner city students. Little of education in this country has
been untouched by these earlier scientific developments.

- Research on many topics of behavioral and cognitive science, as well as
- other fields, continues to provide significant findings of importance for educa-
tional practice. In this report, we discuss a subset of the important research that
has been done, focusing on studies that have dealt directly with processes of
thinking and learning in the domains of mathematics, science, and technology.
It is irnportant to keep in mind that science is an ongoing process, so that
iinportant aspects of our current understanding will,undoubtedly be replaced by
concepts and principles yet to be discovered. Furthermore any domain involv-
ing application of theoretical principles and scientific knowledge always in-
volves a balance of current theory with practical wisdom. Even so, the potential
for strengthening American education on the basis of past and prospective
research in cognitive and behavioral science is strong. .

I.A.Some Problems of Education

Our presentation of research findings and questions in Chapters I and Il is
organized by two major types of problems that face our educational system in
regard to mathematics, science, and technology. First, there are problems of
educational content: what to teach students so they can be effective in solving
problems and reasoning about significant issues; what to teach about technol-
ogy; and the role of basic mathematical and programming skills in the curricu-
lum. Second, there are problems of increasing the, participation of students in
programs of mathematical, scientific, and technological .education, and of
increasing the effectiveness of the use of technological resources, including
educational testing. ‘
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I.A.1. Questions of Educational Content. A major goal of education isto
provide mathematical, scientific, and technological literacy. Students should
acquire the ability to solve problems and reason effectively in a broad range of
situations that arise in their lives and work. The relevant question is whether the
knowledge and skill that students acquire in the present curriculum provide as
strong a basis as possible for general problem solving and reasoning.

Students in mathematics and science often learn computational procedures
and formulas that they are unable to apply in solving problems or in reasoning
about qualitative questions. Recent research has ‘provided improved under-
" standing of the cognitive requirements of successful problem solving and
reasoning in a variety of academic and practicai domains, and these findings
indicate a need to emphasize some aspects of knowledge not now emphasized in
mathematics and science instruction. :

The growing role of technology, especially computational systems, in
human affzirs implies a critical need for education that prepares students to
understand and use technological resources. Recent research has provided
information about properties of knowledge required for understanding technical
systems such as electronic devices and power plants, and these findings suggest
important issues for the development of education for technology.

The role of,““basic skills” such as computational procedures in mathema-
tics and interpretation of experimental data in science, is a question of long
standing in the design of instruction, and computer programming is emerging as
another skill that many believe all students should acquire. Results of recent -
research have advanced our scientific understanding of the kinds of conceptual
knowledge and knowledge for representing problem situations that facilitate
students’ learning of correct procedures and their ability to use their formal
knowledge in solving problems and reasoning. )

1.A.2. Questions of Participation and Effectiveness. Economic and tech-
nological changes in the society are producing an increased need for individuals
whose basic education in mathematics and science prepares them for advanced
training in technologically demanding fields. A relatively high level of tech-
nological literacy is needed for successful performance in a great many work
environments, and for informed participation in the formation of public opinion
on critical policy issues. We need improved methods of education to enlarge the
group of students who learn mathematical, scientific, and technical subjects
successfully.

Recent research findings provide significant new information about
sources of difficulty in learning and understanding mathematical, scientific, and-
technical concepts, and thus provide a basis for educational materials and
methods that can reach a broader group of students. Research has also begun to
identify factors contributing to relatively low levels of participation in mathema-
tics and science courses by women and members of minority groups, and thus
suggests ways in which increased participation by those individuals, and indeed
all persons, can be encouraged.

The potential impact of new information technology on education is
widély recognized, as is the need for research and development to enable its '
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beneficial use. This is especially significant for education in mathematics,
science, and technology, where the need to provide soundly based computer-
augmented instruction is becoming critical. Cognitive and motivational proper-
ties of computer-based instructional systems have been studied in recent re-
search, and the findings provide guidance for the design of instruction with
computers and other media.

Data in the form of test scores are an important source of information about
the success of our educational programs, and they play an important role in
assessing individual student achievement and selecting individuals who are

most likely to succeed in udvanced and specialized training. The design of tests

is influenced strongly by theories of the cognitive abilities or knowledge that is
being asscssed, and recent research has provided advances in our understanding
of the characteristics of general and specific cognitive skills that effectively
indicate successful performance on tests of achieverr=nt and aptitude. Tests also
have a considerable influence on the shaping of instruci.onal content; thus, it is
important that new understanding of instructional gc 's should be reflected in
new approaches to testing. :

L.B. Introductory Examples

We present a set of research findings that have bc ., obtrined recently,
primarily in the last five years. These findings, their implication for educatior in
mathematics, science and technology, and some prospective research to build
on present knowledge, are discussed here to illustrate the kinds of results and
conclusions that are characteristic of recent research. In Chapters II and I1I we
provide a survey of research topics and findings in which the discussion of each
topic is very brief; if more specific discussions were provided, they would be
comparable to the discussion presented here.

The example research that we discuss here focuses on a common theme of
qualitative understanding. Much of the knowledge currently taught in mathe-
matics, physics, and technology is based on quantitative, analytic principles of
the domains. These formal principles act as a set of constraints that characterize
‘what happens in a system. Almost by definition, such a characterization
provides students with little understanding of the underlying qualitative mecha-
nisms governing how it happens. Said differently, students-fail to learn how the
formal constraints are necessarily satisfied or even how the requisite behavior
emerges from these constraints. '

The elegant and concise formal description of diverse and complex phe-

" nomena and the use of rigorous systems of deductive inference are major

intellectual ‘accomplishments of science. Not surprisingly, they are displayed
and emphasized in the curriculum. However, it is now widely understood that
Jormal knowledge of mathemattcs and science is not sufficient in itself for
effective use of the knowledge or for intellectual work that advances the fields of
knowledge Scientists, mathematicians, engineers, and technical workers com-
monly recognize that their *“textbook”” knowledge must be supplemented in
significant ways for them to be effective in their work. The characteristics of the
additional knowledge and skill needed for effective work have not been under-
stood, beyond the truism that they are probably acquired in practical experience,
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rather than in formal instruction. (It' could hardly be otherwise, since the .
additional knowledge and skill are just those necessary cognitive components
that are omitted from formal instruction.)

In recent research, several findings have been obtainea that provide
significant new insight into knowledge and skill that involve qualitative princi-
ples in mathematics, science, and technology. With these findings, we can
begin to specify the characteristics of qualitative understanding in definite ways,
and to specify the ways in whici: that understanding functions in problem
solving, reasoning, and learning. ' -

A key idea that has emerged from this work is that knowledge of qualitative
prirciples enables an individual to construct mental models of how a systemor a
procedure “works.” These models, in turn, form the bridge with much of the
individual’s common-sense understanding of the wotld, in both physical and
social aspects. But these mental models do more. For the theoretically inclined
student, this kind of knowledge provides the basis for guiding his or her
intuitions concerning how to construct precise mathematical models of a given
phenomenon, as well as how to make sound approximations in solvirng the
equations comprising the analytic models. -

For technicians or maintenance personnel, these qualitative, causal models
provide the basis for formulating defensible hypotheses for explaining observed
malfunctions of a system or a machine. This kind of knowledge enables the
technician t6 constfuct simulations “in the mind’s eye” of how a system
functions and to use the constructed causal models to guide his or her common-
sense reasoning' and troubleshooting strategies. That is to say, with such
models, the individual can develop a generic understanding of systems and use
this understanding to handle novel problems and enable his or her trouble shoot-
ing methods to be more than just rote procedures. .

Research advances have been accomplished in two areas: the role of
_qualititative understanding in- problem solving, and its role in learning.

I.B.l. Qualitative understanding in problem solving. Research inves-
tigating the detailed nature of problem solving in several domains has provided
significant new information about the cognitive processes and knowledge that
are needed to use the formal knowledge of science and mathematics. Typically,
in mathematics and science teaching, formulas and computational procedures
are explained directly, but use of those formal procedures for solving problems
is treated implicitly, using examples but Tittle or.no direct instruction about
problem-solving methods. Recent findings have shown some of the kinds of
knowledge that are required for successful problem solving, and have provided
explicit descriptions of that knowledge relevant to selected domains in mathe-
matics and science. As we develop explicit characterizations of knowledge
required for problem solving, it will become possible to provide instruction that
trains that knowledge more directly and, as a result, we should expect greater
effectiveness.in teaching problem-solving capabilities. - '

Arithmetic word problems. Knowleﬁge required to solve simple arithmetic
word problems has been studisd in detail, and a complete analysis is available .
for problems that are solved with. addition and subtraction. To solve these
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problems, students must form intermediate representations that include rela-
tionships among the quantities in the problems. To form these representations,
students must leam to recognize three distinct patterns that involve different
ways in which quantities can be related. These patterns correspond to groupings
of problems that are fundamentally the same beneath their varying surface
details. The technical term for such underlying patterns is schemata. For simple
- arithmetic problems, these underlying patterns have now been identified and
described. One of these, a Change pattern, involves an event that increases or
decreases the value of some quantity. A second pattern, Combination. involves
two quantities that do not change, but are considered both separ:ciy and in -
combination. The third pattern, Comparison, involves two quantities and the
~ differénce between them. Models of the problem-solving process have been
formulated to show how recognition of these patterns is needed, and depends on
knowledge in the form of schemata, cognitive structures that include the
relationships in general form. The models have been tested in detailed observa-
tions of performance of children as they solve problems, and have provided
explanations of different levels of skill that are observed among elementary
school children.

Physics text problems. Several investigators have conducted research on
. processes of solving text problems in physics. A detailed analysis has been
formulated as a simulation model for solving statics problems. Knowledge that
is required includes schemata for representing relevant quantities and their
relations in problem situations; for example, to solve a problem about a man
standing on a ladder leaning against a wall, the representation can be formed by
assembling a wall schema (surface), a floor schema (surface), a ladder schema
(lever), and a man schema (mass), assigning to each component appropriate
numerical quantities and appropriate connections with the others. Research also
_has been conducted in the domain of elementary electronics, and it was found
that a major source of difficulty in solving course problems was due to
inadequate acquisition of knowledge for representing problems including gener-
al relations among quantities. .

In addition to specialized knowledge about physics problem situations,
problem solving requires use of general causal knowledge about motion of
objects and other physical factors. Solution of probiems in kinematics has been
analyzed, and often includes representation that uses a ““mental model” of the
objects and surfaces in the problem to determine the set of variables and
formulas that have to be used to obtain the solution.

Research findings have been obtained regarding the knowledge used by
‘expert physicists in solving text problems, compared with the knowledge used
by successful students with a year or two of study. The problem representations
constructed by experts are based on knowledge that is organized by abstract
physics concepts and principles, such as the conservation of energy, that furnish
the representations for general methods of problem solution. Students’ repre-
sentations are based on more concrete features of problems, showing that their
knowledge of general principles is not yet integrated with their problem-solving

knowledge.
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Implications for education. With more specific scientific understanding of
the knowledge required for successful problem solving, instructional methods
can be designed to more effectively provide students with knowledge for problem
solving. Materials for modifying and expanding the student’s approach to
representing problems have been developed and are being tested in current
research. Materials for teaching kindergarten children to represent some of the
relationships found in word problems have been designed and tested as a means
of increasing their readiness for primary grade mathematics. Authors of at least
one elementary mathematics text series are currently considering ways to
incorporate results of research on word problcm representation in their mstruc-
tional materials.

Further research needs and opportunities. The methods and results of
research on problem solving in simple mechanics and elementary mathematics
can be used to provide comparable analyses of knowledge required for problem
solving in other domains. This constitutes an important area of applied research,
to provide a basis for development of specific teaching materials for strengthen-
ing students’ probiem solving skills.

Fundamental as well as applied research is needed to investigate processes
of acquiring skills in problem solving, including the knowledge for representmg
problems that have already been identified. Theoretical analysis of learning
processes is a major current research topic in cognitive science, and analysis of
the acquisition of the knowledge required for representing problems would
provide important new theoretical advances as well as information of great
practical importance for education. Investigation of fundamental properties of
learning necessitates development of experimental instruction to provide the
learning experiences to be studied. The materials developed for these experi-
ments will contribute to development and evaluation of instructional materials,
which will provide new resources for teaching problem-solving skills.

A major unanswered question is the nature of knowledge that enables
transfer of skills acquired for solving problems in one domain to capabilities for
solving problems in another domain. Seme preliminary findings have been
obtained, involving use of general conceptual structures and processes of
forming analogical mappings between the domains, but considerable further
investigation is needed to provide adequate’ scientific understanding of thlS
important cognitive question.

1.B.2. Qualitative understanding in learning. Research findings have
provided important new information about characteristics of students’ qualita-
tive understanding that are relevant totheir learning of mathematics and science.
Instructional materials and methods rest on assumptions of the students’ knowl-
edge prior to the instruction, and if these assumptions are incorrect, instruction-
is likely to be ineffective, either being too difficult because students are lacking
some prerequisite concepts or skills needed for the new learning, or not taking -
account of conceptions of students that could facilitate or interfere wiili their
learning of new material. :

Elementary mathematics. Recent findings require important revisions in
assumptions about the conceptual sophistication of children when they enter
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school. Research by Piaget and others provided general insights into the reasons
that many children might have diiiiculty mastering arithmetic in the early school
years. For example, preschool children asked to say which of two sets has
“more” objects often respond that there are more in a set that occupies a larger
space, confusing spatial and numerical quantity. Although preschool children
typically can count sets of objects quite skillfully, it has been assumed that this is
an essentially m~=chanical skill, unaccompanied by. appreciation of numerical
principles such as cardinality and one-to-one correspondence. Recent research
has been giving us a more precise picture of those aspects of numerical concepts
that young children do and do not understand. For example, they are able to
detect errors in counting performance that they observe, and they can adjust
their counting procedures to accommodate novel constraints in ways that
preserve principled constraints that make counting correct. Preschoolers clearly
have significant components of understanding of fundamental abstract concepts
before they begin their formal training in mathematics, a resource upon which
instruction can build. On the other hand, other important aspects of number *
understanding such as the fact that a larger number can be viewed as composed
of smaller numbers seem to develop later. This raises the possibility that
instruction might be designed to be more effective in promoting such con-
ceptual development. :

Recent research also has shown that important conceptual prerequisites for
some instruction are not rellably acquired in current instruction. An example is.
the teaching of subtraction™ involving multidigit numbers. Principles of the
place-value system of enumeration should be understood by children in order
for-the procedures of column’ Eub{ractnon and borrowing to be understood
adequately. A significant number of “children do not acquire these principles
adequately, with the consequence that numerous children develop incorrect,
albeit systematic, procedures for calculation. Theoretical studies have shown
ways in which understanding of place-value x;mmples can be used in teaching
arithmetic procedures so that they acquire mtegra;ed knowledge structures wiih
correct skill and understanding of the constraints of correct calculation.

Preconceptions in physics. A predominant current view underlying curric-
ulum design and teaching in science is that students’ understanding of scientific
concepts is shaped by their instruction. Much care is taken to avoid presenting
incorrect or misleading versions of concepts in order to avoid the need for
Students to unleam concepts and principles that are wrong.

Recent research has shown. that this view is fundamentally incorrect.
Students begin their study of science with strongly held conceptions about the
phenomena that are explained by scientific principles, and their preconceptions
are often inconsistent with the principles that they are to learn. Furthermore,
their informal qualitative concepualizations often persist after a considerable
amount of instruction in science, in which they have acquired formal knowledge
based on principlcs that are inconsistent with their conceptualizations. They
may use their formal knowledge correctly to solve textbook problems, but their
understanding of events in the world is still based on the conceptuahzatlons that
they had prior to instruction.

' . : £ ’,-"\
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.Examples in physics have been lnvestlgated in some detai!. Students’
preconceptions regarding the motion of objects can be characterized as Aristo-
telian: for example, they assume that to keep a body in motion a force must

"continuously be applied to it. When asked about the speed of a falling object at

different times after it is dropped, most students answer that it is falling at the

same speed at all points in its descent, even though they solve problems
correctly using formulas for linearly acclerated motion. Another example
involves predictions that students make about the path of an object emerging
from a curved tube. They believe that the object will continue to move along a
curved path, rather than along the tangent to the curve, indicating an incomplete
understanding of the law of inertia.

Implications for education. The view that students learn what they are
taught is defintely too simple to be a useful guide for design of instructional
materials and teaching. Students do not begin their study of mathematics,
science, or technology. free of prior concepts that influence their learning. In
some cases they begin with significant prior understanding that exceeds the level
assumed in current instruction; in other gases their preconceptions interfere with
~ their understanding of the concepts and principles that they are taught.

We need to develop instructional materials and methods that take account
of students existing conceptual understanding, building upon it when it is
sound, and bnngmg about changes in it when-it-is incompatible with scientific
principles. A number of investigators are now studying methods of science
instruction that take account of the student’s existing conceptualizations.

A new perspective of the relation of basic skills and conceptual under-
standing is indicated by research on computational procedures. In most ped-
agogical thinking, skill and understanding are viewed as competitors for scarce”
instructional resources. Recent findings have revealed forms of understanding
that are integral components of knowledge that underlies skilled performance,
and that are essential to learning correct forms of computational procedures For
example, in learning the borrowing procedure in subtraction, it is important to
understznd that the total value represented by a numeral is not changed when
one digit is decremented and ten is added to the digit to its right. These findings
indicate that skill and understanding should not be considered as competing
alternatives, but not need to be provided in ways 1 that reinforce each other in
integrated cognitive outcomes of learning.

Further research needs and opportum‘ti es. There is aneed for research that
analyzes learning as a process in which existing cognitive structures are
modified by instruction. We need to conduct detailed analyses of effects on
learning produced by students’ existing implicit understanding of principles and
their preconceptions about the subjects they are studying. There is a need for
development of instructional materials in various science domams that take
account of students’ pre-existing conceptions.

We alsc need to investigate methods of instruction in which formal
knowledge of technical formulas and computational procedures are integrated
with relevant conceptual structures. There is a need for new systems of mathe-

~matical concepts and notation for representing and analyzing conceptual struc-
tures, and progress has been made in the development of such formal systems in

120 it SN
| 127 :



recent research. Using formal systems for representing conceptual structures
that are being developed, we are beginning to have the formal machinery to
represent and analyze the kinds of mental models students and experts hold,
what the underlying assumptions are, how the technical terms relate to other
terms and most importantly, how a person uses these models to predict and/or
rationalize a given phenomenon.

The study of mental models per se can be extremely subtle but with
improved formal systems for representing conceptual structures we can begin to
appreciate the crucial distinctions between seeing a student’s view of the world
that is faulty (from our perspective) versus really getting inside the student’s
conceptual framework and understanding what the technical terms mean to the
* student within the student’s framework. Not only is this distinction crucial for
being able to effectively remediate the student’s faulty knowledge, but it also
helps to predict why some faulty concepts are so resistant to remediation. In
particular, what often seems incoherent from outside a given framework, makes
perfect sense from within the framework, suggesting that local “de~ugging’’ of
technical concepts might require a restructuring not only of a + .+ ent’s epis-
temology but also of the student’s ontological commitments. For example, if the
student views velocity as an intrinsic property as opposed to an (extrinsic)
predicate, Newton’s first law of inertia will be causally unexplainable. What
does it mean to'say that students have an Aristotelian view of physics based on
their beliefs of inertia? What is their notion of state versus process? Can the
Newtonian law of inertia be *“‘accepted’’ without first viewing both rest and
uniform motion as states? This shift from viewing uniform motion as a process
to viewing it as a state is profound and the richness of this shift is not easily
represented. But the formal systems for representing conceptual structures that
are being developed can be used to examine these questions more rigorously
and to formulate definite hypotheses about previously vague questions of
understanding and representation. Indeed, a major breakthrough in the teach-
ing, acceptance,’and use qf science might stem from better understanding of
how students can move from mental models that are sufficient for everyday

reasoning, but are incoherent, to mental models that enable “thought experi-
- ments” whose coherence can be examined logically. :

II. FINDINGS OF RECENT RESEARCH -

This section presents a brief review of findings obtzined in recent cognitive and
behavioral research of relevance to education in riathematics, science, and
technology. To provide the Commission with a sense of the breadth of current
work and the numerous investigators conducting the research, we describe each
topic briefly, including names of some of the ixdividuals whose research has
contributed to that topic, and then mention very briefly a general finding or two
that has resulted from the research thus far . o

H.A. The Content of Education

.The issues addressed in this section involved scientific literacy and general -
capabilities for problem solving and reasoning in mathematics, science, and
technology and specific curriculum questions involving basic skills.
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' I.A.l.  Education for Effective Problem Solving and Reasoning. First we

discuss research relevant to the goal of providing education in mathemstics,
science, and technology that enables students to apply their knowledge effec-
tively in problem solving, understanding, and reasoning in situations that they
encounter in both academic and nonacademic settings.

Major scientific advances have occurred involving theories that character-
ize knowledge that is required for problem solving and for understanding. The
theory of problem solving developed in artificial intelligence starting in the
1950’s, and use of the ideas for psychological analysis was established by Allen
Newell and Herbert Simon in their book, Human Problem Solving, published in
1972. General problem-solving strategies, such as means-ends analysis, were
formulated and supported by observations of human performance in solution of
problems. The theory of knowledge needed for understanding developed from
analyses of language comprehension in artificial intelligence, linguistics, and
psychology. Theoretical and empirical advances were contributed by Roger
Schank and Robert Abelson of Yale University, Terry Winograd of Stanford
University, Donald Norman and David Rumelhart of the University of Califor-
nia-San Diego, and Walter Kintsch at the University of Colorado. Cognitive
structures corresponding to knowledge of concepts and their interrelationships
have been characterized and hypotheses about processes of understanding have
been supported in experiments on comprehens1on and memory of information
'in texts.

General theoretical concepts and methods for analyzing problem solving
and understanding have been applied in the analysis of cognitive processes used
in solving mathematical, scientific, and technical problems. Knowledge under-
lying students’ problem solutions in high school geometry has been studied by -
Mary Grace Kantowski at the University of Florida, and by James Greeno at the

" University of Pittsburgh. An important result of these analyses is the character- .

ization of the cognitive basis of stude.ts’ problem-solving strategies, which
have been largely implicit in instruction rather than being presented and taught
so that students are aware of them. These strategies involve solution methods
that are useful specifically in areas such as geometry that involve the kind of
reasoning required in domains with axiomatic structure. )

Analyses have also been provided of knowledge required for solution of
word problems in arithmetic and algebra. Word problems in elementary arith-
imetic have been analyzed by Thomas Carpenter at the University of Wisconsin

-and by Mary Riley of the University of California-San Diego. A major result is

- the discovery of conceptual structures for understanding relationships between
quantities described in problems that are needed for successful solution, and
" that are distinct from the arithmetic relations of addition and subtraction. These
theoretical ideas have been considered by the authors of a series of mathematics
texts, led by Joseph Payne of the University of Michigan, and are bemg used to
improve the problem-solving materials in that text series.

Knowledge required for solving problems in physics has been studied by '
several ifivestigators, including Jill Larkin and her colleagues at-Carnegie-
Mellon University, Frederick Reif at the University of California-Berkeley,
_ Michelene Chi and her colleagues at the University of Plttsburgh and Gordon
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Novak at Stanford Research Institute. These studies, and others in which
performance of experts has been analyzed in detail, have provided information
about properties of the knowledge base used by experts in solving problems,
including basic skills of perceptual encoding as well as recognition of the
abstract theoretical principles that are applicable in a problem situation. Re-
search has shown that selection of relevant features and relations and formation
of organized cognitive representations prior to the use of solution procedures
plays a critical role in successful problem-solving performance. Instruction in
physics, as in other subjects such as algebra, emphasizes learning of formulas
and procedures that are used in solving problems and neglects teaching the
conditions that are required for the formulas and procedures to be appropriate.
Research on problem solving has shown the importance not only of knowledge
~of procedures but also of the conditions for applying problem-solving pro-
cedures, and has shown how that information can be extracted from problem
situations. Instructional methods based on these basic findings havé been
developed by Frederick Reif and Joan Heller at the University of California-
Berkeley, and prellmmary tests of those methods have had quite promising
results

There is now emerging a general theory of broad problem solving compe- .
tence, including the following components: (a) mastery of basic knowledge and -
access to relevant facts and procedures in long-term memory; (b) useful
problem-solving strategies, many of which now have been described in detail;
(c) ““control” or *‘executive’” knowledge that good problem solvers use to make
efficient use of their resources; and (d) general opinions that students have about
the relevance of problem-solving techniques that frequently prevent them from
attempting to use methods that they are capable of Work on this characterization
" of broad problem solving skills has been contributed espeCIally by Alan
Schoenfeld at the University of Rochester.

Some investigators have begun to examlﬁe ways in which mathematical
knowledge is used in nonacademic settings. These include a study of the use of
- arithmetic knowledge during shopping by Jean Lave at the University of
California-Los Angeles, and a study of the use of mathematics for billing by
drivers of milk delivery trucks by Sylvna Scrlbner at the City Umversuy of New.
York.

II.A.2. Education Jor Technology. Analyses of cognitive processes and
knowledge structures required for problem solving and reasoning in technical
domains can be carried out using methods similar to those in basic mathematics
and science. Several investigators have studied knowledge and skill involved in
electronics problem solving, notably, Gerald Sussman at the Massachusetts
Institute of Technology, John Seely Brown zi Xerox Corporation, and Mary
Riley at the University of California-San Diego. These studies have shown the
. importance of knowledge for representing problems, consistent with results of
research on problem solving in genera] physics. In addition, studies of learning
and reasoning in.electronics have . provided information about interactions
between qualitative causal: understandmg (how a system functions) and quan-
© ‘titative knowledge expressed in formulas (coinputational knowledge), and have
shown that errors made by ‘beginning students often are due to inadequate
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“instruction in the qualitative properties of electronic systems. Analyses of
methods for teaching the important qualitative properties have been undertaken,
including work by the Dedre Gentner and Allan Collins at Bolt, Beranek and
Newman, that emphasizes utilization of analogy between systems with the same
qualitative structure. '

Another practical domain in which important cognitive analyses-have been
developed is medical diagnosis, where investigations have been contributed by
Harry Pople and Jack Meyers at the University of Pittsburgh, by Edward
Shortliffe and William Clancy at Stanford University, and by Paul Johnson and
his colleagues at the University of Minnesota, among others. These studies have
provided information about the organization of knowledge and reasoning
processes involving very large bodies of information. Seme general properties
in this domain are shared with the conclusions based on research in physics,
mathematics and electronics, including hierarchically organized concepts in the
memory of experts and problem-solving strategies. Distinctive conclusions
have been reached about the characteristics of competent performance, includ-
ing: the organization of knowledge used in diagnosis according to multiple
principles, taxonomic knowledge of disease categories and causal knowledge of
bodily function and disease processes, and coordination of these different kinds
of knowledge as a critical feature of successful diagnostic reasoning.

Systems of computer assisted instruction are being designed for training
individuals to work with technical systems. One system, designed by John
Seely Brown of Xerox Corporation and his colleagues, is for training in
electronic troubleshooting. This sytem enables a student to simulate the applica-
tion of tests to obtain readings of relevant electrical properties of a device that is
not functioning properly. The.instructional system includes a sophisticated
causal model of the device, enabling the student to understand the reasons for-
inferences that can be made from the readings. Another system called STEAM-
ER is being designed by Albert Stevens and his colleagues at Bolt, Beranek and
Newman Inc. STEAMER simulates the operation of a power plant, and will be
used in training engineers. It also recognizes the importance of training students
. sothat they can use car sal principles about the system. The STEAMER system
includes displays that show schematic representations of the power plant’s
internal structure, enabling students to observe effects of simulated changes in
the system on properties such as internal pressure and rate of flow of substances
that cannot be observed in real power plants. Thus, STEAMER illustrates the
use of computer technology in training in which a simulation radically departs
from the physical appearance of the real system, in order to provide crucial
cognitive benefits that ‘cannot be achieved in the real system or in a simulation
that attempts to duplicate the superficial properties of the real system.

It is possible to study cognitive processes involved in use of technical
systems either in terms of general cognitive principles or in terms highly specific
to the technical system under investigation. Because of the rapid change in

" technology, highly speciiic work has a great danger of becoming obsolete
before it can be used. Therefore, it is important to strive for general theory. The
projects that we have described in this section illustrate investigations involving

" specific systems but with general cognitive principles being tested and de-
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-veloped as well. Studies at Xerox Corporation of text editing systems by Stuart
Card, Tom Moran, and Allen Newell, and of instructions for cperating copying

machines by Lucy Suchman, also provide illustrations of investigations of -

specific technical systems that consider general principles. -

_ ILA.3. Training in “Basic” Cognitive Skills. A long-standing issue in
* mathematics and science education has been the relative importance of teach ing
““basic” skills involving computational procedures and correct use of formulas
vs. development of conceptual understanding. Traditionally much of the ele-
mentary curriculum has placed a major emphasis on skills. The curricular
reforms of the 1960’s challenged this emphasis and attempted to develop
instructional programs that were more concerned with developing understand-
ing of the structure of the subject matter disciplines. In reaction to this shift, the
back-tu-basics movement has redirected the focus back to skills. Today the
importance of computational skills is again being challenged, especially in

mathematics, where calculators and computers are available that can performall-

the calculations taught in school.

Results of recent research provide a basis for resolving the perennial
conflict between skill and understanding. Recent findings have provided new
information about the nature of skill and conceptual understanding showing that
these cognitive components are mutually dependent. Rather than treating thém
as conflicting goals competing for scarce instructional resources, we can begin
to design’ curricular materials that lead to skills that integrally include con-
ceptual structures that provide understanding and make the skills more useful in

problem solving situations.

Research on elementary arithmetic has shown that a substantial number of
children. learn incorrect procedures for arithmetic calculation.- This phe-
nomenon has been analyzed in detail and related to general theoretical princi-
ples by John Seely Brown and his colleagues at Xerox Corporation. Their
analysis indicates that some children gererate and use procedures that ought to
be ruled. out by ‘basic concepts that should constrain arithmetic computation,
apparently because they do not understand these concepts or their application in
arithmetic procedures. Their analysis of processes generates flawed procedures
that indicate knowledge of basic concepts that children lackzand that should
constrain arithmetic computation. Other research by Lauren Resnick at the
University of Pittsburgh has explored forms of conceptual teaching for the
correction of children’s flawed knowledge of arithmetic procedures. This has
led to an analysis of an integrated cognitive structure of arithmetic knowledge
~ thatrelates basic principles of numerical representation of quantity related to the

steps of correct calculation. ' :

There also has been research showing that the structure of relatiohships

between basic number facts can be used to facilitate the learning of basic -

arithmetic knowledge. Rather than teach number facts as a set of mere associa-
tions between numbers as is the case in the flash card approach that is commonly

used, instruction that explicitly builds on relationships among sets of facts

provides students with a framework for organizing their knowledge and signifi-
-cantly facilitates learning. ' '
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7 “Isaching that involves the stiucture of relationships among individual facts

also has been studied in the domain of physics by Jill Larkin of Carnegie-Meéllon
University. She developed instruction that showed how formulas are related by
conceptual knowledge, and trained students to use this knowledge in deciding
which formula could be applied in the solution of a problem. This instruction
facilitated problem solving, providing further evidence that integration of skill
and conceptual understanding is both possible and beneficial.
Skill in computer programming is beginning to take its place along with
skill in performing mathematical operations and in using scientific formulas asa
- basic goal of education. There have been several studies in which the cognitive
processes of computer programming have been studied, including wotk by
Peter Polson at the University of Colorado and by Elliot Soloway at Yale
University. Important properties of knowledge required for success in computer
programming have been identified, including a differentiated hierarchical struc-
ture of schemata‘that is similar to the organization of knowledge underlying
other cognitive skills that hav\c_l@n studied.

An important question about computer programming as an instructional
‘goal is the extent to which training in computer programming leads to general
improvement in problem solving and intellectual skills. This question has been
addressed in research by Karen Sheingold, Roy Pea, Midian Kurland, and Jan
Hawkins of the Bank Street College of Education, and by Elliot Soloway at Yale
University. In the study by Sheingold and her colleagues, there was no more
transfer from training in compgg/er» programming to other cognitive activities
than is the case for training in other subject-matter skills. In Soloway’s study,
transfer occurred from programming to solution of word problems in algebra.
Further research is clearly réquired to identify the ways in which training in
programming provides generalizable skill, and the conditions in which such
skills are acquired. In any case, there may be some especially beneficial side
effects of instruction in computer prografmming; the research by Sheingold and
her colleagues showed that there was more student interaction and discussion of
intellectual problems in classrooms where computer programming was being
taught. _ : : '
In addition to studies of cognitive skill in-specific .subject domains,
research also has been conducted on general factors in learning success. One
important area that is under study involves skills that people use in approaching
" problems and regulating and monitoring their .performance. In the course of
learning, effective students show regulatory performances that include such
activities as. planning ahead and effici2ntly apportioning their cognitive re-

sources and their time, predicting the correctness or outcome of their perfor-

‘mance, and correctly deciding when or what they know or do not know in 2
particular learning situation. These forms of decisionmaking are crucial aspects
of efficient learning and problem solving because they enable an individual to
use appropriate knowledge or to use appropriate procedures to obtain knowl-
edge at the right time. Efficiency in performing them is particularly useful in
facilitating transfer from learning and training situations to new situations.
Research by developmental psychologists has indicated that these regulatory
skills are. predictors of success in the kind of problem-solving ability that
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produces learning, and that they are not well developed in individuals with
difficulties in learning.

I1.B. Participation and Effectiveness

I.LB.1. Enlarging the Successful Student Group. An 1mportant con-
dition for instructing a larger proportion of students successfully is to increase
our understanding of the causes of their difficulty in learning. Major progress on
this has occurred in recent research, especially in the identification of mistaken
preconceptions that interfere with students’ understanding of scientific concepts
and principles. '

There are profound educational implications of the findings that students
begin their study of science and mathematics with implicit beliefs and tenden-
cies to generalize their prior knowledge that are incompatible with the principles
and procedures that they are supposed to learn. In current pedagogical thinking,
there is considerable concern to avoid presenting incorrect information to
students, but this is clearly not sufficient to prevent students from developing
~ their own incorrect beliefs. Research findings have provided new understanding
of why instruction can often provide students with-ability to solve ‘some
problems correctly, but still leave them with an incomplete understanding of the
subject. Frequently, the new vocabulary has been applied to their old concepts,
and new formulas have been fitted into their previous knowledge structure.
Remedial teaching generally consists of simply going over earlier materials
again, as though students did not acquire the previous information comipletely;
this ignores the fact that many students have formed procedures that are self-
contained although incorrect. Thus, standard remedial teaching can be expected
to be not only ineffective, but also to alienate students from the study of
mathematics and science.

Research that has identified students’ mistaken preconceptions has pre-
sented a.common physical situation to students and used predictions that the
students make as a basis for inferring the students’ conceptions about the
situation. An indirect method of assessment is required, since students fre-
quently are unable to articulate their mental frameworks. Studies have been
contributed by Michael McCloskey and his colleagues at the Johns Hopkms
University, by John Lochhead and John Clement at the University of Mas-
sachusetts, and by Audrey Champagne and Leopold Klopfer at the University
of Pittsburgh. The findings indicate that even college students tend to think of
basic phenomena such as motion and force in a way ‘akin to the physical theories
developed by classical philosophers 2000 years ago. Examples of misconcep-
tions have been identified that are counter to the principles of modem physics,
such as that stationary, rigid objects do not exert forces; that a constant
unbalanced force is required to keep an object moving with a constant velocity;
and that air pressure causes grav1ty

Research also has shown that students prior knowledge affects their v
learning in mathematics. Studies by John Clement at the University of Mas-

sachusetts and Kathleen Hart at the University of California-Los Angeles - |

1llustrate these effects. For example, after being taught procedures for solving
problems involving proportlons children tend to solve those problems using
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whole number operations that the children generalized from their earlier instruc-
tion, rather than using the procedures that they had been taught for computation
with proportions.

Research investigations are being conducted to explore new teaching
methods that take students’ prior conceptions and knowledge into account.
~ Examples of these investigations include studies by James Minstrell at Mercer
" Island High School in Washington, by Dedre Gentner at Bolt, Beranek and
Newman Inc.; by Susan Carey and by Andrea diSessa at the Massachusetts
Institute of Technology, and by Audrey Champagne and Leopold Klopfer at the

. University of Pittsburgh. These investigators are studying methods such as

componential breakdown of situations in which students make incorrect judg-
ments, analysis of limiting cases that make students’ errors obvious contrast of
the learner’s naive model with other more complete models, and discrimination
training to make students cognizant of important distinctions that are neglected
in their conceptualizations. : B

Along with findings that emphasize difficulties caused by students’ prior -
knowledge and implicit beliefs, other findings have identified some important
positive capabilities that have not been taken into account in the design of
instruction. Many educators have concluded from Piaget’s findings that children
lack the conceptual structures needed to understand concepts of number,
quantity, and causality until they are seven or eight years old, and that they lack
important reasoning abilities such as the ability to reason hypothetically until
they are in their mid-teens. Recent research by Rochel Gelman at the University
of Pennsylvania, Thomas Trabasso at the University of Chicago, Ellen Mark-
man at Stanford University, and others has shown that children have significant
conceptual understanding of these concepts at much earlier ages than had been
believed previously. Early understanding of these concepts is incomplete and
largely implicit, but itis clearly not totally lacking, which means that instruction
should be designed to capitalize on important conceptual building blocks that
children have, rather than assuming that they have no cognitive basis for
developing understanding of important abstract principles.

A major theme of the research that we have discussed in this section is the
importance of understanding students’ prior knowledge and conceptualizations
to enable design of effective teaching of new skills and principles. In addition to
new information about the kinds of prior knowledge and conceptualizations that
students have, recent research has also provided improved methods for assess- -
ing the cognitive states that individual students are in prior to instruction. An
example of these methods is in research by Robert Siegler of Carnegie-Mellon
Uniersity, who has demonstrated that children’s performance on specially .
designed sets &f problems can be used.to make sensitive diagnoses about the -
stages of understanding that they have reached regarding concepts such as the
relationship of velocity, time, and distance traveled in linear motion. These
studies also have identified stages of understanding that should be taken into
account in designing instruction, showing that there can be intermediate states
of partial understanding that should be achieved before there is an attempt to
. present a concept | in its complete and complicated form. '



The capability of educators to provide effective education in mathematics,
science, and technology to an increased proportion of students will be enhanced
also by increased understanding of processes of learning. Analyses of the
cognitive processes involved in learning are in a relatively early stage, but some
significant progress has been made. Contributions to this research problem have
been made by John Anderson, by Robert Neches, and by David Neves at
Carnegie-Mellon University, by Kurt VanLehn at Xerox Corporatior;, and by
David Rumelhart and Donald Norman at the University of California-San
Diego, among others. Important results of this work include analyses of how
text information is transformed into cognitive procedures and how procedural
knowledge in one domain transfers into new analogous procedures in another
domain. Further results emphas12e how difficult it is for learners to learn the
conditions in which it is appropriate to apply the particular procedures or'
knowledge they have acquired. This reinforces conclusions from the study of
problem solving that instruction could be made more effective if increased
efforts were made to train students in the applicability conditions of procedures,
rather than giving almost complete attention to the procedures themselves as
often occurs in instruction at present.

Research on effective methods of teaching has also been conducted
including studies by Mary Budd Rowe at the University of Florida and by Allan
Collins and Albert Stevens at Bolt, Beranek and Newman Inc. These studies
have provided detailed analysis of the strategies that tutors use to formulate
questions that probe and develop knowledge. Making explicit the strategies that
Socratic tutors use should help more teachers achieve effectiveness in this style
of learning, and generally provide insight into the interactions between students’
existing knowledge and acquisition of new concepts and principles. In the more
conventional classroom setting, instruction can be made markedly more effec-
tive if teachers provide more time for students to answer questions and pause
briefly after questions are answered; the times involved are very brief, with
increases of two seconds having substantial effects on a student’s ability to
process information before responding to questions. This shows that even quite
_.simple features of classroom style and management can have substantial effects
on leamning experience. These results iliustrate the interplay between general
pedagogical issues and issues involving the specific teaching of mathematics,
science, and technology. Just as these findings, obtained in research on teaching
of science, contribute to general understanding of teaching practices, ﬁndmgs of
research on teaching of other subjects provide important knowled geof use in the
teachmg of mathematics, science, and technology.

* A major contribution to enlarging the group of success students in mathe-
matics, science, and technology can be made by increasing the participation of.
women and members of minority groups in instruction in these fields. Recent
research has provided information about factors that contribute to choices of
courses in mathematics and science, and the effects that these choices have on
entry into scientific, mathematical, and technical careers. Studies on these
problems include contributions by Alma Lantz at ESR Associates, by Lauress
Wise at American Institutes of Research, by Jacqueline Eccles Parsons at the
University of Michigan, by Eliza_(ll)eth Fennema at the University of Wisconsin,
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and by Wayne Welch at the University of Minnesota. Assembly of demographic
information has shown that high school women’s participation in mathematics”
courses has increased dramatically since 1960 and that women’s participation in
mathematics education generally is much better than is widely believed. Fur-
ther, the research has shown that most of the sex difference in mathematics
achievement is accounted for by differences in course participation.

Research on the determinants of course participation has confirmed some
pre-existing ideas and disconfirmed others. Contrary to some usual beliefs, the
extent to which a girl perceives mathematics to be sex-stereotyped and also her
exposure to female role models seem to- have little influence on enrollment
decisions. Important determinants of participation in mathematics instruction
include previous achievement in mathematics (not, however, an important
factor in sex differences) and the individual’s perceptlon of the importance of
mathematical knowledge. A girl’s concept of women’s roles in the world and of
her own likely educational and occupatienal future does influence the usefui-
ness that she sees in mathematics; this probably explains recent increases in
enrollment. Prior achievement and ability level also are significant determinants -
of science enrollment. Interest in mathematics and a dimension characterized as

“interest in things vs. interést in people”’ are fip:portant in differentiating science
from non-science majors. As with mathematics, role models and perceived sex-
stereotyping seem to be quite unimportant factors in determmmg partlupatlon
in science education.

In the past decade, there has been considerable growth in the sophistica-
tion of evaluation methodologies. Now such complex questions can typically be
addressed. In addition, sou:ic generalizations about intervention programs seem
to be emerging. For example, lasting changes in attitudes and interests are not
typically generated by passive media messages. These media materials,
however, may be more effective when combined with face-to-face communica-
tion. Further, short *““one shot” interventions do not appear to be highly effective
while those spaced over a several-week period may be more promising.

I.B.2. Educational Usé of New Technology. Research investigating
cognitive and motivational factors in computer-based instructional systems has
been contributed by several investigators. Contributions have been made by
John Seely Brown and by Thomas Malone of Xerox Corporation, by Robert
Davis and Sharon Dugdale at the University of Illinois, by ira Goldstein of
Hewlett-Packard Corporation, by Andrea diSessa at the Massachusetts Institute
of .Technology, by Allan Collins and by Albert Stevens at Bolt, Beranek and
Newman Inc., by Audrey Champagne and Leopold Klopfer at the Umversny of -
Plttsburgh and others.

Among the concepts that have been investigated are use of computer-based
systems for the development of more sophisticated problem-solving strategies
by students, and the use of computational systems to simulate aspects of the
environment that are unlikely to be observed in a real environment or that
involve theoretically ideal conditions. One example is a system that shows
graphically how a force applied to a moving object interacts with the existing
motion of the object to produce a change in velocity. This requires students to
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revise a mistaken preconception that the final motion of an object ‘can be
completely controlled by the applied force independent of its state of motion
when the force is applied. :

Research concerning motivational aspects of-computer-based instruction
has identified factors that contribute to the interest of instructional games.
Important factors appear tc include uncertainty of outcomes together with well-
defined criteria for success in achlevmg goals. These are more significant
motivational factors than are more superficial features such as use of music and
similar superficial reinforcers when the student succeeds at least in the pre-
liminary studies that have been carried out.

II.B.3. Testing ana'lnstructzon Inrecent years there has been a series of
major research programs that have provided assessments of the effectiveness
and precision of testing for instruction and an analysis of theories on which the
engineering of tests and test design have been based. Based upon former
achievements in' the psychology of individual differences and methods for the
measurement of human behavior, testing has been developed to a substantial art
and resulted in.the development of major industries that supply testing instru-
ments to education.

Also inrecent years, the fundamental bases and properties of testing have
been undergoing searching analysis and reseurch examination. This has in-
cluded examination of the ways in which tests are used in the educational
process, and a reexamination of the theories of human behavior on which tests
arebased in the light of increasing knowledge of human cognition and the nature
of skilled performance. At least two dimensions of this advance can be identi-
fied: (1) improved concepts and methods for diagnosis of individual differences
in level of performance prior to instruction and for assessment of competence,
knowledge, and skill that are acquired; and (2) the understandmg and improve-
ment of aptitides for learning.

We have already discussed research advances that provide improved
understanding of the nature of students’ knowledge prior to instruction and the
nature of cognitive skills that they acquire in instruction. As one application of
this recent work, Herbert Ginsburg at the University of Rochester is drawing on
contemporary research on children’s mathematical th inking to develop a diag-’
nostic test of calculation skill. The test focuses on strategies and processes
underlying calculation: algorithms, systematic flaws, slips, and invented pro-
cedures. Properties of the test will be evaluated in relation to mstructlonal
purposes, particularly fer remediation.

Regarding the nature of learning aptitudes, research has been contribused
by Richard Snow and his colleagues at Stanford University, by Earl Hunt at the
University of Washington,-by Robert Sternberg at Yale University, and by
Robert Glaser and his colleagues at the University of Pittsburgh, among others.
Results of this research have contributed to development of models of the kind of
performance that has been assessed on aptitude tests, e.g., language compe-
tence, the manipulation of abstract concepts and relationships, the ability to
- apply knowledge to the solution of problems and various perceptual and
- memorial capabilities. Recent models of cognitive performance have expresséd
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detailed understanding of the nature of these abilities and the differences in
performance of individuals with high and low measured levels of aptitude that
can be considered in the development of new forms of diagnostic and achieve-
ment tests.

Il. Research Needs and Opportumtles

In this section we discuss questions for prospective research. We include toplcs
for which research findings would have important implications for education in
mathematics, science, and technology, and for which available scientific meth-
ods and concepts provide a strong basis for s1gmﬁcant new investigations.

We begin with two general comments. First, the topics that are considered
in Chapter Il involve questions that merit further investigation to test the validity
of our present conclusions and the applicability of the findings to additional
topics in curriculum content and educational practice. Second, the conclusions
that we have presented earlier require substantial efforts in applied research and
development for their implications to be translated into concrete materials and
methods for instruction. .

In the remainder of this section, we 1dent1fy important questions for
prospective research involving new lines of inquiry that would be valuable, in
our judgment, in addition to further development and application of the bodies
of research that are discussed in Chapter II. We organize this discussion using
the same general categories as were used in Chapter II.

ITI.A. Questions of Educational Content

II.A.1. Education for Effective Problem Solving, Reasoning, and Cog-
nitive Skills. A central question regarding education’s effecton students’ general
problem-solving and reasoning abilities is the question of transfer of knowledge
and training. Scientific methods have been developed to the point that we can
analyze the knowledge structures required for performance in problem tasks,
and these methods can now be applied to enable individuals to use knowledge
they have acquired in one’ domain to solve problems in another. Outstanding
questions include the relative importance and instructability of general prob-
lem-solving methods and strategies, relative to methods and strategies that are
tailored to the information and goals that arise in specific problem domains that
occur in mathématlcs, science and technology. Results of research on this -
problem could provide valuable guidance for the development of educational
programs in general problem-solving and thinking skills, which are receiving
considerable attention, and which might be quite inefficient if they are bemg

“developed on the basis of implicit assumptions that turn out to be based on
incomplete research findings.

A second research problem involves anal'/s1s of expert performance in
mathematical, scientific, and technological domrains. Much of this performance
~ appears to involve processes that have beconre automatic for the individual. -
Research is needed to clarify the role of practice in the acqu1smon of these
highly developed skills. A characteristic of highly automated skills is that they
are relatively opaque and dlfﬁcult to study scientifically. The nature of expert
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knowledge used in solving difficult problems (for the expert) is not well
understood. Further, knowledge in the form that it is found in experts may not
provide feasible instructional objectives for novices, who may need to observe
performance in which the components and conditions are identified more
explicitly than they are when an expert solves problems as examples for
instruction. The relationship between knowledge as it occurs in experts and
instructional methods needs to be examined thoroughly.

A third research problem related to these is a set of issues involving instruction
in cognitive skills. Cognitive processes involved in the teaching of mathematics
and science can be studied using the methods that now are used in studying
problem solving- and learning, and such studies would contribute needed
information for the improvement of teaching and instruction. The design of text
materials is based primarily on considerations of the organization of information
in the subject matter. Organization of information for effective learning may
differ from organization that provides the most elegant presentation of informa-
tion in the subject matter. Studies of textbook content and structure inrelation to
the principles of cognitive skill acquisition that are being developed in current
research would be valuable. '

II.A.2. Education for Technology. Profound questions regarding our
educational system are raised as our society gradually but inexorably becomes
satzrated with technology. Although craft technology preceded the rise of
science and mathematics, the last half-century has finally seen technology
become largely fueled by science. The result is the transformation of our
environment to an artificial one—that is, an environment where relations are
predominantly mediated by technology.

The main implication for education of the saturation of society with
technology is that understanding technology becomes a primary concern, along
with understanding science and mathematics. For it is not true that understand-
ing science and mathematics conveys an equal understanding of technology. To
understand science is to know the hidden structure of the natural world, to see it
as a domain. of laws and predictability. To understand mathematics is to know
the power of formal abstract symbolism to describe the scientific view of nature,
and to see how the prediction, control, and explanation of nature arises from
these symbolic descriptions. These prepare one for techniology, but they do not
provide an understanding of it and its use.”

Technology is what happens in the long run when purposive processes
exploit nature. In the short run, there occurs simple application—the rational
solving of problems. But in the long run there grows up a routinization of
problem solving, in which the natural world gets permanently organized to
permit purposes to be routinely attained. What results is a net of highly adapted
artificial domains. The domains are law abiding and regular, but they are
artificial in that they do not.occur freely in nature. In Herbert Simon’s felicitous
phrase, the study of these domains can be called the artificial sciences.

Needless to say, very little is understood about what a student should learn
about technology. We are only at the beginning edge of technological saturation.
Our experience so far is that technologies are immensely diverse, each its own
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microworld of regularity. But in fact there are great underlying commonalities, .
although many of them can only be pointed to at this point. Students should
understand that technologies tend to consist of components: with laws of
combination that are highly reliable and understandable. We make them that
way so that design and operation are easy. Design is a universal activity with
technologies, and design as a cognitive activity has much in common for all
technologies. Indeed, knowing something of design permits understanding of
many features of artifacts. Processes of control are important and full control
almost always implies an expllclt control system alongside the basic technology.
Questions of error, maintenance, and repair are central, as are specifications,
testing, and certification, also costs and economles and ﬁnally side effects and
latent functions. All these concepts have no place in natural science and rise to
prominence only when nature is organized to meet pervasive goals.

The current view of technology is of unbridled: diversity, as we humans
exploit natural structure in all conceivable ways. However, the continued and
spectacular growth of computers along all dimensions of performance and cost
is leading to their use for the control of a/l technology. This will have fundamen-
‘tal consequences for the shape of technology as it is perceived and felt by the
citizenry. Many aspects of our society will come to be mediated by common
interfaces with common capabilities and characteristics. These interfaces will .
continue to evolve, of course, but in ever-new forms they will still provide a
major constancy in our lives, like roads and buildings, and even language.

~ Learning about technology will have as a major component learning to live and
work with computer interfaces, networks, and software tools.

Education for technology must become a concern of our educational
process, taking its place alongside education in mathematics and science.
 Students must be introduced to the fundamental concepts of technologies, to see
these both in their general form and in diverse ways so they come to understand
' their generality and specific applications. Research is needed to provide clear .
characterizations of the cognitive skills and knowledge needed for successful
performance and understanding in technological domains, similar to those that
are becoming available in mathematics and physics. In particular, there is a need
for study of how people understand technological systems, including charac-
teristics of their mental models, both to aid in design of training for use and
maintenance of the systems and in design of the systems themselves to make
them comprehensible, usable, and maintainable.

In fundamental ways, educatlon for technology does not differ in kind
from education for science. The content i different, as indeed is the content of
~ one science from another e.g., physics from chemistry or astronomy. But in
- other ways, the conditions are quite unique. First, we are at a very early stage in
our understandmg of technology as a general category. Thus the fundamental
concepts are not as clear‘as are those of science. But even more, society is in a
developing state with respect to technology itself, not just with respect to our
understanding of it for intellectual and educational purposes. Thus the actual
state of technology a decade hence will be quite different than its state now and
new principles may well be emerging then. : :

“~
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The ascendancy of the computer as a umversal control system provides a
not too farfetched example. With such a movement could arise the homoge-
nization of technology, so that an immense amount of 1ntercommumcab1htv
would be possible over all uses. Such constancies would have the utmost
significance for the general use of technology by the entire population, and
would rate a fundamental place in the characterization of technology. (Lest
anyone still think thisis too farfetched, consider the development of the physical .
bit (i.e., the two-state device) as the common coin for all digital technology. In
the 40s and 50s machines were built with triadic logic and other non-binary
logics. All that has disappeared, presumably permanently.) As technology in
the school (and the rest of one’s life) becomes ubiquitous, there will be no need
to have a special computer laboratory with artificial problems in order to gain
experience. The uses of the computer for many educational functions will
provide *‘real-life” examples of technology in action. The. GOrrespondence of
the means-ends structure of technologies to an individual’s own means-ends
structure of thinking and problem solving will requ1re research to see whether
persons’ views of their own rationality constitute a ‘“‘naive rationality” analo-
gous to naive physics that is more an impediment than an aid in understandmg
the rational structure of technologies.

We need to know more about the cognitive skills and knowledge that are
required for intellectual tasks in the nonacademic settings spawned by tech-
nological advances. Methods of cognitive analysis can be applied to identify
knowledge structures that are needed for successful performance in technical -
occupations,-and for successful use and understanding of technology in our
lives.

The idea that technology joins mathematics and science as a triumvirate of
basic domains seems to respond to important changes in our society. But some
cautions are in order. One comes from the existing state of nonintegration of
mathematics and science education. To a large extent, each goes its own way. If
the result of adding technology is to create three separate educational domains,
each following its own course, it might be better to forego the whole enterprise
and simply muddle along. One possibility for hope is that the use of technology
throughout the curriculum could perforce produce integration at a more rapid
rate than the educational plgeon holes can promote its decay

I[A.3: Training in Cognitive Skills. A major programofﬂapplied re-
search and development is called for to design instructional methods and
materials that exploit research results showing that conceptual understanding
and formal skill are integrally related. In addition, the frequent occurrence of
flawed procedures that are acquired by students raises the important research -

" question of how incorrect procedural knowledge is learned. Investigation of this
question will provide important information about funddmental processes of
learning as well as indicating ways in which instruction can ‘be 1mproved to™
prevent the occurrence of incorrect learning.

Improvements in leamning can come about by the design of a program of
research and development that focuses on the learning skills that enable individ-
uals to profit from instruction and further experience. The demonstrated impor-
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tance of regulatory activities as a factor in learning success provides a basis for
~ further investigation to analyze those skills in detail and determine whether the)"
can be increased through instruction for general improvements in leamms
ability.

II1.B. Participation and Effectlveness

|

L

II1.B.1. Enlarging the Successful Student Group. We now understand that
children have preconceptions about topics in science and mathematics that
interfere with their understanding of concepts ‘and principles. Research that
investigates processes of changing students’ mistaken preconceptions is in an
early state, and -can be conducted productively with available methods and
concepts. We also know very little about the causes of children’s conceptualiza-
tions. It seems reasonable to conjecture that many of them arise as inferences
from ordinary experience—for example, to keep an object moving we must
continually apply a force to overcome friction and gravity; perhaps this pro-
duces the pre-Newtonian inference that bodies in motion tend not to remain in
motion. However, this reasonable conjecture should be examined and tested. A
more subtle hypothesis is that the conceptualizations that children develop area
result of their effort to understand the phenomena that they experience, and have
important explanatory functions in children’s cognitive structures. If this is the
case, the educational remedy for-mistaken preconceptions will be much more
complex than if the preconceptions are’Simply inductive generalizations. Rather
than simply being faced with phenomena that contradict their preconceptions,
children will have to acquire new explanatory concepts and relate them to the
phenomena that they have understood previously in terms of a different set of
concepts. -

A closely related issue is whether understanding of modern concepts of
science and mathematics requires proceeding through a series of stages involv-
ing incomplete and partially incorrect concepts, or whether an appropriately
redesigned set of experiences would allow children to avoid the mistaken ideas
that typically occur.

An important question for enlarging the group of individuals who under-
stand scientific and technological principles involves the extent to which these
principles can be acquired through informal experience that occurs outside of

.the academic setting. Scientific and technical information is available in our
society in a great variety of settings, including museums and television.
Systematic investigation of the processes of leaming in these settings could
provide important guidance for programs demgned to disseminate information
to the public in a broad way. "

Cognitive learning theory is ripe for expansion into a theory that can speak
to motivational ‘issues such as those raised by computer games, by sex dif-
ferences in math and science enrollment, and by public distaste for “school
math” and “school science” concurrent with public interest as evidenced by the
popularity of science magazines, television programs dealing with science, and
home computers. Work is needed on the extent to which extremely high levels -
of motivation (e.g., from electronic games) help or hinder different qualitative
types of learning, such as conceptual learning or ‘practice.
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Regarding participation of women and members of minority groups in
mathematical, scientific, and technical education, sizaple factual information
about some aspects of participation is still needed. In partlcular information
about the math and science participation of the members of various mirority
~ groups is needed. This information should be broken down by the relevant
ethnic groups that can be expected to differ and by sex within them.

Research is needed to determine how much of the large effect of prior
achievement is due to the intrinsic difficulty of continuting after poor mastery of
prior work and how much is due to the selection, tracking, and counselmﬁ;
practices of schools.

Methcdologically sophisticated measurement of the importance of factors
~ other than achievement is needed, especially for populations other than the
“general” -population, and especially for factors such as interest, liking, con-
- fidence, and percelved utility that are to be the focus of intervention efforts.
There is a need to determine the common and independent effects of these
factors and prior achievement or ability. '

There is a great need for research into the mathematical and scientific
concepts and skills that are actually needed in a variety of life roles—whether as
acommon citizen, abusiness person, or as a scientific and technical profession-
al. Students, teachers, and the general public have little knowledge of this and
the perceived rieed for mathematical and especially scientific education is
presumably reduced by that lack of knowledge.

Research into the early development of scientific interests is needed.
. Interest patterns seem to be a major determinant of participation in science, but
little is known abcut their origin and development. Cognitive explanations of
interest should be explored. It is possible that interest depends upon appropriate
prior knowledge and experience. For example, females seem to have much less
informal science-related experience with toys and hobbies in childhood. The
possibility- that the examples in science textbooks are biased toward majonty
" male interests-should be explored, as should effects of television progranis such
as ““Cosmos” and ‘‘3-2-1 Contact,” and other popular science media exposure
upon science interest. Sophisticated evaluation of intervention programs de-
signed to increase science participation is needed. To date there has not been a
“close correspondence between interventions designed to enconrage participa-
tion and the research on significant factors involved in participation. For
example, many of the interventions have focused on the presentation of role’
models, while the research has suggested the importance of achievement.

Despite the great increase in girls’ enrollment in advanced high school
mathematics, there are still great variations from school to school in the level of
girls’ participation. Research is needed to determine what characteristics of
-schools seem to promote high levels of math and science participation for girls, f
minority students, and all students, other than obvious factors such as high
ability levels of the incoming students or the high socioeconomic status of the
community. i
’ Since there has been, and presumably will continue to be some emphasis

on interventions designed to encourage science participation, these interven-
. . . \
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tions need to be based on existing research and to be thoroughly evaluated.
These evaluations, while initially expensive, are the only way to ensure cost-
efficient programs in the long run. Several methodological developments are
needed; it is necessary to have adequate experimental designs and measuring
instruments to assess the effects of an intervention. Further, assessment of short-
term outcomes of global measures are not adequate. Long-term follow-up of
specific components is needed. For example, many of the interventions com-
bine many elements—academic enrichment, “hands-on” manipulation, and
vocational information. It is imperative to determine the relative and/or com-
bined effectiveness of these components. It is also necessary to aetemune
whether there are differences in effectiveness for various individuals, sub-
groups, such as women and minorities, and whether these differences may be
specific to certain ages, fields, or background charactenstlcs of the learner.

JIL.B.2. Educational Use of of New Technology Technology develops
best when scientists with new theories are kept involved in the exploitation of
-their ideas. For this reason, an important form of research is the development of
exemplary prototype instructional computer systems, "‘\both to lead the private
sector and as research vehicles for more targeted basic research on leareing and
instruction. Some of the prototypes that seem most llker t0 be important are -
intelligent tutors that can help improve the effectiveness of the .current teacher
. corps and, in fact, could provide instruction to both children and their teachers.

Prototypical systems also are needed to exploxt the computer’s eapablllty to
simulate and explicate mathematical and scientific principles. Systems of this
general kind have been developed for topics in elementary mathematics and
physics, but vicher versions dealing in greater depth or with more Omplex
subjects are now needed. More important, these systems need to be exploited as
cognitive research vehicles. Protoypes are needed also to provide examp\es of
use of environments for instruction in programming, and systems that provide
diagnosis and assessment of students’ specific knowledge and more general

levels of capability in mathematical and scientific domains. )

Experimental schools, in which the use of these tools in heavnly saturated
modes is possible, would substantially aid cognitive research on mathemgtlcs
and science learning. Some systems should also be placed in nonschool settings
(settings open to the public, such as libraries or museums) to facilitate research
on updating the technologlcal and scientific knowledge of the general adult
populace. :

A general issue that should be addressed in the context of the above
systems is the extent to which intensive environments can be developed in
which students are immersed in using science and mathematics. Do such
environments result in substantially better learning? To what extent do inte-
grated programs of mathematlcs science, and technologlcal content facnlltate
learning? : -

Computer-nch J:laserOms allow new styles of learning. Of particular
importance are learning activities involving pairs or small groups of students,
peer tutoring, ¢ollabgration/competition, etc. Observational and other research -
is needed in order to have abetter description of processes and outcomes insuch
environments. :

138 L '145 N\

. i . . . \'\ ‘\\



HI.B.3. Testing and Instruction. Work is needed on cognitive psycho-
metrics, a science of measuring the level .of skill attainment in cognitive
domains. With such assessment capability, work should proceed on the evalua- -

. tion of novel programs of instruction, including use of programming environ-
ments. Particular attention should be paid to the extent to which skills learned in
these domains transfer to other technological areas and conditions under Wthh
such transfer occuts.

Research is needed on aptitude differences and ways of tailoring intelligent
instructional interactions to aptitude differences. Microtheory is well on its way
that provides a basis for diagnosing deficiencies in cognitive procedures by
specifying in detail the components of procedures that give errors in perfor-
‘mance. There s a significant need for theoretical development for assessment of
student’s conceptual understanding related to their procedural knowledge,
including their knowledge for representing problems and of principles related to
general problem-solving methods. Theories dealing with more, general apti-
tudes (e.g., reading facility, spatial/visualization skills) need much more work
but have high potential long-term payoff. Some of this research should be
specifically directed at differences that relate to equality of access by both sexes
and by different races and cultures to math and science education.

IV. STRUCTURES FOR APPLICATION AND SUPPORT

In this final section we comment on some conditions that we consider important
for the continued development and use of scientific knowledge about cognitive
and behavioral processes relevant to education i in mathematlcs science, and
technology. : - ‘ ~

" We are particularly concerned with development of condmons that will -
increase the accessibility of research findings within tHe various communities
that provide instructional materials and teaching services. The relationship
between cognitive science and the educational community is not nearly as close
as the relationship between physical science and en gmeermg To a large extent,
the greater distance between science and practice in education results from the

. recency of development of many of the basic scientific ideas and methods. But
current understanding of human cognition is at a point where it is important to
develop conditions that enable the use of scientific results as easily and quickly -
as the usefulness of the results warrant. :

A tecessary condition for the development of new materials that take
account of research findings in cognitive science is collaboration in research and
development between cognitive researchers, specialists in the subject matter
domains of mathematics, science, and technology, and educators. This is\
needed to ensure that instructional development will be informed by a deep
understanding of the requirements of classroom instruction and of the con-
ceptual structure of the disciplines to be taught, as well as the best available
knowledge of learning and thinking processes. In the past, the programs of
research and development in science education at the'National Science Founda-
tion have facilitated this kind of collaboration in-valuable ways.
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A critical dimension of efforts to facilitate application of research results is
the training and retraining of teachers. One key difference between today’s
educational research climate and that of 20 years ago is a growing recognition

- that the teacher should be considered as a serious professional who can become
- involved in curriculum construction and the interpretation of research. Teachers
should be collaborators in doing research as well. Programs should be consid-
ered that would enable teachers to spend substantial amounts of time regularly
in collaborative research with other teachers and with cognitive and behavioral
scientists. This would enable teachers to dgvelop greater confidence and compe-
tence in developing curriculum for their own classrooms;, and also to begin to
understand and appreciate contributions that recent research in cognitive sci-
ence can ma\ke to their teaching. Inclusion of teachérs as collaborators in
research would also benefit the research enterprise by providing continuing
information about the context in which research findings will be applied.

Use of research findings also depends very strongly on the process of
teacher training, and programs could be considered that would provide iiicen-
tives for schools of education to develop innovative ways to include findings of
recent research in their courses-and in-service training institutes.

As ‘with any science, rescar ©~ .- . to educaticn in mathematics,
science, and technology is a cumulauve process that requires continuity of -
support if it is to maintain a productive level of contributions. The quality of
American education in mathematics, science, and technology stands to benefit
from maintenance of a stable source of support for scientific research on
cognitive and behavioral processes. At the present time, there is scientific:
knowledge available that could be used for improvement of educational mate-
rials and methods, and an increased effort in basic research would provide
-further results of considerable value. We judge that an increased level of support
would be beneficial for this work, and estimate that increased funding at arate of -
as much as 20% per year could be used productively for major improvements in
a citizenry prepared with the knowledge and skill required for personal growth
and social contribution required in modem scientific, technological societies.
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RESULTS OF A 50-STATE SURVEY OF
INITIATIVES IN SCIENCE, MATHEMATICS
AND COMPUTER EDUCATION

Report from the Education Commission of the Stntes (ECS)
Prepared Under the Direction ¢f Jane M. Armstrong, ECS

s

INTRODUCTION - ’

This 50-state survey of mathematics, science and computer education initiatives
was undertaken by the Education Commission of the States to identify the
number and diversity of responses states have recently made to the national
crisis in precollege mathematics and science education. Everyone is aware of
the problems. They have been described in Today’s Problems, Tomorrow’s
Crises (preliminary report of the National Science Board Commission on
Precollege Education it Mathematics, Science and Technology), A Nation at
Risk: The Imperative for Educational Reform (report of The National Commis- |
sion on Excellence in Education), Action for Excellence: A Comprehensive Plan
to Improve Qur Nation’s Schools (report of the Task Force on Education for
Economic Growth), Making the Grade (report of the Twentieth Century Fund),
to name a few recent reports, and now in the final report from the NSB
Commission, Educating Americans for the 21st Céntury.

States have already begun to respond to the educational challenges
Several states have passed sweeping education reform acts in the past year; other
states have earmarked millions of dollars to get computers into every school and

_ train teachers to use them. More than half of the states have either recently raised
#their high school graduation requirements in mathematics and/or science or
have increases.pending approval. Nearly every state has taken some.new
initiatives to alleviate the shortage of science and mathematics teachers.

The descriptions of state initiatives that follow are the result of a question-

. naire mailed to every state, followed by telephone interviews primarily with

chiefs of instructional divisions, or governors’ education aides and mathematics

and science specialists in state education agencies. Written materials from states

were used to provide additional detail. Recent state newsletters as well as
articles in national publlcatlons were also used.as sources of information.

The survey questionnaire asked states to describe their initiatives in grades
K-12 in mathematics, science or computer educatien regarding; task forces or
commissions; graduation requirements; instructional tifne; curricular guidelines
or performance standards; special programs, schools, institutes or centers; and
teacher training. ‘ : :

Only those state initiatives’ taken between 1982 and the present are in- -
cluded. Althotigh hundreds of initiatives were privately or locally sponsored (for
example, most curriculum is determined at the local level), these were not
included either, since the emphasis of this survey was on state actions. Finally,
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initiatives which nearly every state is undertaking—such as assembling micro-
computer laboratories at the state education agency for teacher training and
courseware review—are not reported, since they appear to be so similar and
widespread. .

The Education Commission of the States is grateful for the support from
the National Science Foundation to conduct this survey and other related
artivities.

I. \TASK FORCES CR COMMISSIONS (Quallty or
Excellence)

The Alabama Interim Commission on Elementary and Secondary Science and
Mathematics has recommended a reevaluation of science and mathematics
education guidelines and requirements in elementary and early childhood
education. The commission has suggested 30 minutes of science instruction
daily in elementary schools and thorough review of the K-9 science curriculum.
It is also recommending that an additional $1 million in state funds be made
available to local education agencies for scienée laboratory equipment. Finally,
the commission supports extending the contracts of science and mathematics
teachers by one month to improve preparation for the school year.

~ Arizona Governor Babbitt recently appointed a 20-member statewide task
force to study all aspects of Arizona education. The Committee for Quality
Education is chaired by John Schaefer, former president of the University of
Arizona. The Committee will examine the national reports on education and
" report back to the Governor on the status of Arizona education by October 31,
1983. 4

Under the Quality Education Act of 1983, a new state Education Standards
Committee has been formed to recommend new curriculum standards for
.Arkansas public schools. The Act designates that the State Board of Education
nominate 15 people, including teachers, school administrators, parents, college
personnel and interested citizens. The law requires the committee to complete
its study and file a report with the state board of education and with the Joint
Interim Committee on Education of the Arkansas General Assembly by January
1, 1984. The committee will recomunénd proposed regulations, criteria and
minimum standards to evaluate schools for compliance with minimum accredit-
ing standards. New standards for the state’s public schools must be adopted by
March 1, 1984. The new stindards would become effective June 1, 1987

allowing school districts three years to comply.

The State Department of Education in California has organized five task
forces to develop model curriculum standards in (1) mathematics, (2) science,
(3) computer education, (4) language arts and (5) history/social sciences.

Colorado Governor Lamm is appointing a state task force to'study recent
national education reports, the status of Colorado education and its relationship
to state economic growth, teacher shortages in_mathematics and science, and
other issues. The task force will consist of state educauon officials, teachers,
school admlmstrators and members of the busmess and industry community. «
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The task force will present its recommenda.lons to the 1984 Colorado
legislature.

In July 1983, the Colorado State Board of Education established a curricu-
lar task force to study science and other subject areas within the state, The task
force was created as part of the board’s ‘“‘Operation Renaissance,”” a project
designied to upgrade education in response to the needs of a high technology
society. The charges of the curricular task force are many, including increasing
high school graduation requirements, basic student competencies, desirable
teacher education program changes and the updating of teacher skills. The task
force will make its initial recommendations in late September.

In 1982 the Colorado State Board of Education appointed a Task Force on
-Mathematics Education The task force is composed of teachers, school board/

industry. The task force submltted its prelmunary recommendatlons to the
- board in July 1983, which included: (1)-three years of mathematics in grades
9-12 (the task force emphasizes mastery of skills, however, and realizes some -
students may reach mastery in two years), (2) three years of mathematics for the
college bound and four years of mathematics for students entering mathematics- -
or science-related fields, (3) revision of certification and recertification stan-
-dards for mathematics teachers and (4) more college preparatlon in mathematics
for elementary teachers.

Delaware’s Governor DuPont has recently established a new commission
on excellence in schools, to be chaired by the Lt. Govemnor. The 32-member
panel includes representatives of‘business and industry, parents’ groups, Gniver-
sities and students as well as legislators, education leaders and heads of state
agencies. The commission is charged with developing an ‘“‘agenda for excel-
lence,” a plan for improving Delaware schools. To solicit citizen input, public
hearings and visits to schools are planned. This group will submit its report,
including recommendations and financing altematlves to the govemor pnor to
the 1984 legislative session.

' The Delaware Compittee to Insure the Availabilfty of Professional Educa-
tors in critical Curricular Areas was recently created by a joint resolution of the
legislature. This 21-member . group, representing local education agencies,
~ colleges, community groups.and industries, will study teacher shortages in all
areas including mathematics, science and computer educatlon In September:
1983 the State Department of Education will conduct a major survey of school
districts’ mathematics, science and computer education programs. This survey
will examine course offerings, teacher requirements and special needs and/or
problems facing local education agencies, e.g., turnover-and retirement, The
results of this survey will be reviewed and utilized by the committee in the -
preparation of its reports to the leglslature and Govermor, Wthh are due 1n
January 1984. :

‘ The Flonda leglslature recently approved the orgamzatlon of the Florida
Quality Instruction Incentives Council which will be composed of 15 appointed
‘members who will oversee the development of subject area tests and teacher

performance evaluation instruments; suggest appropriate distribution of funds;
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and oversee the implementation of educational reforms adopted by the 1983
legislature.

Recent legislation in Florida (38-B) requires the Commiscioner of Educa-

tion to develop a comprehensive state plan for the improvement of mathematics, -

science, and computer education programs in public schools. The plan will

provide a framework for preparing and approving programs that address curric--
ular goals, cost estimates for equipmeni and facilities, essential teacher charac- =~

teristics and recommend2d courses of action.

In April 1983, the Florida Speaker’s Task Force Report on Mathematlcs
Science and Computer Education was released. The recommendations will
serve as a basis for developing new legislation to revitalize the curriculum in
science, mathematics and computer education and to enhance the qualjt)/ and
quantity of teachers in thesc areas. ‘

Governor Harris of Georgia has appointed the 40-member Educatlon

Review Commlssmn which was created by a joint House-Senate resolution.

The commissicn is charged with defining quality basic €ducation in Georgia -

and finding mechanisms for funding it. Ten commission members are legisla-
tors; other members are business people, educators and concemed citizens. The
commission has already held two meetings. It hopes to prepare preliminary

recommendations for the 1984 legislative session and will complete its work in

December 1984. As part of its broad look at education in Georgia, the commis-
sion is expected to study issues related to mathematics, science and compater
education.

The Idaho Board of Education created a Commission on Excellence.
Their recommendations- in- September 1982 focused, in part, on increased

mathematics and science requirements for graduation from high school. The .

state board is now preparing to implement the recommended standards, follow-
ing evaluation.

The Governor’s Task: Force on the Quality of Mathematics and Science
Education in Illinois is cornposed of staff from the State Board of Education, the
State Board of Higher Education and the Governor’s Commission on Science
and Technology. The Task Force was established to study issues such as high
school graduation and college entry requirements in mathematics and science,
high schools for academically talented students, methods for improving teacher
training in the use of computers, mathematics and science curriculum changes
and improving teacher quality and skills through pre- and in-service training.

~The task force will complete its work in December 1983 and will report its
recommendations in early 1984.

The Governor’s Commission on Science and Technology is an ongoing
~ commission of representatives from industry, the Illinois Board of Education
and the Illinois Department of Education. The commission is studying pre-

college e and postsecondary education related to science and technology, salary

increases for professors, the development of high- technology industrial parks :

research topics and other issues.

HR 326, adopted June 28, 1983, requires the Illinois Board of Higher
Education to study the range of teacher training programs aqd the capacity of
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schools to train more mathematics and science teachers. The board will also
examine the number of prospective mathematics and science teachers enteting
training programs and the number actually receiving certificates. The age and

~ geographic distribution of new teachers will be documented. The board will
inform the House of other academic areas where teacher shortages are develop-
ing. Recommendations arc due no later than March 1984. L

~ SIR 61 establishes the Commission on the Improvement of Elementary

and Secondary E<acation which will study K-12 education in Hlinois. The 20-
member commission will report its recommendations to the General Assembly
by October 1984. The commission will study all aspects of Illinois education,
including mathematics, science and computer education. Members of the
commission will be appointed by the Governor and will include five Senators,
five Representatives, five members of the School Problems Committee and five - -
people from the general public.

In March 1983, the Sunset Evaluation Committee completed a perfor-
mance audit of the entire field of education in Indiana. The audit noted that the
Department of Public Instruction needs greater policy direction if it is to
improve the quality of education in the public schools. The audit contains 13

- findings to assist the General Assembly in developmg leglslatlon needed for
educational improvements.

In April 1982 Governor Orr appointed a 9-member commission to study
and evaluate Indiana’s primary and secondary education system. The Gover-
nor’s Select Advisory Commission for Primary and Secondary Education was

- asked to identify—and make recommendations for thé removal of—barriers

which keep the system from attaining the highest quality education for Indiana -
students. Immediate recommendations from the commission are that the state
develop loan and grant programs to reduce teacher shortages; establish and fund
a computer training and loan program for teachers and students; expand gifted
and talented programs and approprlate sufficient funds in 1983 to address the
identified needs. ———-

The Iowa legislature has recently established an ll-member task force to
develop a ten-year work plan for edncation in Iowa. A final report is due in
. November 1983. ‘ '

The Department of Public Instruction and the Governor’s office are co-
sponsoring 15 public forums around the state to talk about the various recent
national reports on education and their implications for Jowa. These regional

-meetings are to culminate in a statewide meeting in December 1584. -

The Education Committee of the lowa Academy of Science is an advisory
group that makes recommendations on science to the Department of Public
Instruction and the fowa Academy of Science. The committee recently com-
pleted a report, at therequest of the Governor’s Science Advisory Council, on
the status of science teaching in Iowa schools.

A major task force formed by Governor Ray reported recommendations
on mathematics, science and foreign languages in November 1982. The legisla-
ture acted on ‘many of these recommendations in 1983.
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In February-1983, Kansas Governor Carlin appointed a Commission on
High Technology whose primary task is to investigate ways to attract high
technology industry to the state. Included in the commission’s studies is how
education can contribute to the state’s goal of expandmg its economy in high
technology.

In June 1983, the Governor appointed a Governor’s Cabmet for Education.
The 13-member panel includes directors of the state’s principal education
organizations. Its major charge is to establish local citizens’ advisory. groups. .
which will contribute to education policy making. The local task forces will
study and make recommendations on the quality of public education in their
school districts. Ultimately there will be about 300 local task forces. In addition
to conducting the local task force advisory program, the Governor's Education
Cabinet is studying education issues, including the quality of science and
mathematics courses, merit pay, teacher preparation and student productivity.
Recommendations to the Governor are due December 1983.

The Superintendent of Public Instruction in Kentucky appointed six task
forces to study problems and make recommendations on the following topics:
school finance, vocational education, accreditation, extended employment for
teachers, and competency testing and assessment for teacher certification: The
task forces are composed of citizens, teachers, administrators and state educa-
tion agency representatives. Each group will report its findings in the fall of
1983.

The Science Advisory Council of the Kentucky State Department of
. Education-recommended-in-April -1983- a-**hands-en*-approach-for-teaching --
science to elementary students. The council also recommended identifying
regional science resource teachers to provide immediate and knowledgeable
support to science programs in individual schools and to assist inservice science
programs.

‘In July 1983, Governor Brennan created the Governor’s Commission on
the Status of Education in Maine. The charge to the 16-member commissjon is
to review Maine’s education system from preschool through college and to
identify needed changes. Specific charges to the commission include identify--
ing ways to improve the quality of learning in Maine’s schools, assure quality
teaching, improve vocational education, finance the educational system and
increase public involvement in quality education. A preliminary report is due to
the Governor by the end of 1983 and the final report, including recommend-
ations for legislative action, is due December 1984.

A 21-member Maine Congressional Citizens Education Advisory Com-
mittee will complement the work of the Governor’s Commission. The Commit-
tee will be looking at: (1) how Maine’s teachers are hired and how much and on

_what basis they are paid; (2) how many students are in Maine’s schools and what

percentage go on to postsecondary education; (3) how the state pays for
education; and (4) the federal role in Maine’s educational system.

In June 1983, Governor Hughes of Marylard appointed the Commission
to Study School Finance, which will probably consider differential pay for
teachers in mathematics and science. The Maryland Board of Higher Education
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has appointed a Financial Aid Task Force that may recommend scholarships for
teacher candidates in mathematics, science and other subjects in which teacher
shortages are possible. - : B

The Maryland Commission on Secondary Education, recently appointed
by the State Board of Education, is undertaking a major three-year examination
of the substance and structure of the state’s public high schools. Individual task
forces will examine graduation requirements, curriculum, student services and

activities, instruction and-instructional support, and school administration-and - -

climate. The commission will make recommendations to the state board. The
analysis' of graduation requirements and curriculum is to be completed by
October 1984; recommendations are antlclpated for changes in science, mathe-
matics and computer education.

, The statewide Commission on Quality Teaching presented its recommend-

ations to the Maryland State Board of Education in October 1982. The board has
not yet acted on the recommendations, but support seems strong for providing
tuition assistance to train teachers in hlgh demand areas like mathematics and
science.

Following arecommendatic: by his Ad Hoc Committee on High Technol-
ogy, Governor Hughes will appoint an ongoing High Technology Roundtable
made up of representatives from education and industry. The roundtable will
address the needs of business and how education can help meet those needs. The
particular focus of roundtable members will be engineering and technology in
secondary and higher education.

“InMay 1983, the Maryland State Department of Education, the Maryland
Academy of Sciences, the University of Maryland and the Governor’s Science
Advisory Council held a one-day workshop on *“Potential Solutions for Mary-
land Science Education.” Foliowing the conference, the State Board of Educa-
tion appointed representatives from industry, government and the schools to
analyze curriculum and graduation requirements and to recommend; by Ccto-
ber 1984, changes in science instruction in Maryland public high schools.

Quality and excellence for the future of Massachusetts’ public education
are top priorities within the state. In June 1983, Governor Dukakis appointed a
commission to study elementary and secondary education, including adult
basic literacy. Commission members include the Commissioner of Education
and representatives from the Joint Education: Committee, the Massachusetts
Board of Regents and the State Department of Education. An advisory group
composed of teachers, business and industry will assist the commission. The
commission will study school finance, curriculum, merit pay, public-private
partnerships and the relationship between technology and education. The"
commission’s recommendations and a state education plan are due in December
1983. :

The Massachusetts Depaﬁment of Education sets up ad hoc task forces to .
study specific issues and dlsmplmes In 1983, three task forces are studying
mathematics (ﬁmshed spring), computer education (summer) and science (fall).
The task forces’ recommendations will be used to strengthen four state initia-
tives: (1) a statewide retraining program for science and mathematics teachers,
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(2) a computer resource bank in science, mathematics and mstructlonal technol- |
ogy, (3) a state clearin ghouse on education and (4) acomputer software adwsory
service.

The Michigan Supermtendent of Instruction has appointed a Task Force
on Mathematics and Science to study the current status of science and mathema-
tics education in the stite and develop recommendations for action related to
state policy, funding and activities that will encourage support for the improve- -
ment of mathematics and science instruction. Subcommittecs are studying
certification, assessment, high school graduation requirements, use of com-
munity resources, state board policy related to science and mathematics and
professional development for reassigned teachers. The final report is due in
June, 1984. ~

The Minnesota State Board of Education appointed last fall a Task Force
on the State-of-the-Art of Science Education in Minnesota. The 11-person task
force is composed of university faculty, teachers and science supervisors. To
date, the task force has distributed a survey throughout the state and results are
being tabulated. The questionnaire surveyed teachers and principals in areas
such as K-12 science curriculum, textbooks; instructional methods and use of
audiovisual equipment. Results of the survey will be available in the fall of 1983,°
and there are plans to relate the results to science achievement data for the state.

The Minnesota Council on Quality Education (CQE) was established by
the Minnesota legislature in 1971 to promote cost-effective innovations in public
education. The council develops funding pollmes and procedures based on state

"“Jaw and recommends project grants for improving education; some of which- -

involve mathematics, science and new technologies. The State Board of Educa-
tion approves project grants and oversees the council. Projects funded under the
program include efforts to develop new materials, design alternative education,
equalize education opportunity and increase the use of new technology.

The Minnesota Alliance for Science is coordinating mathematics and
science improvement efforts by business and industry, school districts, colleges
of education and public agencies. The alliance was formed in early 1983 and is
supported by the Bush Foundation and the University of Minnesota. Among its
other duties, the alliance will develop a plan for recruiting, training and
retaining more mathematics and science teachers. Recommendations will be

. submitted to the Minnesota Board of Education in the fall of 1983.

Minnesota Governor Perpich is planning te appoint a state commission on
education for economic growth. The commission is expected to examine
education issues related to the growth of technology within the state, including
the skills required by students and teachers. Improving the business and
industry contribution to public education is another issue the commission will

_ﬁ_h_study e e

Mississippi’s Performance Based School Assessment is a 17—member task
force appointed by the Governor. The task force will propose a plan to establish
guidelines and criteria for a performance-based school accreditation system in
Mississippi. It is responsible for making recommendations concerning curricu-
la and courses of study to the accreditation. commission. The report is due by
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April 30, 1984. The commission will be responsible for developing an interim,
performance-based accreditation system based on the task force report. After
July 1986, schools must comply with the standards and will be audited by
trained evaluators.

A 15-member Comrmss10n on Teacher and- Administrator Educatxon, '
Certification and Development was appointed by Governor Winter for a 14-
month term beginning July 1983. The certification commission is expected to
set standards and criteria for public teacher education programs, establish
standards for certification and recertification, and report on current practices
and issues in teacher education.

Recent legislation in Mississippi requires the Department of Education to
study the extent to which children master one level of coursework before
advancing to the next; what may be done to assure that the progression is
properly sequenced; and what steps are being taken to assure that children
progress toward mastery of the material. o

In March 1983, the Montana Task Force on Science reported its rec- .
ommendations to the Office of Public Instruction. The charge of the task force
was to assess the needs of science education, identify instructional goals and
recommend actions for improving science education. Recommendations i in-
cluded - upgrading certification standards for new teachers. in grades K-12,
improving the elementary school science curriculum, limiting laboratory class
size and upgrading preservice science education. '

_ The information from the Montana task forces for mathematics ancx
- science -was -used -in-.an ‘overall task. force_report, .Excellence_in. Montana. ™
Schools. This report was completed by a committee of 26 individuals represent-
ing a variety of education‘and private sector. interests and selected by the
Superintendent of Public Instruction. The report was released in April 1983 and
the Board of Public Education has adopted the report and is lookmg at ways to
implement the recommendations.

In Nebraska the Governor’s Task Force on Excellence in Educatxon is
using the two reports, A Nation at Risk and Action for Excellence to determine
the status of education in Nebraska. The 30-member panel is composed of
teachers, administrators, school board members, school superintendents, state
senators, post secondary educators and citizens. The task force is using town
hall meetings to collect information and make recommendations to the Gover-
nor by September. The Governor is expected to ask for rule changes and new
legislation to implement the recommendations.

Senate concurrent Resolution No. 55, passed in the last Nevada leglslatxve '
session, directs the legislature to appoint a special committee to study education
in the state. The committee is required to study the report of the National
Commission on Excellence and report its recommendations on Nevada’s school
system to the Governor, the Department of Education, school districts and the
legislature. Recommendations are due by October 1984.

The New Hampshire State Board of Education established a State Com-
mission on Excellence in Education to examine the report of the National
Commission on Excellence and relate it to public schools in New Hampshire.
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The commission is composed of 30 members representing teachers, the school

_board association, the school principals’ association, the Governor, state college
system, university system, private schools, the legislature and business. Six
committees have been appointed to study higher education, economic impact.
teacher certification, curriculum and graduation requirements, time on task and .
the process and effectiveness of schooling. The commission is expected to issue
an interim report in October and final recommendations in January 1984.

In Jafwary 1983, the New Hampshire State Department of Education-
“surveyed its 181 middle and secondary schools to collect statistics on science,
mathematics and computer education classes. Questions covered enrollment
patterns, course offerings and teachers’ areas of certification. The state depart-
ment is preparing a status report using the results of this survey. )

The New Jersey Advisory Council on Mathematics and Science Teacher
Supply and Demand issued an interim report in March 1983. The advisory
council was established jointly by the Commissioner of Education and the"
Chancellor of Higher Education in the fall of 1982. The council consists of 15
members representing secondary education, postsecondary education and busi-

ness and industry. Its charge is to explore the conditions affecting the teaching of =

mathematics and science (particularly in grades K-12) and to make short-"and .

long-term recommendations for improving these conditions. The interim report
-suggests there is a need to increase the quantity and improve the quality of

mathematics and science teachers in New Jersey. It also suggests improving the
training, prestige and quality of work life for teachers. Priority recommend- .
_ ations include: developing career education programs that emphasize science

and mathematics skills, €ndoisinig the K=12 mathematics and science curriculum - -

improvement objectives and encouraging school districts to share equipment
and resources.

New Mexico Govemor Anaya appointed a commission on higher educa-
tion and a commission on elementary and secondary education to plan a major
conference on educationand high technology. The September conference will
include legislators, school and university administrators and school board
members. The conference is expected to generate recommendations regarding
future links between education and high technology. The conference findings
will be published and disserninated at a follow-up conference which will be held .
in October 1983, to solicit teachers’ input. Joining in this exploration of the
state’s education future will be “Project Uplift,” a future-oriented consortium -

_of the state education agency, the Albuquerque school district and other local
education agencies.

The New York State Board of Regents sets standards for the quality. of
education throughout the state with commissioner’s advisory committees in
each subject. The regents have begun a two year review of the goals and results

of elementary and secondary education; involving citizens at regional meetings.
The-meetings are a continuation of highly successful regional meetings con-
ducted for the past five years and have involved more than 20,000 participants
who have provided the regents with useful public and profess1onal reactions to
major educational issues.
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The Business Commission on Mathematics and Science Education in
North Carolina s a statewide task force of businesses which assists in develop-
ing education programs, locating resources and obtaining commitment among

‘businesses for education. A major activity of the commission is the identifica-
tion of outstanding teachers who then receive awards and scholamhlps Rewards
are also given to outstanding businesses.

The North Carolina Governor’s Task Force on Sc1ence and Technology is -
composed of scientists and engineers who are examining the impact of tech-
nological change within the state over the next 20 years. There is strong
erphasis on education for economic growth, including issues concerning
mathematics and science education in grades K-12. The task force is also
studying research and training related to technologlcal change. The task force’s

final report,is due in November 1983.  °

North Carolina Governor Hunt is establishing a task force to examine the °
relationship between education and employment within the state. It will be
patterned after the Education Commission of the States’ Task Force on Educa-
tion for Economic Growth. Governor Hunt will chair the task force and will
appoint approximately 25 members representing the business, industrial and

education sectors of North Carolina.

"The North Carolina Mathematics Curriculum Study Committee will pres-
entthe results of its two-year study to the State Board of Education in September
1983. The State Superintendent-appointed task force has made 62 recommend-
ations to improve the quality of mathematics instruction for all students in North
Carolina. Among the recommendations are integrating technology into the

- curriculum from kindergarten through high school, requiring.each elementary. .....

student to have 60 minutes of mathematics daily and increasing high school
graduation requirements in mathematics from two units to three. The rec-.
ommendations also address issues such as teacher-pupil ratios, mathematics
resource teachers and increased pay for mathematics teachers.

North Dakota Governor Olsen held a conference on Education, Training
and Employment for the New and Emerging Technologies in June 1982. The
purpose of the conference was to explore changing technology in North Dakota,
the impact of that change on the state’s workforce and-the efforts of education
and training programs to prepare students and others for the changing environ-
ment. Goals of the conference included increasing the quality of science, -
matheratics and computer instruction in elementary and secondary schools.
Discussion groups atthe conference focused on these issues and recommended
what schools, business and industry, and the state government can do to help..

The Govemnor also convened a conference on public education in August
1982. A steering committee representing nine state agencies sponsored the
conference. Discussions and questionnaire rusults centered on basic skills,
goals of the American high school, secondary curricilum, changing social

- trends, teacher qualifications and test scores. Recommendations were made
regarding what each state agency could do to improve the quality of education.

The Commission on Educational Excellence was established in October
1982 to assist in planning for the future of elementary and secondary education
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in Ohio. The tasks of the commission are to; identify and assess trends and
issues that will affect Ohio schools, formulate objectives to be pursued by Ohio
schools, and develop strategies for reaching these objectives. The seven major
questions the commission has been asked to address are: (1) What will be the
impact of technology on-teaching and learning? (2) What type of delivery
systern will meet the educational needs of the future? (3) How can educators
best equip themselves to function in a world of rapid change? (4) What should
be the outcomes of leamning? (5) How can educational quality be assured? (6)
How can education professionals best be prepared? and (7) How can schools
- become more fiscally-and-programmatically-accountable? To expedite thework .
of the commission, each question is being assessed in depth by one of seven task
forces composed of commission members. The commission expects to com-
plete its work and report to the State Board of Education in December 1983.

The Ohio Advisory Council for College Preparatory Education has recom-
mended that college-bound Ohio high school students take three years of
science and social studies, four years of English, three years of mathematics and
two years of foreign language. The council was jointly created by the Ohio State
Board of Education and the Ohio Board of Regents to study issues of college
preparatory education. ' . ‘ ' ‘

The Ohio Department of Education has recently released a report, Moving
Toward Excellence, that documents Ohio’s educational progress in light of the
National Commission on Excellence’s report, A Nation at Risk. Moving Toward
Excellence highlights new educational standards, increasing learner productivi-
ty, strengthening teacher education, identifying instructional uses of computers,
implementing school improvement programs and strengthening vocational

AR AR. " T T e S e A

In June 1983, Oklahoma Governor Nigh created a 25-member study
commission to review the feasibility of establishing a state residential school for
mathematics and science. Such a school would be particularly beneficial torural

. students who frequently do not have access to a full range of courses in
secondary mathematics and science. The commission is expected to submit a
report and budget to the Governor in October 1984. "

The Committee on Science and Mathematics Education in Oregon was

formed to assist the Superintendent of Public Instruction. The committee is

" studying the quality of mathematics and science education, student needs, plans

' to strengthen instruction and cooperative programs with businesses. The com-

mittee will submit specific rrzommendations to the superintendent by Decem-
ber 1983. '

The Pennsylvania State Department of Education has established a Sci-
ence and Mathematics Task Force. The Task Force is examining statewide needs
over the next five years in science, mathematics and computer education and
their implications for curricula, equipment, teacher supply-and demand, and -

—teacher training —The taskforce-recomimendations-are-due November-1983——

The South Carolina Department of Education completed two task force
studies in January 1983 which provided the basis of the new “Move to Quality™
program, a 41-point plan by the state superintendent. The plan will “accelerate
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progress and improvements” by increasing academic standards and vocational
education standards, as well as target funds into mathematics and science
education expansion. It is expected that the planwill receive top legislative
priority in 1984. The Department of Educatior: has taken the task force results
into consideration and approved new ¢urriculum guidelines and increased
graduation requirements.

In June 1983, Governor Riley of South Carolina appointed a blue ribbon
panel to look at the long-range question of excellence in South Carolina public
education; with particular emphasis on science and mathematics. A priority of -
the panel is to improve education for South Carolina’s growing high technology
economy.

Also in June 1983, the Governor appointed a 25-member business-educa-
tion partnership panel to work with the educational excellence panel. The panels
will recommend ways business and industry can contribute to public education
policy and will study mathematics and science education.

The South Dakota Joint Boards Task Force is composed of members of the
Board of Regents and the State Board of Education. The task force is holding
- hearings and forming recommendations on high school and college graduation
requirements, curriculum content and education policy as a whole. The task
force will continue its review into the 198384 school year.

South Dakota Governor Janklow is appointing a State Commission on
Excellence to study the recent national education reports and their implications
for the state.

. ..The.Texas. Education. Agency,. in.response..to..the.1981..legislation, -is. .
seekmg improvements in curriculum and changes in graduation requirements.
With the assistance of various professional organizations, parents, teachers and
administrators, staff at the state agency developed recommendations which
include the following: (1) the adoption of essential elements that students in
public schuols must master in various courses, K-12, (2) an increase in the total
credits needed to graduate from high school, (3) an increase in the mathe}n’atics
graduation requirement, from two to three years, and (4) an increase in the
science graduation requirement, from one to two years. Although computer
literacy was not among the required subject areas identified by the legislature,
the state education agency developed a set of essential elements for review and
consideration.- Citizen reaction will be considered in developing the final
recommendations and implementation policies, which will be presented to the

State Board of Education in October.

The Texas Select Committee on Alternative Schools and the Committee on
Technology, two bipartisan legislative committees formed to improve general
‘education, have operated over the last two years and have focused much of their
attention on mathematics and science instruction. Some of their recommend-
ations were: proposed. to-the-legislature-but not-passed-in- the -recent session.

The Texas Select Committee on Public Education, an 18-member panel
appointed by the Governor, is following up on the alternative schools and
technology committees’ work. The Select Committee is composed primarily of
citizens and legislators and will advise the Governor on issues related to
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mathematics and science teaching, education quality and education finance. Itis
anticipated that the committee on public education will present its recommend-
ations to the Governor sometime in late fall. '

Govemor Matheson of Utah appointed a 20-member panel of legislators,
business leaders and state education officials to advise him regarding political
and financial issues facing public education. The Steering Committee on
Education Reform will be reviewing and discussing the implications of two'
national reports, A Nation at Risk and Action for Excellence, as well as current
state initiatives. It is anticipated that the group will focus on three major issues:
the teaching profession, technology in the classroom and the funding of state
education initiatives. Members of the steering committee have cominissioned a
poll of Utah citizens to ascertain their major education concems, how they feel
these should be addressed and what kinds of funding altematives would be
acceptable. The committee will consider the results of this poll in designing a
legislative package for the 1984 session. The public will be asked to comment
on proposed programs. A final report reflecting the committee’s recommend-
ations and public reaction to proposed programs will be sent to the Governor by
January 1, 1984. o ' '

A legislative interim committee in Utah is currently reviewing proposals
dealing with the teaching profession and will be developing a legislative
package for the next session. Attention is being given to such issues as financial
incentives for teachers serving in high-need areas, career ladders and improved
evaluation systems. ' '

The Utah Board of Regehts and the State Board of Education have jointly

.- organized-and -appointed--the . Committee .for. the Improvement of Teacher

Education. Citizens and educators are now studying professional preparation
programs, including programs in mathematics and science, and will submit a
set of recommendations before January 1, 1984.

The Governor’s Commission on Virginia’s Future has just organized an
education task force as one of five task forces studying issues related to the
future and well-being of the state. The education task force will study student
achievement and performance, instructional quality, organization, governance
and funding. The report is due'to the Governor by December, 1984.

The Lt. Governor of Vermont is chairing the Vermont Seminar on Educa-
_ tion. The panel is composed of leaders from business, industry, education and
government and is studying high school graduation requirements, curriculum
and instructional improvements, and teacher preparation, certification and
recruitment. The seminar will issue its report during October 1983. .

In August 1983, the Superintendent for Public Instruction in Washington
will appoint an interdisciplinary statewide advisory task force to oversee the
development of competencies in education. Mathematics will be the first subject
addressed; science and computer literacy are tentatively scheduled for compe-
tency development in 1984-85. o

In May 1982, Washington Governor Spellman established an Advisory
‘Committee on High Technology Training and Advancement. Representatives of
business, organized labor and selected state agencies, as well as educators and
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the state now provides high technology educatlon training and techmcal
assistance as ‘well as the demand for those services by Washington state
employers; (2) identify programs to encourage high technology growth; (3)
identify training and technical resource barriers to high technology develop-
ment and (4) develop and submit to the Governor, before the 1983 legislative
session, a report containing recommendations for legislation, innovative pro-
grams and other actions that will promote high technology training and ad-
vancement. The committee’s initial recommendations to the Governor were the
basis for additions to the Governor’s budget request for the 1983-85 biennium
and for enactment of legislation to support a package of high-technology
education and trammg programs.

In Washington, the Governor will soon appoint citizens to the Coordinat-
ing Board on Technology Education, a group which will oversee implementa-.
tion of the entire High Technology Education and Training Act. This act
provides funding for K-12 and postsecondary programs in technology education
and training.

The Washington Committee on Education Policies, formed in 1982, is
charged with conducting a review of public education systems and governance
structures within the state. The promotion of quality and excellence in education

- all levels, while maintaining access and equity, will be the focus of this
.roup’s efforts. -

The West Virginia State Board of Education developed the “Mast:r Plan
for Public Education in West Virginia” earlier this year Prepared with the
assistance of a 99-member advisory commlttee the plan isa blueprmt for long~
range educational change in the state. ~

A West Virginia statewide advisory committee, composed of superinten-
dents, teachers, higher education personnel and others, will be appointed
shortly by the State Superintendent. The committee will make recommend-
ations to the State Board of Education concerning adoption of learning out-
comes for a number of areas including mathematics and science. Prior to the
advisory committee’s review, an extensive verification process wili take place
and will involve educators and administrators from every county in the state. It
is anticipated that the learning objectives will be adopted by the State Board of
Education before January 1984.

An interim committee of West Virginia leglslators is studymg science and
mathematics improvement along with other issues of the “Master Plan for
Public Education.” The committee will make recommendations for enhancing
mathematics and science programs, including forgivable loans and scholarships
for prospective teachers, alternative training systems and a state mathematics-
. science high school.

In June 1983, the Superintendent of Instruction announced the appoint-
ment of a 29-member Blue Ribbon Committee on Quality Education in Wyom-
ing. The charge to the committee is to address two questions: (1) Can the
- citizens of Wyoming expect both quality and quantity from their schools? and
(2) If so, at what cost? The committee is expected to define quality education,
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decide what to expect of the schools and determine the costs—in dollars and in
attitudes, traditions, policies and statutes. A report is due to the State Board of
Education by October 1984.

In February 1983, a Task Force on Curriculum and Staff Development was
formed in Wyoming to make recommendations on developing and evaluating
all K-12 curricula. The task force will also suggest proposals for staff develop-
ment programs. Recommendations are due in the fall of 1983.

II. TASK FORCES OR COMMISSIONS (Computer
Education)

The Alabama Department of Education’s newest task force is the Computer
Literacy Commission, established in the spring of 1983. Its mandate is to review -
all curricula in grades K-12 to identify where computer education can and
should fit into Alahama’s public schools.

In response to the request of the twelfth Alaska legislature, two separate
task forces examined different areas.of computer education and reported their
findings to the Alaska Department of Education and local districts for program
planning and unplementatlon Both grcups were composed of representatlves
from a diversity of regions and interests from state and local education agencies,
colleges and universities and the private sector involved in computer applica-
tions. The task force on computer literacy provided guidelines for developing a
state plan for a computér-literate population of students and adults. The State-
wide Computer Literacy Study, published in January 1983, reports on the task
force findings and is available from the Alaska Department of Education.

The Alaska Task Force on Computer Networking in Education studied the
feasibility and cost effectiveness of local and statewide networking systems,
such as electronic mail and video transmission. The task force, in its January-
1983 report, recommended additional development of computer networking by
the Alaska Department of Education. -

The Arkansas State Department of Education and the Southwest Educa-
tional Development Laboratory cosponsored a conference in December 1982 to
identify computer literacy competencies needed by students and teachers in the
public schools. Approximately 30 representatives from school districts, col--
leges, community colleges and the State Department of Education participated,
making recommendations about competencies and suggesting_ways school
districts or professionals could work together on implementation. The task force
report is serving as a basis for discussion in the local districts and for possible
new leglslatlon -

In November 1982 the Colorado Department of Education set up a
statewide computer advisory committee to recommend department services that
would be most beneficial.to Colorado schools. The most important department
goal, says the committee, should be assisting schools in developing.computer
literacy and using technology curricula. Other important goals include depart-
ment-sponsored conferences for school personnel in technology applrcahons
and technical assistance to pubhc schools.
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The Connecticut State Board of Education and the Board of Governors for
Higher Education formed a joint committee in May 1983 to examine the use of
computers, libraries, media and instructional materials to enhance education.
Their report will ‘be released in Septeniber 1983. There is also a move to
organize a computer teachers’ association. :

The State Department of Education in Georgia is organizing an in-house
task force, with representatives from all departments, which will be charged
with developing a state plan for the use of techiiology to support instruction and
the management of instruction. The task force will also seek to identify sources
of funding for equipment, software and staff development and ways to involve -
business and industry. Realistic plans for staff development are another priority.

The Hawaii Office of Public Instriction Services sponsors a computer
education committee and a Task Force on Computer Literacy. These task forces
are studying ways to integrate the computer into the curriculum and suggesting
curriculum content for computer education courses.

HR 327, adopted June 28, 1983, directs the Illinois State Board of
Education to establish a computer literacy adv1sory committee to study the use
of computers and other electronic'equipment in teacher training programs. The
state board will report study results and recommendations by March 1984.

For two years the Kentucky Department of Education and the Kentucky
Educational Television have worked together conducting a survey of the status
of microcomputers in local districts. The second survey was completed during
1982 and indicated that the number of microcomputers in local districts had
quadrupled from 450 to around 1 800 since the first survey was completed in the
fall of 1981.

Last year, Louisiana established a Superintendent’s Task Force on Com-
puter Education which examined the implications of requiring computer literacy
for high school graduation. The ad hoc task force consisted of teachers,
students, parents, college faculty, administrators and members of the Depart-
ment of Education. The task force recommended that computer education be
integrated into all K-12 curriculum, not taught as a separate course. The task
force submitted its recommendations to the state board but po action has been
taken yet. °

The Superintendent in Maryland has appomted a group to look at the use
of technology in the classroom, grades K-12, using a preliminary staffreport on
computer instruction and computer literacy as a starting point‘and making
reccmmendations to_the Board of Education.

The Minnesota Education Technology Act, passed in May 1983, required
the Governor to appoint a 15-member advisory committee on téchnology in
education by July 1, 1983. Committee members include public school teachers
and administrators, parents and representatives from school boards, the Depart-
ment of Educatlon, the Minnzsota Educational Computing Consortium, higher -
education and business and industry. The committge will assist with planning
for technology use in local districts, inservice training, technology demonstra-
tion sites and courseware package development and evaluation. The advisory :
committee will terminate June 30, 1985.
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The Missouri Department of Elementary and Secondary Education has set
- up an in-house task force to study the use of computers in instruction. -

In early 1982, the Office of Public Instruction formed the Montana Task
Force on Computer Education. Members of the task force included teachers,
university professors, school administrators and State curriculum specialists.
The task force produced a handbook, The Elements of Computer Education: A
Comp "te Program. This publication provides evaluationsof hardware and
softwzre, curriculum ideas, program planning, administrative applications,
staff development plans and z resource directory. The task force is considering
developing videotapes for classroom instruction. v

In Montana, a SLATE conference was held in June 1983 to determine
priorities for using educational technology. Seventy-six participants attended
including teachers, college faculty, state education department and state board
members, the regents of the university system and industry leaders. The group
recommended that a Montana Commission on Technology in Education be
created by the Govemor to develop a state plan_for_using technology..in..
education, including the training of all Montana citizens in the use of compu-
ters. They further recommended that a statewide communications network be
established to exchange technology information throughout state government
and education institutions. .

Nebraska’s Committee on the Utilization of Technology in Education was
recruited by the Commissioner of Education in 1980 to identify persons in
education organizations in Nebraska with an interest and involvement in
computer technologies in education. The Committee is an ongoing forum for

__information sharing in_all_aspects_of computer.use_including: identifying soft-— -

ware, maintaining a list of professionals involved in computers and technology
in education, examining the use of a videodisc curriculum and creating a
statewide telecommunications network. One subcommittee is examining teach-
er inservice education in computer use. ‘

The Pesn Mexico Governor’s Commission on Public Schools is specifi-
cally-chizzest < bring its findings and the findings of the September/October
high technoi:;zy conferences to the Governor prior to the 1984 New Mexico
state legislative session. It is expected that the 1984 session will be an *‘educa-
tion session.” :

To document the growth of technology-based education in Ohio, a suc-
of all school districts is being conducted to determine the kinds of compute:
hzsdware being used, the grade: in which technology is being used for instric-
tion, the subject areas in-which technology is used and how technology
contributes to the inservice ecucation of teachers. Other types of information
being collected by the survey irclude the ratio of students to available hardware
and software, the types of comptter applications being used and the use of
personal compnters. The results of ibis survey will be used as a data base ffom
which to form questions about e role and value of technology- -based
instruction. :

. ~In Oklahoma, the Governor’s Cciincil on Science and Technolog;' over- -
sees the Higher Education Technology Task Force and the Educational Planning
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and Assessment Committee of the State Department of Education. This ““con-
sortium” task force considers the future standards and quality of computer
education as well as science and mathematics, at all levels of education,
throughout Oklahoma. It also monitors competitive grants-to-local-education
agencies for microcomputer purchases for the state’s gifted and talented
programs.

The South Dakota Departnent of Education and Cultural Affairs and
several South Dakota colleges and universities are forming a task force on
technology to ex:imine requirements for computer literacy, computer access and
related issues of technology and’ education.

The Tennessee Statewide Microcomputer Advisory Committee was estab-
lished in 1982 to study the staws of computer education in the state and make
recommendations for its improvement. To date, the committee has developed a
curriculum and three-year plan for computer literacy in grades 7 and 8 (Compu-
ter Skills Next). Components of the plan include: (1) goals and objectives for
computer literacy curriculum, (2) teacher training in computer literacy for
grades 7 and 8, (3) the acquisition of microcomputer hardware and (4) addi-
tional resources needed at the state level. The committee is presently focusmg
on guidelines for computer science in high school.

A statewide computer literacy committee made up of Utah citizens and
educators is now reviewing proposals for the development of computer literacy
courses in schools. K~12. This group was organized by the Board of Regents
and the State Board of Ecucation.

... The State Department of Education helped create the Vermont Educational
Computer Technology Organization (VECTOR) which implements com-
prehensive computer information for local education agencies. In cooperation
with the Vermont Department of Education, VECTOR established a statewide
computer network in the summer of 1983. The department has published
Computer Considerations for Vermont Schools and offers inservice workshops
on computer awareness, literacy and competence. It also conducts an annuai
survey of the use of computers in Vermont schools.

The Governor’s Science anid Technology Task Force in Virginia is examin-
ing issues related to the state’s economic growth and how an education system
with excellent mathematxcs and science programs can attract future-oriented

industries. wwe s composed of educators and representatives of
business ams ‘wliinv. Uieomusandations are due August 1983.
The - . «:4 Inservice Trainung Task Force is composed of

AR
! aczid nistrators and representatives from Virginia
colleges and .= unaitizs. Tl task force is studving computer curricula for
teachers ar:! has recoiri+uied a three-tiered curriculum representing an in-
creasing “ustery of skiils. ' -
T'». Washington Office of the Superintendent for Public Instruction has

had a Computer Technology m Curriculum and Instruction Task Force in
op<iation for the last two years This interdisciplinary group was organized in
isponse to the identification, by citizens and educators, of computer technol-
12y as a high priority in education. The task force assists local education

20 local teas:!
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agencies in using the computer in the classroom. To that end, a handbook on
computer technology was developed and disseminated to districts. This manual
includes information on purchasing equipment, evaluating software, staff de-
velopment, available resources (organizations, publications, etc.) and a directo-
ry of local education agencies in the state that currently use computers.

At its.May meeting, the Washington State Board of Education approved
the formation of a task force to review school district needs in computer
education and to make recommendations concerning technical assistance to
meet identified needs. Technical assistance will then be provided through the
office of the superintendent’s new Computer/Technology Education unit re-
cently established and funded through the High Technology Education and
Training Act.

The West Virginia Task Force on Technology in Education is a 34-mem-
ber panel of educators, parents and comrnunity leaders appointed i in June by the -
state commissioner. It is to consider the use of computers and related technology
~ in the classroom and recommend programs and fiscal alternatives to meet the
goals of the state’s master pian for computer literacy. (Within three years high
school are to have computer literacy programs; within six years middle schools
are to have such programs.)

State Superintendent Grover appointed a task force to undertake a thor-
ough review of teaching in Wisconsin. One directive to this Task Force on
Teaching and Teacher Education is to determine the implications of technology
for the preparation and professional development of teachers. The task force
members include citizens, teac' ~13, business and industry representatives, and
educators. The final report and recommendations are due December 20, 1983.
A preliminary report will be available in October.

A recent report, Instructional Computing in Wyoming: Status and Rec-
ommendations describes the nature and extent of computer use in grades K—12
in the Wyoming public schools. It summarizes teachers. opinions about the
potential uses of computers in the school and reports'the recommendations that a
select committee of Wyoming educators made about statewide development of
instructional applications of computers.

1. GRADUATION REQUIREMENTS

NOTE: States that do not mandate high school graduation requirements are not
included.

Alabarma has recently increased its graduation requirements to 20 total
units, including one new unit in science and a second in mathematics. Begin-
ning with the 1985 graduating class, all students in Alabama will be required to
pass an exam in reading, language and mathematics to graduate.

Current high school graduation requirements in Alaska include one credit
of science, one credit of mathematics and 19 total credits for graduation. The
state board of education is considering increasing mathematics and science
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requirements for all students and will report on changes this fall. The high
school curriculum will be revised by December 1983.

Beginning with the graduating class of 1987, all high school seniors in
Arizona will be required to complete two years of mathematics and two years of
-science. No requirements for computer education are mandated at this time,
although students may take one-half year in ‘‘Computer Awareness’ to satisfy
one-half year of the mathematics requirement. Twenty total units will be
required for graduation. In addition, the Board of Regents will require, begin-
ning in- 1987, three years of mathematics and two years of laboratory science for
admission to the three Arizona state universities. Students may meet the
requirements in several ways, including the attainment of specified minimum
scores on standardized tests.

In 198283, California set no requirements for graduation (requirements
have been the responsibility of school districts since 1968), other than to specify
that students must take some mathematics and science. In July 1983, Governor
Deukmejian signed SB 813, an omnibus school-reform bill that requires ‘all
students to complete two years of mathematics and two of science (thls require-
ment will be met by students who graduate in 1987).

There are presently no specific gradation requirements for science , mathe-
matics or computer education in Connecticut. However, new legislation will
require 18 units for high school graduation in the class of 1987. The state
department of education has curriculum recommendations in science, mathe-
matics and computer education.

Students starting high school in Delaware in the 1983-84 school year will
be required to have 19 total units to graduate, with two units mandated in
mathematics and two in science.

Effective the 1984-85 school year in Florida, three credits each of
mathematics and science will be required as part of the total 22 units needed for
graduation. Beginning with the 1986-87 school year, the total number of units
will be increased to 24.

Georgia is considering requiring 21 units for graduation, including two
units of science and two of mathematics. (Earlier requirements: 20 units in all,
one inscience, one in mathematics and a third in either science or mathematics.)
Students must pass a basic skills test to graduate. -

The 1983 graduating class was Hawaif’s first graduating class required to
complete a total of 20 credits, including two credits in science and two credits in
mathematics. These graduation requirements were first set in place in 1978-79.

Idaho requires oné year of mathematics and two years of science for high
school graduation. Students entering high school in 1984 will be required to take -
an additional year of mathematics. At that time, they can substitute one unit of
computer education for one mathematics unit. For these 1988 graduates, 20
units will be requircd for graduation. :

A Minimum requirements for graduation are currently identified in rules and
regulations filed by the Illinois State Board of Education. The requirements
~ state that a student must complete at least 16 units in grades 9-12 in a four—year
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- school or 12 units in grades 10-12. Science and mathemaiics requirements are
currently determined by local school boards. However, two bills 2ave just been
sent to the Governor that will require the successful completion of science and
mathematics (and other) courses for graduation. SB 669 requires two years each
of mathematics and science and would apply to 1984—85 incoming freshmen.
HB 1179 requires two years of mathematics and one year of science and specifies
no beginning date.

The Commission on General Education has approved the first change in
Indiana high school graduation requirements in more than 50 years. Students
entering school in the fall of 1985 will be required to take four years of language
arts and two years of mathematics and science. A total of 19 unitsis required for
graduation. Although computer education is not a graduation requirement,
curriculum rules will require school systems to incorporate some form of
computer literacy program or course into their. Educanonal Improvement Pro-
gram by 1984-85.

Kansas currently requires 17 total units for high school graduation with
one unit required in mathematics and one in science. Beginning with the fall
1984 sophomore class, the Governor is recommending that high school gradua-
tion requirements be raised to 20 units, with two units each required in science
and mathematics and a half-unit in computer literacy.

Graduation requirements for Kentucky high schools presently stand at two
years each in mathematics and science, with 18 total courses required. This year
the Kentucky State Board of Education approved an additional mathematics
requirement and increased the total units needed to graduate to 20. For students
graduating after 1986, three years of mathematics and science will be required.

High school graduation requirements in Louisiana are two years for
science and three years for mathematics. The total number of units required is
22. No changes are currently being proposed.

Maryland requires 20 units for graduation, including two units of science
and two of mathematics. Students must also pass a competency-based test to
graduate. Under consideration are strengthening the requirements in mathema-
tics and science and adding a requirement for computer education.

Maryland colleges and universities have recently raised admissions stan-
dards. Now required are three years of high school mathematics. The number of
science units required remains two, but both must be laboratory courses and
- -some institutions require one in biology.

In May 1983, the Massachusetts Board of Regents mandated an increase
in the admission requirements to state colleges and universities: four units of
English, three units of mathematics, two units of science and two units of
foreign language. '

Michigan schools set their own local graduation requirements. The statc is
piloting new graduation requirements in some districts this year that will call for
two years each of high school mathematics and science.-

While Minnesota’s high school graduation requirements in mathematics
and science are determined locally, a legislative study committee is examining
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the minimum number of hours spent in these areas. The State Board of
Education will receive the committee’s récommendations in November 1983,
and legislation may occur in February 1984 that mandates requirements for -
graduation in mathematics and science and, possibly, computer education. The
total number of units currently required for graduation is 15.

The Mississippi State Board of Education requires that students complete
one unit of science and one unit of mathematics for high school graduation. The
State Board of Institutions of Higher Learning has just approved more stringent
college entry requiremente. Students entering public colleges and universities
will be required to complete three units of science and three units of
mathematics.

Missouri requires 20 total units for graduation, including one unit of
science and one of mathematics. Raising these requirements is under considera-
tion. With requirements at their current level, statewide averages for high school
graduates are two units of science, two units of mathematics and four units of
language arts. -

The current graduation requirements for Montana high school students

- total 16 units, including two units of science and two units of mathematics. In
September 1983, the Montana Task Force on Science is expected to recommend
to the Board of Public Education that the science requirements be increased to
three units of science for the college bound and three units for junior high school

students. Other recommendations include two hours of science instruction per
week in grades K~3 and 3.5 hours of instruction per week in grades 4-6.

‘ Beginning with the graduating class of 1986, Nevada high school students
- will be required to complete one year of science and two years of mathematics
for graduation. Twenty total units are required for grades 9-12. Because
graduation requirements were just recently upgraded, no further changes are
being proposed at this time. '

Currently, New Hampshire requires its high school graduates to completc
a total of 16 units, including one year each of science and mathematics. The -
State Board of Education is drafting new secondary minimum standards. It is’
expected that beginning in 1984-85 students will need to complete two years of
science and mathiematics for a total of 18 units. Although New Hampshire does
not have a computer literacy graduation requirement, the new secondary
standards propose a half credit in computer literacy and that all schools offer a
course in computer literacy in grades 9-12.

New Jersey students must complete one year of science and two years of
mathematics to graduate from high school. Bills have been introduced into the
legislature to strengthen these standards, but they have not yet passed.

Adopted by the New Mexico State Department of Education in April 1983,
new graduation requirements include two units in mathematics and two units in
- science. These new requirements go into effect i in the 1983—84 school year.

New York presently requires one year each in mathematics and science
with 18 total courses required for a Regents’ diploma and 16 total courses
required for a local diploma. The state board is proposing a change in high
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school mmathematics requirements to two years in mathematics to satisfy local
requirements and three years of mathematics to satisfy Regents’ requirements.
All students must pass tests in reading, writing and mathematics through the
Regents’ Competency Testing Program before graduating from high school, a
program which also has checkpoints in the lower grades to afford remedial help.

* North Carolina requires high school students to complete two years each
in mathematics and science. Twwenty units are required for graduation. The State
Board of Education-is considering that an additional year in mathematics and
science be required for graduation, raising the requirements in these areas to
three years each in mathematics and science.

The University of North Carolina at Chapel Hill has strengthened its
admission requirements. Requirements include two years of foreign language,
one year of a laboratory science and three years of mathemiatics. Also recom-
mended are four years of foreign language and calculus or precalculus.

The North Dakota Superintendent of Public Instruction has recently
announced new graduation requirements. Students who graduate in 1985 must
complete two units each of mathematics and science. Currently, students must
complete one unit of mathematics and two of science. Students will be required
to complete 18 total units for graduation in 1984, 19 in 1985 and 20 units in 1986.

In October 1982, the Ohio Board of Education revised its standards for
high school graduation, increasing requirements from 17 to 18 units to include
an additional unit of mathematics. Two units of mathematics and one unit of -
science will be required in September 1983. Although no computer literacy
requirement is specified, the new standards encourage that every school with
grades 7 or 8 offer a course that allows students to learn keyboard skills.

In 1982-83, Oklahoma instituted new graduation requirements: a total of
22 Carnegie units, including two units each in science and mathematics. ThlS
represents an increase of one unit in each discipline.

In Oregon one unit each of science and mathematics is required for
graduation from high school. A total of 21 units is needed. No specific
requirement for computer education has been established although it is being
_considered. '

Pennsylvania’s current high school graduatlon requuements include one
year each in mathematics and science. Thirteen total units are required in grades
10-12 for graduation. Changes in graduation requirements are pending before
the State Board of Education and would require 23 total units for graduation
after 1984 in grades 9-12. Students would be required to complete three years

each in mathematics and science for graduation. Computer education would

remain an eléctive.

The Rhode Island Commissioner of Education has appointed educators to
the Joint Committee on School and College Articulation to recommend new
graduation requirements. The State Board of Regents recently approved 18
to:als units for graduation. College-bound students will be expected to complete
three years of mathematics, two years of science and one semester of computer
literacy. These new requirements will affect the 1984 high school freshman
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class. A second phase of increasing minimum course requirements for college
bound students entering high school in 1987-88 is being developed.

New South Carolina graduation requirements will be effective with the
1987 graduating class and implemented in the 1983-84 school year. Science will
increase from one to two units and mathematics from two to three units.
Students may take one unit of computer science to satisfy one of the mathema-
tics units.

South Dakota presently requires one unit of laboratory science and one
unit of mathematics with 16 total units required for high school graduation. The
. state board adopted a rule requiring two units of science (one of which must be a
laboratory science) and two units of mathematics with a total of 18 units required
for high school graduation by the year 1986. The South Dakota Board of
Regents recently voted to require one-half creditin computer science for college
admission beginning July 1, 1987.

The Tennessee State Board of Education has increased the total number of ...
units required for graduation and the requirements for mathematics and science
courses. Beginning with the 1983-84 school year, high school students must
complete 20 total units for graduation and two years each in mathematics and
science. No requirements have been established for computer education, al-
though this is under consideration. The state board also requires high school
students to pass the Tennessee Proficiency Test to receive a regular high school
diploma. The test measures basic skills achievement in mathematics, spelling,
language and reading.

The Texas Education Agency is presentmg a proposal to the State Board of
Education in October that would increase the total number of credits needed to
graduate from high school from 18 to 20. The proposal also recommends
increasing the mathematics requirement from two to three years and the science
requirement from one to two years. These changes, if approved, will be
effective in the 198485 school year.

The Utah State Board of Education is considering a number of proposals to
change high school graduation requirements to include more courses in mathe-
matics, science and ether subjects. Modifications will take into account rec-
ommendations of the report, A Nation at Risk, and proposed college admission
standards in the state that would require entering students to have two years.of
mathematics and two years of science.

Virginia presently requires one unit of science, one unit of mathematics
and 18 total units for high school graduation. The State Board of Education has
raised the requirements to two units each in mathematics and science plus one
additional unit of mathematics or science to become effective in 1984-85. An
optional advanced studies diploma will require three.units each in mathematics
and science and 22 total units for graduation. :

In May 1983, the State Board of Education in Washmgton increased the
total number of credits required for graduation, as well as those required in
mathematics and science. Students beginning 9th grade after July 1985 must
have a total of 48 credits, including 6 in mathematics and 6 in science. (A credit
. is equal to 60 hours of instruction; 3 credits are equal to a one-year course.):
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The Governor has recommended that the Washington State Board of
Education consider adopting the standards for high school graduation supported
by the National Commission on Excellence in Education. These include three
years each of mathematics and science plus one-half year of computer science.

West Virginia currently requires 20 units for graduation including one in
science and two in mathematics. It is anticipated that the science requirement
will be raised and some computer education will be required.

All Wisconsin high school graduation requirements are locally deter-

mined. Preliminary results of a study conducted by the Wisconsin Center for the

Advancement of Science Edu.ation (CASE) show that many school districts are
evaluating their science education programs and that at least 15 percent intend to
increase their graduation requirements in science.

The Wisconsin Joint Council on College Preparation submltted a report,
“Preparation for College,” to the University of Wisconsin System Board of

Regents in February 1983. The advisory statement identified the general com- -

petencies students should have at the begmnmg of college work and, in addition
to other courses, recommended three. requnred years each in mathematics and

science for university entrance. Computer programming was mentioned as an .- '

“additional critical skill and experience.” The Regents passed a resolution..

commending the recommendations. The Depgrtment of Public Instruction and
the University of Wlsconsm system have disseminated the report throughout the
state. -

-

IV. CURRICULUM GUIDELINES AND PERF ORMANCE
STANDARDS -

Eoffective for the 1983-84 school year, a new science curriculum will be
mandated in Alabama. During the following school year a mathematics curric-
ulum will be mandated. A basic computer awareness curriculum is already
taught through vocational education classes.

- In past years, the Arizona State Board of Education has mandated courses
of study in grades K-8 for science, mathematics and other areas. In the spring of
1983, the legislature passed a law mandating the development of courses of
study for all subject areas and all grades (K-12). The State Depa.ﬂment of
: Educatlon is currently workmg to implement this new mandate.

Arkansas has developed a Basic Educational Skills Continuum in mathe-
matics, language arts and reading that serves as a curriculum guide in grades
K-8 and as a basis for minimum performance testing.

California mandates curriculum guidelines for science (latest revision:
1983) and mathematics (latest revision: 1980). New guide.ines will be issued in

1984. SB 813, signed into law in-July 1983, requires the superintendent of

schools to develop a course of study in computer educatfon.

The Delaware State Department of Education in cooperation with local
education agencies, has established a set of minimum performance compsten-
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cies in the basic skills. It is the role of the local districts to set the performance
level required for these competencies. Guidelines for the new mathematics and
science credit requirements have been developed by the state and may be used at
the local level.

By the 1983-84 school year, each school board in Florida must develop
performance standards in K-12 academic programs in which credit toward high
school graduation is awarded. Policies for student mastery of performance -
standards must also be established for credit courses. Appropriate methods for
evaluating student mastery can include teacher observations, classroom assign-
ments and examinations. The State Department of Education will provide
Proposed Student Performance Standards of Excellence and technical assis-
tance to the local districts to help them comply. By July 1985, the performance
standards must be incorporated into the pupil progression plan for students in
grades 9-12.

New legislation in Florida allows the Commissioner of Education, the
State Board of Education or the legislature to enter into a consortium with other
interested states for the purpose of developing and recommending strategies to
raise the quality of instructional materials. in the public schools.

The state of Georgia does not directly mandate curriculum guidelines. It
has, however, developed a comprehensive, hierarchical list of essential skills
and a curriculum framework in all spbjécts, grades K-12. It sets standards for
schools which include instructional guidelines determined by the curriculum
framework.

The Hawaii Office of Public Instruction provides curriculum guidelines,
for grades K-12, in science, mathematics and computer education. The year of
the latest revisions in mathematlcs is 1978; in science, 1981; and in computer-
_ education, 1983.

Each year since 1979 the Iowa Department of Public Instruction (DPI) has
published updated versions of A Tool for Assessing and Revising the Science
Curriculum, which is used by 4,000 teachers from 200 school districts. In 1982
the DPI published A _ommitment to Excellence—Directions for the 1980s,
which presents guidelines schools can follow in curriculum development and
other aspects of mathematics programs. The Iowa Plan for the Statewidé Use of
the Computer for Education, first prepared in 1976, was updated in 1982; also.in
1982 a statewide consortium (made up of representatives from local education
agencies, area education agencies, and vocational schools) was organized to
help implement the plan. Use of these guidelines and plans is not mandatory in
Iowa.

The Kentucky Department of Education has published a Teacher’s Guide
to Computer Courses which is a curriculum guide to the introduction of
computers as well as computer mathematics and programming.

Louisiana mandates curriculum guides for K-12 science and mathema-
tics. The mathematics guides were updated during the 1982-83 school year, and
nine separate science guides are available for grades K-12. Science guides were
updated in 1983. Guides for computer education for all grades are currently
being considered. : :
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Mandated science guidelines were instituted in 1983 in Maryland;
guidelines for mathematics are being prepared and are expected to be in place in
1984; guidelines for computer education are in progress. In 1982-83 the state
funded curriculum development grants to modify the curriculum framework for
gifted science students.

Mississippi has adopted a program called Accountability/Instructional
Management in grades K—12 as a basis for accountability and as a standard for
accreditation. This program defines methods of instruction and evaluation and
will provide the framework to 1mplement the performance standards rcqu1red
by the recent Education Reform Act. -

Missouri does not mandate curriculum guidelines but it does set curricu-
lum objectives. In March 1983, teachers, educationofficials and members of the
state Science Advisory Committee wrote objectives for ten areas of the elemen-
tary science curriculum that are intended to serve as models for school districts.

The Montana State Board, the Office of Pubhc Instruction and the
university system are developing curriculum guidelines for using technology in
the classroom, including integrating the computer with existing courses as well
as developing new courses. The university system is beginning to develop

“software to meet the needs of Montana schools.

Nevada mandates courses of study for K—12 science and mamematlcs The
courses of study, developed in 1974, are currently being revised. The Depart-
ment of Education is working with superintendents and staff to evaluate and
rewrite the guidelines. A first draft has been developed; a revised draft is due in
October 1983. A curriculum for computer education will be suggested.

Senate Concurrent Resolutlon No. 55, passed in the last Nevada legislative
session, directs the state umversltles and public high schools to work together to
improve instruction in mathematics and other areas. University representatives
are required to report annually to school districts and high schools the proficien-

cy of high school graduates and “the extent to which the levels of competence
necessary for college-level work have been achieved.” The Nevada Department
of Education and university representatives are directed to meet annually to
develop a program for improving the competence of pupils in mathematics,
reading and writing. ’

The New Hampshire State Department of Education has scheduled two
- groups—one for science and another for mathematics—to convene this fall to
prepare a statement for each area on what should be taught and how it should be
taught. Results of these two study groups will be disseminated to local districts
to guidé their curriculum development efforts.

The New Jersey Department of Education has developed mathematics and
science K-12 curriculum improvement objectives covering curriculum review,
revision and development of textbooks, teachers’ manuals parent booklets and
technical assistance to local districts.

The 1980 Guidelines for High Schooi Graduation Requirements set gradu-
ation standards for New Jersey students. The standards include: a statewide
assessment test; explicit levels of proficiency in reading, writing and computa-
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tional skills; guidelines for the development of graduation standards by local
boards; and guidelines for remediation. In June 1983 the State Board of
Education adopted a new 9th grade basic skills test that will be more rigorous
than the minimum basic skills test it replaces.

New York has curriculum guidelines in grades K-12 in all areas of
curriculum wih the exception of computer literacy. These guidelines cover a =
broad range of skills. The mathematics guidelines were revised in 1981, and the
guidelines for science and writing are currently being revised.

North Carolina mandates curriculum policies for both mathematics and
science, grades K—~12. These policies were last revised in 1979. The State Board
of Education recently completed detailed curriculum studies in science and
mathematics. Computer literacy is not mandated; however, a state pian was
developed in 1983 by the department of instruction and guidelines are available
for district use. Higher order skills are being emphasized in the teaching of
mathematics, science and computer education in all grades.

In October 1982, the Ohio State Board of Education revised the standards
for elementary and secondary schools. The standards emphasize student
achievement and strengthen high school graduation requirements. School dis-
tricts will be required under the proposed standards to develop coinpetency
programs in the basic skills. Pupil performance objectives will be established by
each district, and students will be tested for their competency at least once in the
following grade groups, 1-4, 5-8 and 9-11.

The Oklahoma State Department of Education has mandated new curricu-
lum guidelines for science and mathematics; implementation begins during the
1983—-84 school year.

The Pennsylvania State Board of Education-mandates curriculum
guidelines for K—12 science, mathematics and computer education. These
guidelines are being updated at the present time.

New South Carolina guidelines set by the Department of Education
require school districts to offer a minimum of five mathematics units and five
science units. This is part of the department’s response to the $1 million
appropriation that Governor Riley signed into law in June 1983 for training/
retraining mathematics and science «.::chers.

South Dakota has developed standards of excellence in reading, mathe-
matics and communication that include a focus on problem solving and critical
thinking skills that can be enhanced through computer-assisted instruction.

- InMay 1984, the Tennessee State Board of Education adopted guidelines
for developing computer technology courses in high schools. The guidelines
cover introductory computer courses, computer programming and advanced
placement computer science. It is expected that the guidelines will be reevalu-
ated before courses are adopted as part of the high school curriculum. The state
~ has mandated curriculum guidelines for K—12 mathematics and is developing
guidelines for K~12 science courses.

In Texas a new state curricular framework, which includes essential
elements of the 12 content areas identified by the legislature, is currently being -
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developed. Use of this K~12 framework will be required for maintaining school
accreditation.

Utah has no state-mandated performance standards for mathematics,
science or computer education. The state education agency has, however,
developed guidelines for mathematics and science. Competence in these sub-
jects is required prior to graduation from high school; the mcasuremerit of
competence is left to local districts.

The Vermont Department of Education is, through the Vermont legisla-
ture, proposing new performance and curriculum standards and guides in all
subjects taught in Vermont schools. The department proposal, if accepted, will
lengthen the school year by five days. Current curriculum guidelines suggest
that four units of science and four units of mathematics be taught in grades 9-12,
but districts decide how many units students must take.

Virginia specifies student performance objectives for each grade and each
course in science and mathematics. ’

Development of competencies in education will begin soon in Washington
state. In August, the superintendent will appoint an advisory task force to
oversee the project. Mathematics has been chosen as the first subject to be
addressed; science and computer literacy competencies are scheduled for
development in 1984-85. - ‘ : '

In West Virginia, learning outcomes for mathematics and science have
been developed and will be verified in the next few months. the State Board of
Education is expected to adopt these outcomes before January 1984 and incor-
porate them into curriculum guides for grades K-12. A competency-based
curriculum guide for computer education has been developed for grades K-12.

- The Wisconsin Department of Public Instruction is developing new K-12
curriculum guides for mathematics, science and computer literacy. The guides
will serve as models not mandates. State advisory curriculum committees will
be estabiished to help department staff develop the guides.

To improve science and mathematics curricula in Wisconsin, the legisla-
ture will consider in its next session (October 1983) a proposal to establish a
limited number of competitive grants for school districts to develop new
curricula. The proposal will request $300,C00 to be distributed among six
school districts that have the potential to develop exemplary programs in
mathematics or science. Three grants in mathematics and three in science will
be distributed among small, medium and large school districts. Grants will
average $50,000 and may be renewed if satisfactory progress is demonstrated.

V. SCIENCE AND MATHEMATICS PROGRAMS

The curriculum guidelines for mathematics that will be reissued in California.i=~
1984 will streamline the presentation of high'school mathematics, de-e.fiphasiz- .
ing some traditional material and emphasizing both the use of computers and the
type of logic that aligns with computer logic. i
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The Colorado Minority Engineering Association sponsors a Mathematics,
Engineering and Science Achievement (MESA) program in public and private
schools in Colorado. The MESA program selects 7th-grade minority students
and encourages them to stay in mathematics and science courses by providing
tutoring and career counseling; students are also eligible for summer employ-

ment with industry or public agencies. MESA officials are assisting the Colora-

do Department of Education with minority programs for 1983—84 in mathema-
tics, science and other areas.

The mathcmatics supervisor and the science supervisor at the Delaware
St.te Department of Education provide technical assistance to local districts in
the design and conduct of insérvice training and in curriculum planning and
development. They also represent the state education agency on a variety of
local, state and national committees and task forces. .

New legislation authorizes the Commissioner of Education in Florida to
promote academic out-of-school learning activities sponsored by schools and
community organizations. Mathematics, science and their application will
receive special emphasis.

At Governor Orr’s request, Project Primetime, a basic skills program for
grades K-2 was recently given a six-fold increase in funding in Indiana. The
program is designed to improve the skills of low achievers in mathematlcs
reading and language arts.

. Under way in lowa in 1983 with $6,500 from the state legislature and to
continue next year with $40,000 in funding is a project that applies technology
to improve the science curriculum and the teaching of science. This pilot
program uses telephones and interactive computers to train biology teachers to
teach physics.

In early 1983, the Kansas Department of Education created a commiittee to
identify exemplary science and mathematics programs in the state. By spring
1984, the commuittee will establish the criteria for noteworthy programs and will
share the features of selected programs with districts throughout the state.

Louisiana’s Department of Education supports advanced courses in sci-
ence for senior high school students. Funding comes from the gifted/special
education budget and from school districts. Advanced science courses are
available during the summer for students in grades 6-8. Advanced placement

programs are being emphasized; secondary students receive college credit if ..

they pass advanced placement examinations.

The Massachusetts Department of Education has set up a clearmghouse
for science, mathematics and computer education, scheduled to begin in the fall
of - 1983. The clearinghouse will provide teachers and school districts with
mformatlon on successful pregrams, preservice and inservice training/retrain-
ing opportunities, public-private partnerships and coordination of joint efforts

" to improve quality and exchanges of personiel among districts. A proposed -

computer resource bank in mathematics, science and instructional technology
would provide mformatlon about curriculam materials, consultants, hardware
and software - , . , ¢
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The Nebraska State Education Association coriracted with Nebraska
Instructional Television to develop programs based .n computeis. “Think
About” is a program on decisionmaking for 5th graders «nd ““Math Wise” is a
program that enhances problem-solving sk:lls. .

The New Jersey Department of Education is curremly identifying - em-
plary programs in science and mathematics across v state. The priric @ will
develop a data base.on model programs to share v-iG: Fa:! districte.

Under its Master Plan for the Improvement of Nithemati: - asd Scienc:
Education, the Noith Carolina State Board of Educat: »n is pro-: sing funding
- of $240,000 v establish programis of excellence in n:- thematics «nd science.
Eleven secondary schools will be selected to provide ex:amples of excellence for
other school sysiems. The objectives of the mathematics and science programs
are to improve student attitudes toward these courses, raise enrollment, iaprove
student performance : nd increase the number of studsts entering postsccond-
ary mathematics and science prograns.

The North Carolina Council for Minorities in Scien:.:, Mathe matics ard
Engineering is ident:fying taleated mincrity students ‘n g des 5- 7. The state-
level cotncil networks with local businesses to track st :2nts ower time and
provide them witli long-term assistance. Students are seleci=d into the program
based on their interest and grades in school and also upon . recommendations
of principals, teachers and cthers. The long-term goals «{ the program arz to
provide students with summer emiployment, rolc modeis and college support.

Many North Daksta schools are considering usiug a nuniter of innovative
programs in science and mathematics classes. Examples include an NEF
project, *‘Sci/Math,”” and Project CLIMB. A caiculator inathematics program
has been developed to supplement the junior high schooi mathematics program. .
Computeronics, designed for gifted students, is currently used in two schools
and will be expanded to 17 scheols this year -

Recent curricular efforts in Pen::.cyivam'a incl:Jde the use of audiovisual
_media for science educziion and a {ull year program in nuclear science for
“'secondary students. A model computer literzcy course for students has been
developed by the Department of Education and piloted in 20 school districts.
The goal is to have every student take the course before graduating from high
school.

Tennessee’s Basic Skills Firs. program is a new elementary curriculum in
mathematics and reading. The teacher-desigred curriculum establishes 1300
skills children should learn beiween kindergarten and 8th grade. The program
proposes that by 1990, every nonhandicapped child should pass a basic skills
competency test before entering 9th grade.

’ The state office of educatior: is working collaboratively with Uta/ Univer-

sities to develop two programs. One program would retrain mathematics and
science teachers at summer institutes using coraputer-assisted instruction. The
other program would provide direct instruction to students using master teach-
ers and a telecommunications net' o that is now being set up in Utah.
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‘Governor Richard A. Snelling of Vermont has initiated the Early Child-
hood Program for children aged 3-8. The program,: which began in 1983-84,

- strongly emphasizes the early introduction of science*and mathematics.

During the summer of 1983, the Governor’s Institute on Science in
Ve;mont sponsored a computer problem-solving contest for about 35 students
selected by statewide committee. With the Math League, the Institute spon-
sored a mathematics contest. ’

Washington’s High Technology Education and Training Act, also passed
this year, included support for mathematics, science and computer education
programs for students and computer technology inservice training for teachers.
Funding will be available over the néxt two years, primarily for student
activities.

West Virginia’s Bureau of Leamning Systems, which recently examined
results of the State County Testing Program for the last six years, noted that
performance had improved markedly, but key curriculum and instruction ad-
justments were needed. Included among the major findings of the study,
“Academic Achievement of West Virginia Students as Measured by Com- .
prehensive Tests of Basic Skills,” were the following: (1) across all grade levels,
mathematics i; struction should put less emphasis on merely solving mathe:, «-
tics problems and more emphasis on using mathematics to solve real-'ife
problems; (2) improvements may be lagging at high school levels in scien.c
achievement becausc students simply lack interest in the subject: the current
emphasis on content should be balanced with hands on and problem solving
activities. ' '

In'October 1982, a conference was held at the Wingspread Center in

Racine to establish a model for science education in Wisce:nsin. The science

educators attending the conference made recomniendations aimed at 