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IT IS A PLEASURE TO PARTICIPATE THIS EVENING IN
YOUR CONSIDERATION OF ISSUES RELATED TO PUBLIC EDUCATION
IN THE UNITED STATES.

I THINK IT MIGHT BE USEFUL IF I DIRECTED MY REMARKS
TO THOSE ISSUES WHICH ARE NOW RECEIVING WIDESPREAD PUBLIC
ATTENTION AS A RESULT OF RECENT REPORTS ON THE STATE OF OUR
EDUCATIONAL SYSTEM, ESPECIALLY MATH AND SCIENCE EDUCATION.
AS YOU KNOW, THE CONCLUSIONS OF MANY OF THESE REPORTS ARE
SET FORTH IN QUITE GRIM TERMS, ONE REPORT CONCLUDES:

“OUR NATION IS AT RISK. OUR ONCE UNCHALLENGED

PREEMINENCE IN COMMERCE, INDUSTRY, SCIENCE AND

TECHNOLOGICAL INNOVATION IS BEING OVERTAKEN BY

COMPETITORS THROUGHOUT THE WORLD.,”
ANOTHER REPORTS:

“THE CURRENT AND INCREASING SHORTAGE OF CITIZENS

ADEQUATELY PREPARED BY THEIR EDUCATION TO TAKE ON

THE TASKS NEEDED FOR THE DEVELOPMENT OF OUR ECONOMY,



OUR CULTURE, AND SECURITY IS RIGHTLY CALLED A CRISIS

BY LEADERS IN ACADEME, BUSINESS AND GOVERNMENT.”

NOT ALL OBSERVERS, HOWEVER, HAVE BEEN QUITE SO PESSI-
MISTIC. A. BARTLETT GIAMATTI, PRESIDENT OF YALE AND A MEMBER
OF ONE OF THE MOST PUBLICIZED RECENT EDUCATION COMMISSIONS,
RECENTLY WROTE THAT HE CONSIDERED MAKING THE FOLLOWING REMARKS
TO YALES'S ENTERING FRESHMAN CLASS:

"LADIES AND GENTLEMEN OF THE CLASS OF 1987: I AM

DELIGHTED TO SEE YOU ALL HERE. AFTER ALL THE

CRITIQUES AND DEBATE ABOUT THE AMERICAN HIGH SCHOOL

THIS SUMMER, I DID NOT KNOW IF ANYONE COULD OR WOULD

SHOW UP THIS FALL. YOU ARE A VERY STRONG GROUP, AS

STRONG A FRESHMAN CLASS AS WE HAVE EVER HAD, YOUR

PRESENCE HERE ARGUES FOR THE HEALTH OF AMERICAN

SECONDARY EDUCATION...YOU HAVE COME HERE NOT DESPITE

BUT BECAUSE OF SCHOOL SYSTEMS AND TEACHERS WHO HAVE

TAKEN A BATTERING RECENTLY, A BATTERING ALL OUT OF

PROPORTION TO THEIR RESPONSIBILITY... .”




INDEED, EVEN ONE OF THE MOST CRITICAL OF THE RECENT

EDUCATION REPORTS ACKNOWLEDGES THE GREAT SUCCESSES OF THE
AMERICAN EDUCATION SYSTEM-BY NOTING THAT:
“/THE SCHOOLS/ NOW GRADUATE 75 PERCENT OF OUR
YOUNG PEOPLE FROM HIGH SCHOOL...THE PROPORTION OF
AMERICANS OF COLLEGE AGE ENROLLED IN HIGHER
EDUCATION IS NEARLY TWICE THAT OF JAPAN AND FAR
EXCEEDS OTHER NATIONS SUCH AS FRANCE, WEST GERMANY,

AND THE SOVIET UNION.”

BUT I DO NOT INTEND HERE TO QUOTE COMPETING VALUE
JUDGMENTS ABOUT THE STATE OF AMERICAN EDUCATION. FACTS AND
ANALYSES, HOPEFULLY, WILL BE MORE»ILLUMINATING.

IT HAS GENERALLY BEEN ASSUMED THAT MATH AND SCIENCE
EDUCATION IN THE UNITED STATES IS DEFICIENT IN FIVE RESPECTS:

. THE AMERICAN EDUCATION SYSTEM IS NOT PRODUCING

ADEQUATE NUMBERS OF TRAINED SCIENTISTS, MATHEMA-

TICIANS, ENGINEERS OR COMPUTER SCIENTISTS TO MEET

ECONOMIC OR MILITARY NEEDS,



THE PROBLEMS WILL BECOME EVEN MORE SEVERE IN THE

NEXT DECADE WHEN TECHNOLOGICAL ADVANCES WILL INCREASE

THE NEED FOR HIGHLY TRAINED PERSONNEL IN THESE FIELDS.

* AMERICAN STUDENTS ARE MORE POORLY TRAINED, AS MEASURED
BY SCIENCE AND MATHEMATICS ACHIEVEMENT TESTS, THAN ARE

THEIR PEERS IN OTHER INDUSTRIALIZED COUNTRIES.

* AMERICAN STUDENTS ARE ALSO MORE POORLY TRAINED THAN

WERE THEIR AMERICAN PREDECESSORS A GENERATION AGO,

* THESE PROBLEMS RESULT FROM A GENERAL LAXITY IN
EDUCATIONAL CURRICULA AND STANDARDS AND BY A

SHORTAGE OF QUALIFIED SCIENCE AND MATHEMATICS TEACHERS.

I WILL DISCUSS (1) THE EXTENT TO WHICH THESE ASSUMPTIONS
ARE SUPPORTED BY RESEARCH FINDINGS; (2) THE EXTENT T0O WHICH
PROPOSED REMEDIES--SUCH AS INCREASING SCIENCE, MATHEMATICS AND
COMPUTER SCIENCE REQUIREMENTS--WILL IN FACT SOLVE WHATEVER
PROBLEMS ARE IDENTIFIED; AND (3) WHAT OTHER ISSUES - TRADEOFFS

IF YOU WILL - WHICH RELATE TO FINANCE, FAIRNESS AND THE SOCIAL
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STRUCTURE OF OUR COUNTRY - NEED TO BE CONSIDERED IN DETERMINING
FIRST WHETHER, OR SECOND, HOW EDUCATIONAL CHANGES IN THESE AREAS

SHOULD BE IMPLEMENTED, 3

ASSUMPTION 1

THE AMERICAN EDUCATION SYSTEM IS NOT PRODUCING ADEQUATE
NUMBERS OF TRAINED SCIENTISTS, MATHEMATICIANS, ENGINEERS OR
COMPUTER SCIENTISTS TO MEET ECONOMIC OR MILITARY NEEDS.

IT WOULD SEEM APPROPRIATE STRAIGHT OFF TO CONSIDER SOME
RECENT FINDINGS OF THE BUREAU OF LABOR STATISTICS AND OTHER U.S.
GOVERNMENT AGENCIES,

THESE AGENCIES REPORT THAT THE CURRENT SUPPLY OF SCIENTISTS
AND MATHEMATICIANS IS IN FACT ADEQUATE EXCEPT IN A FEW SUBFIELDS
OF PHYSICAL AND BIOLOGICAL SCIENCE. INDEED, PROJECTIONS INDICATE
THAT BY 1990, THE NUMBER OF NEW SCIENCE AND MATHEMATICS GRADUATES
AT ALL DEGREE LEVELS, BACHELORS, MASTERS AND PH.D., WILL EXCEED
THE NUMBER ABLE TO FIND JOBS IN THOSE FIELDS.,
PROJECTIONS BY THE BUREAU OF LABOR STATISTICS INDICATE, IN

FACT, AN OVERALL BALANCE BETWEEN SUPPLY AND DEMAND FOR ENGINEERS



FOR THE REST OF THE 1980‘S. SHORTAGES OF ENGINEERS IN THE
PAST FEW YEARS HAVE BEEN LIMITED TO A FEW SPECIALITIES (RECENT
GRADUATES IN ELECTRONICS, COMPUTER DESIGN AND PETROLEUM
ENGINEERING--FIELDS WITH RATHER MINIMAL WIDESPREAD DEMAND,
CERTAINLY NOT A DEMAND WHICH WOULD JUSTIFY A MASSIVE EFFORT TO
CHANGE BASIC COURSE CURRICULA. THERE MAY BE SHORTAGES OF PH.D.
ENGINEERS BUT ONLY TO FILL FACULTY POSITIONS--CAUSED NOT BY ANY
INADEQUACIES IN THE EDUCATION SYSTEM BUT SIMPLY BY A LACK OF
FINANCIAL INCENTIVES FOR YOUNG ENGINEERS, WHO ARE WELL PAID BY
INDUSTRY AT LOWER DEGREE LEVELS TO ASPIRE TO PH,D’S AND THUS TO
LOWER PAYING UNIVERSITY POSITIONS, THE BUREAU OF LABOR STATISTICS
SUMS IT UP THIS WAY:

“DURING THE 1980’S, THE UNITED STATES WILL BE

TURNING OUT ABOUT TWICE AS MANY BACHELOR'S DEGREE

GRADUATES IN ENGINEERING AS IN THE 1960°S, A DECADE

OF RAPID ECONOMIC GROWTH, HIGH DEFENSE SPENDING, AND

A SPACE PROGRAM THAT PUT AN ASTRONAUT ON THE MOON.”



THE FACT IS THAT WE WILL NOT NEED MORE ENGINEERS THAN
THE RATE NOW BEING TURNED OUT.

THE CURRENT DEMAND FOR TRAINED COMPUTER SCIENTISTS DOES
EXCEED THE SUPPLY. HOWEVER, THE NUMBERS OF STUDENTS RECEIVING
COMPUTER SCIENCE DEGREES IS INCREASING SO RAPIDLY THAT BY THE
END OF THE 1980’S, GIVEN CURRENT RATE INCREASES, EVEN THESE
 SHORTAGES ARE LIKELY TO BE TEMPORARY.

IN GENERAL, THEREFORE, LABOR MARKET PROJECTIONS SHOW THAT
THE EDUCATIONAL SYSTEM IS IN FACT PRODUCING ADEQUATE NUMBERS OF
SCIENTISTS, MATHEMATICIANS AND ENGINEERS. ANY SHORTAGES THAT
EXIST ARE LIKELY TO BE SHORT TERM, INDEED, THERE WILL BE
SURPLUSES IN MANY FIELDS.

THE BUREAU OF LABOR STATISTICS SUGGESTS THAT SOME OF THE
EXAGGERATED PREDICTIONS OF SHORTAGES MAY RESULT FROM THE
METHODOLOGY USED IN SURVEYING THE PROJECTED BUSINESS AND MILITARY
DEMAND. IN RESPONSE TO SURVEYS OF FUTURE PROJECTED REQUIREMENTS,
THESE INSTITUTIONS UNDERSTANDABLY OVERESTIMATE OVERALL INDUSTRIAL

GROWTH AND THEIR SHARE OF THE MARKET. EACH DEFENSE INDUSTRY



APPARENTLY ASSUMES THAT IT WILL RECEIVE A DISPROPORTIONATE

SHARE OF MAJOR DEFENSE CONTRACTS, WHICH IN TURN MULTIPLIES MANY
TIMES THE OVERALL REQUIREMENTS OF THE INDUSTRY. ONLY ONE AWARD
WILL IN FACT BE MADE., THE RESULT IS A LARGE OVERCOUNT OF
TECHNICAL STAFFING NEEDS. THERE ALSO IS EVIDENCE THAT COMPANIES
REPORT SHORTAGES OF HIGHLY TRAINED PERSONNEL WHEN THEY FEEL
BUDGET PRESSURES OVER THEIR HIRING PROSPECTS OR WHEN FOR ONE
REASON OR ANOTHER THEY CANNOT ATTRACT THE BEST STUDENTS AT THE
SALARIES THEY WOULD PREFER TO PAY. MANAGERS, UNDER SUCH CIRCUM-
STANCES, TOO QUICKLY CONCLUDE, ALMOST AS A DEFENSIVE GESTURE,
THAT THE FAULT LIES NOT IN THEMSELVES, BUT RATHER IN THE LACK OF
ENOUGH TRAINED PERSONNEL. PERHAPS IF THEY WOULD REVIEW THEIR
ASSUMPTIONS ABOUT THE “RIGHT” COMPENSATION, THEY WOULD NOT

CONCLUDE QUICKLY THAT THERE WERE SHORTAGES.,

ASSUMPTION 2

IN THE NEXT DECADE, TECHNOLOGICAL ADVANCES WILL RAPIDLY
ACCELERATE THE DEMAND FOR HIGH LEVEL SCIENTIFIC AND COMPUTER

PERSONNEL.




NO ONE CAN PREDICT WITH CERTAINTY EXACTLY WHAT THESE
ADVANCES OR THEIR EFFECTS WILL BE. PROJECTIONS SUGGEST THAT
SOME COMPUTER AND ENGINEERING FIELDS WILL BE AMONG THE
FASTEST GROWING OCCUPATIONS. HOWEVER, CONTRARY TO POPULAR
BELIEF, THE GREATEST NUMBER OF NEW JOBS WILL NOT BE IN THESE
FIELDS., THEY WILL BE IN LOW-SKILLED OCCUPATIONS REQUIRING
QUITE LOW LEVELS OF SCIENCE AND MATH KNOWLEDGE, NOT IN HIGH
TECHNOLOGY JOBS. THIS IS CONSISTENT WITH A RECENT STUDY OF
COLLEGE GRADUATES IN THE MID-SEVENTIES WHICH SHOWED THAT ALMOST
HALF WERE NOT IN COLLEGE LEVEL JOBS, 1.E., THEY WERE DOING JOBS
IN WHICH AT LEAST 70 PERCENT OF THEIR COLLEAGUES DOING THE
SAME JOB DID NOT ATTEND COLLEGE,

NOT ONE OF THE TWENTY OCCUPATIONS EXPECTED TO HAVE THE
LARGEST JOB GROWTH IN THE 13 YEAR PERIOD BETWEEN 1982-AND 1995
WILL BE IN A HIGH TECHNOLOGY AREA, SOME EXAMPLES ARE RELEVANT,
RECENT ESTIMATES SHOW: |
/79,000 NEW OPENINGS FOR BUILDING CUSTODIANS; 744,000

NEW OPENINGS FOR CASHIERS; AND 719,000 NEW OPENINGS FOR
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SECRETARIES, COMPARED TO 217,000 NEW OPENINGS FOR
COMPUTER SYSTEMS ANALYSTS; AND 205,000 NEW OPENINGS
| FOR COMPUTER PROGRAMMERS.
AND PROBABLY MORE SURPRISING IS THE PREDICTION THAT THE NUMBER
OF NEW KINDERGARTEN AND ELEMENTARY TEACHING POSITIONS AVAILABLE--
511,000--WILL BE GREATER THAN THE NUMBER OF POSITiONS FOR COMPUTER
SYSTEMS ANALYSTS AND FOR COMPUTER PROGRAMMERS COMBINED.

JUST AS IMPORTANT, IT IS NOT AT ALL CERTAIN THAT INCREASED
TECHNOLOGICAL INNOVATIONS IN THE NEXT 10 TO 20 YEARS WILL REQUIRE ‘
INCREASED SKILL REQUIREMENTS., SOME ECONOMISTS ARGUE THAT HIGH ;
TECHNOLOGY IS MORE LIKELY TO REDUCE THE SKILL REQUIREMENTS FOR
JOBS RATHER THAN TO INCREASE THEM AND THAT THE SUPPLY OF THE
TECHNICALLY TRAINED WILL OUTSTRIP DEMAND--A CONCLUSION CONTRARY
T0 THE POPULAR ASSUMPTION THAT OUR EDUCATION SYSTEM HAS FAILED
T0 PRODUCE ADEQUATE NUMBERS OF QUALIFIED SCIENTISTS AND ENGINEERS.

COMPUTERS OFFER ONE EXAMPLE OF WHAT I MEAN BY POTENTIAL

REDUCTION IN SKILL REQUIREMENTS, BEFORE RECENT ADVANCES IN
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COMPUTER TECHNOLOGY, PROGRAMMERS AND OPERATORS WITH COMPLEX
SKILLS WERE NEEDED TO DEVELOP AND USE COMPUTERS. NOW, THE
CREATIVE AND SKILLED WORK IS DONE BY SYSTEMS ANALYSTS,
PACKAGED PROGRAMS ARE READILY AVAILABLE, AND COMPUTER
PROGRAMMING AND OPERATION HAVE BECOME MORE ROUTINE TASKS.
LOOK AT THE DROP IN PRICES OF HOME COMPUTERS -- CERTAINLY
NOT EVIDENCE OF AN EVER INCREASING NEED FOR A HIGH COST
LABOR FORCE FOR THEIR PRODUCTION AND REFINEMENT. ON THE
USER SIDE, THE FACT IS THAT NO SPECIAL SKILLS ARE NEEDED TO
OPERATE NEW OFFICE COMPUTERS.,

THIS DOES NOT SAY, OF COURSE, THAT OUR SOCIETY WILL NOT
CONTINUE TO DEMAND LARGE NUMBERS OF HIGHLY TRAINED SCIENTISTS,
ENGINEERS AND COMPUTER SPECIALISTS. IT DOES SUGGEST THAT
REPORTS OF SHORTAGES, POOR TRAINING, AND THE PROPORTION OF
TOTAL EMPLOYMENT ACCOUNTED FOR BY THESE FIELDS HAVE BEEN

GREATLY EXAGGERATED.,
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ASSUMPTION 3

AMERICAN STUDENTS ARE POORLY TRAINED IN SCIENCE AND
MATHEMATICS, AS MEASURED BY ACHIEVEMENT TEST SCORES,

THAN ARE THEIR PEERS IN OTHER INDUSTRIALIZED COUNTRIES.

PERHAPS. THE AVERAGE ENROLLED AMERICAN HIGH SCHOOL
STUDENT SCORES LOWER IN INTERNATIONAL COMPARISONS THAN
THE AVERAGE ENROLLED HIGH SCHOOL STUDENT TM OTHER
INDUSTRIALIZED COUNTRIES. THE PRCELEM WITH THESE
COMPARISONS IS THAT THEY DO NOT COMPARE EQUAL PROPORTIONS
OF THE RELEVANT HIGH SCHOOL AGE GROUPS, LET ME BE
SPECIFIC. ONLY ABOUT 20 PERCENT OF THE HIGH SCHOOL AGE
GROUP CHILDREN ATTEND UPPER SECONDARY SCHOOL IN EUROPE--
THE HIGHEST ACHIEVING 20 PERCENT. THAT COMPARES TO
ABOUT 80 PERCENT IN THE UNITED STATES., IN EUROPE,
ACADEMIC SCHOOLING FOR THOSE BETWEEN 16 AND 18, WHILE

PERHAPS NOT ELITIST, CERTAINLY DOES NNT ATTEMPT TO SERVE
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VIRTUALLY THE ENTIRE AGE GROUP, AS A RESULT, THE
INTERNATIONAL STUDIES COMPARE THE AVERAGE SCORE OF OVER
THREE-FOURTHS OF THE AGE GROUP IN THE UNITED STATES WITH

THE AVERAGE SCORE OF THE TOP 9 PERCENT IN WEST GERMANY,

THE TOP_13 PERCENT IN THE NETHERLANDS, OR ONLY THE TOP

45 PERCENT EVEN IN SWEDEN. HOWEVER, WHEN THE SAME

PROPORTIONS OF RELEVANT AGE GROUPS ARE COMPARED, THE

RESULTS ARE QUITE DIFFERENT. THE TOP 4 PERCENT OF

AMERICAN STUDENTS SCORE AT ABOUT THE SAME LEVEL IN

MATHEMATICS AS A COMPARABLE GROUP IN MOST OTHER INDUSTRIALIZED
COUNTRIES, THOUGH LOWER THAN STUDENTS IN SWEDEN, JAPAN,

OR ISRAEL, FOR EXAMPLE. AMERICAN STUDENTS ALSO SCORE AT

ABOUT THE SAME LEVELS IN SCIENCE AS COMPARED TO STUDENTS IN
OTHER INDUSTRIALIZED COUNTRIES--BETTER THAN STUDENTS IN
FRANCE, BELGIUM OR ITALY, NOT AS WELL AS STUDENTS IN NEW
ZEALAND, ENGLAND OR AUSTRALIA, I COULD 6O ON WITH COM-

PARATIVE DATE. IT IS SUFFICIENT TO NOTE THAT WHEN EAUAL
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PERCENTAGES OF AGE GROUPS ARE COMPARED, THE RESULTS DO

CREDIT TO OUR EDUCATIONAL SYSTEM——PARTICULARLY WHEN ONE

'CONSIDERS THAT ‘f&f':izia:n nas THE COMPLEX
REQUIREMENTS NOT ONLY TO PROVIDE AN EDUCATION OF HIGH
QUALITY FOR THE BRIGHTEST STUDENTS, BUT, UNLIKE ITS

EUROPEAN COUNTERPART, TO DO SO IN AN ENVIRONMENT IN WHICH

THERE IS MANDATORY ATTENDANCE AND AN EDUCATIONAL
RESPONSIBILITY FOR VIRTUALLY THE ENTIRE SCHOOL AGE GROUP

--NOT JUST A SMALL PART OF IT--AND IN THE SAME CLASSROOM,

ASSUMPTION 4

THE ASSUMPTION IS THAT AMERICAN STUDENTS ARE MORE
POORLY TRAINED THAN WERE THEiR AMERICAN PREDECESSORS. THAT
MEANS THAT YOU WERE BETTER TRAINED IN HIGH SCHOOL THAN ARE
YOUR CHILDREN, I DOUBT IT INSTINCTIVELY, AND, MORE

IMPORTANT, THE ASSUMPTION IS NOT SUPPORTED BY THE EVIDENCE,

THE PROBLEM AGAIN IS CNE CF MEASUREMENT. AN ADVISORY

PANEL ON SAT SCORES NOTED THAT THREE-FOURTHS OF THE DECLINE



15

IN SCORES BETWEEN 1963 AND 1970 COULD BE ATTRIBUTED TO
CHANGES IN THE NUMBERS AND SOCIO-ECONOMIC CHARACTERISTICS
OF THE GROUP TAKING THE TEST, AND QONE-FOURTH AFTER 1970,
THIS SIMPLY MEANS THAT 15-20 YEARS AGO THE TEST WAS
TAKEN BY A MUCH SMALLER PROPORTION OF THE POPULATION
SINCE FEMER STUDENTS ATTENDED COLLAGE IN THOSE DAYS., THE
MORE THAT TAKE THE TEST, THE LOWER WILL BE THE SCORES AND,
ACCORDINGLY, YOU WILL PULL DOWN THE AVERAGE, THAT HAS
NOTHING TO DO WITH THE QUALITY OF EﬁUCATION} AND CERTAINLY
WOULD BE AN UNRELIABLE MEASURE TO USE FOR ANY LONGITUDINAL
STUDY OF THE QUALITY OF EDUCATION,
THESE ARE A FEW OF THE FINDINGS FOR SAT AND OTHER

ACHIEVEMENT TESTS:
SCORES ON SAT MATH ACHIEVEMENT TESTS (TAKEN BY THE TOP

MATH STUDENTS AMONG THE COLLEGE BOUND POPULATION) AND
IN SIMPLE COMPUTATIONAL SKILLS ~ IN FACT HAVE NOT DECLINED,
HOWEVER, EVERYTHING IN BETWEEN--PARTICULARLY MATH APPLICA-

TIONS LIKE PROBLEM SOLVING AND PERCENTAGES--HAS GONE DOWN,
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SCIENCE RESULTS ARE MIXED: SCORES ON SAT ACHIEVEMENT TESTS

(IN BIOLOGY, PHYSICS AND CHEMISTRY) ARE AS HIGH OR HIGHER
THAN THEY WERE 6 TO 10 YEARS AGO, SCORES ON THE ACT
NATURAL SCIENCE TEST (WHICH REPRESENTS A BETTER CROSS
SECTION OF COLLEGE BOUND STUDENTS.THAN DO THE SAT ACHIEVE-
MENT TESTS) HAVE SHOWN SLIGHT INCREASES IN THE PAST 15
YEARS., FINALLY, SCORES ON THE NAEP SCIENCE ACHIEVEMENT
TESTS, WHICH TESTS REPRESENTATIVE SAMPLES OF ELEMENTARY,
JUNIOR HIGH AND HIGH SCHOOL STUDENTS--NOT JUST COLLEGE
BOUND--ON BASIC SCIENCE INFORMATION, HAVE DECLINED. IN
SHORT, COLLEGE BOUND STUDENTS HAVE HELD THEIR OWN-OR- -
IMPROVED IN SCIENCE TESTS IN THE PAST 10 TO 15 YEARS,

WHILE SCORES FOR THE POPULATION AS A WHOLE HAVE DECLINED,

IT IS INTERESTING THAT THESE ACHIEVEMENT FINDINGS ARE
SIMILAR TO PARALLELED BY REPORTS OF EMPLOYERS WHO NOTE
DEFICIENCIES IN LOWER LEVEL MATH SKILLS--AND IN SPEAKING,

WRITING, READING, LISTENING SKILLS--FOR A WIDE RANGE OF
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RELATIVELY LOW-SKILL OCCUPATIONS. SCIENCE AND HIGHER LEVEL
MATH DEFICIENCIES ARE MENTIONED FAR LBSS OFTEN., ONE

RARELY HEARS A COMPLAINT ABOUT INABILITY TO DO EVEN SIMPLE
ALGEBRAIC EQUATIONS; THERE ARE WIDESPREAD COMPLAINTS THAT
EMPLOYEES CANNOT WRITE A SIMPLE LETTER, BUT I WILL COMMENT

MORE ON THAT LATER,

ASSUMPTION 5

THERE IS A GENERAL LAXITY OF EDUCATIONAL CURRICULA
AND STANDARDS ACROSS THE BOARD, AND THERE IS A SHORTAGE

OF QUALIFIED SCIENCE AND MATHEMATICS TEACHERS.

AGAIN, THE ACTUAL DATA SHOW THAT RECENT REPORTS
EXAGGERATE OR INADEQUATELY DEFINE THE PROBLEMS.

SOME GENERAL FINDINGS:

THE TRAINING AND QUALIFICATIONS OF HIGH SCHOOL GRADUATES
WHO INTEND TO MAJOR IN SCIENCE AND ENGINEERING AFTER HIGH
SCHOOL REMAINS HIGH; THE MAIN PROBLEMS ARE IN THE QUALITY

- OF INSTRUCTION FOR THE GENERAL NON-SCIENCE OR ENGINEERING

POPULATION,
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CONTRARY TO PUBLIC PERCEPTION, HIGH SCHOOL STUDENTS
TOOK MORE MATHEMATICS IN 1980 THAN THEY DID IN 1972 AND
ABOUT THE SAME AMOUNT OF SCIENCE., AMONG COLLEGE BOUND STUDENTS
WHO TOOK THE SAT, THE AMOUNT OF MATH AND SCIENCE HAS
INCREASED EVERY YEAR FOR THE PAST 10 YEARS.

STUDENTS MAJORING IN EDUCATION HAVE LOWER ACADEMIC
QUALIFICATIONS THAN DO STUDENTS PREPARING FOR OTHER
PROFESSIONAL CAREERS. THIS FINDING, OF COURSE, IS NOT
UNIQUE TO SCIENCE AND MATHEMATICS TEACHERS BUT CAN BE SAID
GENERALLY OF EDUCATION MAJORS WHEN COMPARED TO OTHER COLLEGE
MAJORS.,

THE WELL PUBLICIZED SHORTAGE OF MATHEMATICS AND SCIENCE
TEACHERS AT THE SECONDARY LEVEL IS MORE SEVERE FOR MATH
THAN IT IS FOR SCIENCE, WHERE IT IS LIMITED TO PHYSICS AND
CHEMISTRY. HOWEVER, THE TEACHER SHORTAGE IN MATH AND

SCIENCE IS NOT LIMITED TO THESE FIELDS: THERE ARE ALSO



19

SHORTAGES IN VOCATIONAL/TECHNICAL FIELDS, SPECIAL EDUCATION
AND BILINGUAL EDUCATION. THE FACT THAT THERE ARE SHORTAGES
IN THESE OTHER FIELDS MAKES EXTREMELY DIFFICULT ANY
JUSTIFICATION FOR EXTRA PAY FOR TEACHERS IN MATH AND
SCIENCE SIMPLY BECAUSE OUR SOCIETY MAY DECIDE THAT IT IS
MORE ELEGANT TO PAY FOR ALGEBRA TEACHERS THAN FOR VOCATIONAL
EDUCATION TEACHERS.,

FINALLY, THERE IS A SHORTAGE OF HIGH QUALITY FACULTY

TO TEACH ENGINEERING AND COMPUTER COURSES.

A NOTE OF IRONY: SHORTAGES OF MATH AND SCIENCE TEACHERS

DO NOT NECESSARILY MEAN THAT THESE TEACHERS CAN READILY FIND
JOBS. IN APRIL 1983, THE SAME MONTH THE NATIONAL COMMISSION
ON EXCELLENCE RELEASED ITS REPORT NOTING “PARTICULARLY
SEVERE” SHORTAGES OF MATHEMATICS AND SCIENCE TEACHERS, A
CHICAGO NEWSPAPER REPORTED THAT THE CHICAGO BOARD OF

EDUCATION HAD MADE SUBSTANTIAL REDUCTIONS IN MATH AND
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SCIENCE TEACHERS DURING THE PAST SEVERAL YEARS. INDEED,
CHICAGO HAD A SURPLUS OF MATH AND SCIENCE TEACHERS
COMPARED TO AVAILABLE POSITIONS: LISTS OF AVAILABLE
TEACHERS SHOWED THAT 35 CHEMISTRY TEACHERS WERE CERTIFIED
BUT NOT ASSIGNED TO FULL-TIME POSITIONS; 5 MATH TEACHERS;
19 GENERAL SCIENCE TEACHERS; 7 PHYSICS TEACHERS; AND

23 BIOLOGY TEACHERS. MANY OF THESE TEACHERS WERE WORKING
AS SUBSTITUTES AND NOT NECESSARILY IN THEIR FIELDS OF

EXPERTISE.

PROPOSED REMEDIES

WHAT MIGHT BE CONCLUDED FROM THE RESEARCH EVIDENCE?

FIRST, THE DATA SHOW THAT THE AMERICAN EDUCATION
SYSTEM IS PRODUCING HIGHLY QUALIFIED SCIENTISTS, ENRINEERS,
MATHEMATICIANS, AND COMPUTER SPECIALISTS., SHORTAGES ARE

LIMITED TO SUB-SPECIALTIES AND GENERALLY ARE TEMPORARY,



IN ADDITION, THE ACHIEVEMENT OF OUR TOP STUDENTS IN MATH
AND SCIENCE IS RESPECTABLE BOTH IN COMPARISON WITH THEIR
PEERS IN OTHER COUNTRIES AND WITH THEIR AMERICAN COUNTERPARTS

OF EARLIER YEARS,

SECOND, IMPROVEMENTS IN SCIENCE AND MATH EDUCATION
ARE NEEDED FOR THOSE WHO ARE NOT PLANNING A CAREER IN
SCIENCE OR MATH., ACHIEVEMENT RESULTS SHOW DECLINES IN

BASIC KNOWLEDGE ABOUT SCIENCE AND IN MATH APPLICATIONS

A NUMBER OF REFORMS IN MATH AND SCIENCE EDUCATION
HAVE BEEN PROPOSED. THESE INCLUDE STRENGTHENING COURSE
REQUIREMENTS, CIRRICULUM REVISIONS, AND FINANCIAL INCENTIVES
FOR MATH AND SCIENCE TEACHERS--HIGHER SALARIES, MERIT PAY
PLANS, AND SCHOLARSHIPS, 1 WILL LIMIT MY COMMENTS HERE TO

PROPOSALS FOR STRENGTHENING COURSE REQUIREMENTS. IN

GENERAL, THESE PROPOSALS WOULD REQUIRE STUDENTS TO TAKE

SUCH AS PROBLEM SOLVING,
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MORE ALGEBRA, CALCULUS, PHYSICS OR CHEMISTRY, BUT DO NOT
ADDRESS THE NEEDS OF THE POPULATION AS A WHOLE--THAT IS,
THOSE WHO ARE NEITHER SCIENCE OR MATH MAJORS--WHO MAY
BENEFIT MORE FROM COURSES THAT ARE NOT DESIGNED ALONG
NARROW DISCIPLINARY LINES.

THE MORE TRADITIONAL COURSES OFTEN RESULT IN THE
STUDENTS PARROTING CHEMICAL TERMS AND DOING SIMPLE
FORMULAS WITHOUT THE VAGUEST IDEA OF WHAT THEY ARE LEARNING
ABOUT OR HOW IT IS RELEVANT TO SCIENTIFIC METHODOLOGY OR
TO THE WORLD ABOUT THEM. EVEN THE LABELS ARE FORGOTTEN
WITHIN SIX MONTHS,

NOR IS THERE ANY EVIDENCE THESE SO CALLED “TOUGH”
COURSES, GIVEN AT RANDOM TWO OR THREE TIMES IN A HIGH SCHOOL
CAREER, CREATE A DISCIPLINE FOR DOING CAREFUL WORK, ACT AS
A FOUNDATION FOR LOGICAL THINKING, OR PREPARE ONE FOR THE

RIGOR OF THE “REAL WORLD.” BETTER, IT HAS BEEN SUGGESTED,

THAT STUDENTS RECEIVE AN UNDERSTANDING OF SCIENTIFIC
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METHODOLOGY AND OF MAJOR SCIENTIFIC ISSUES IN THE CONTEXT
OF PUBLIC POLICY, RATHER THAN ATTEMPTING TO TEACH
EVERYTHING THAT IS KNOWN ABOUT PHYSICS,

IT IS SIMPLY NOT MEANINGFUL TO MOST STUDENTS TO
COVER AN ENTIRE FOUR YEAR UNDERGRADUATE COLLEGE PHYSICS
CURRICULUM IN A YEAR BY SPENDING A WEEK ON EACH MAJOR
DISCIPLINE., THE RESULT, WHICH WE ALL REMEMBER FROM OUR
OWN EXPERIENCE OR THAT OF OUR CHILDREN, IS THAT MOST
STUDENTS MEMORIZE A LOT OF STUFF, CANNOT PLACE IT IN
CONTEXT, OR UNDERSTAND THE FIELDS FROM WHICH THE MATERIAL
IS DERIVED, WHERE IT IS LEADING, OR HOW IT Is USED,

AS ONE OBSERVER NOTED, “FORCING STUDENTS TO TAKE THE
SAME CHEMISTRY OR ALGEBRA II THEY HAVE BEEN AVOIDING FOR
THE LAST 20 YEARS IS NO ANSWER,” THE GENERAL SECRETARY OF
THE AMERICAN ASSOCIATION OF UNIVERSITY PROFESSORS SUMMED

IT UP THIS WAY: “REQUIRING COURSES DOES NOT GUARANTEE




LEARNING IN COURSES.” THE FRENCH ESSAYIST MONTAIGNE IN

1580 PERHAPS BEST REFLECTS MY OWN CONCERNS:
"BUT AS THE STEPS THAT WE TAKE WALKING IN A GALLERY
MAY TIRE US LESS THAN IF THEY WERE TAKEN ON A FIXED
JOURNEY, SO OUR LESSONS, OCCURRING AS IF IT WERE
ACCIDENTALLY, WITHOUT BEING BOUND TO TIME OR PLACE,
AND MINGLING WITH ALL OUR OTHER ACTIONS, WILL GLIDE

PAST UNNOTICED,”

OTHER CONSIDERATIONS

THERE ARE, OF COURSE, OTHER CONSIDERATIONS, POSSIBLY
MORE FUNDAMENTAL, IN DETERMINING WHETHER OR HOW EDUCATION

REFORMS IN THESE AREAS SHOULD BE IMPLEMENTED,

FIRST, VERY FEW OF THE EDUCATION REPORTS CONSIDER
THE FINANCIAL OR SOCIAL COSTS OF THEIR RECOMMENDATIONS AND
THE TRADE-OFFS THAT WOULD BE NEEDED, NOR DO THEY SET

PRIORITIES., THE POINT IS THAT RESOURCES SPEND ON A




TRIVIAL PROBLEM DOES TAKE MONEY THAT MIGHT BE BETTER SPEND

FOR OTHER PURPOSES, SIMILARLY, REFORMS THAT DO NOT CONSIDER
IMPLICATIONS FOR ALL PARTS OF THE SOCIETY MAY DO MORE HARM
THAN GOOD.

LET ME BE SPECIFIC. IT IS ESTIMATED THAT THE TOTAL
COST OF RECOMMENDATIONS IN RECENT EDUCATION REPORTS--
THAT IS, INCREASING TEACHERS' SALARIES, MERIT PAY
ARRANGEMENTS, EXTENDING THE SCHOOL DAY AND SCHOOL YEAR,
FOR EXAMPLE--HOULD BE $20 BILLION TO $30 BILLION EACH
YEAR IN NEW FUNDS. TO PUT THIS FIGURE IN PERSPECTIVE,
THE TOTAL FEDERAL EXPENDITURE FOR ELEMENTARY, SECONDARY
AND HIGHER EDUCATION PROGRAMS IN FISCAL YEAR 1983,
INCLUDING STUDENT AID AT THE COLLEGE LEVEL, WAS $15.4 BILLION,
AND EACH OF THESE RECOMMENDATIONS IS FRAUGHT WITH CONTROVERSY,

WHICH TEACHERS? HOW WOULD MERIT BE MEASURED? WHO WNULD
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DECIDE? WHICH COURSES WOULD BE EXPANDED? THE RECENT
EDUCATION REPORTS PAY LITTLE ATTENTION TO THESE ISSUES,

ALTHOUGH SOME OF THESE REPORTS GIVE PASSING
ATTENTION TO THE IMPRESSIVE ROLE OF THE AMERICAN EDUCATIONAL
SYSTEM IN INCREASING SOCIAL OPPORTUNITY, THEY DO NOT
DISCUSS THE SOCIETAL IMPLICATIONS OF RECOMMENDATIONS LIKE
STRICTER COURSE AND GRADUATION REQUIREMENTS. WHAT HAPPENS
TO STUDENTS WHO CANNOT PASS ALGEBR&; OR PHYSICS IN TERMS
OF DROP OUT RATES, TRACKING) FUTURE EMPLOYMENT PROSPECTS?
WHILE WE DO NOT ANYMORE PRETEND TO BE A CLASSLESS SOCIETY,
WE CERTAINLY DO NOT BY OUR EDUCATION SYSTEM SEEK TO PUT
ROADBLOCKS ON UPWARD MOBILITY AND ACCESS TO A MORE
FULFILLING AND PRODUCTIVE LIFE.

WE ARE NOT A SOCIETY WHICH IS SATISFIED TO EDUCATE
ONLY THE TOP 10 PERCENT TO RUN THE COUNTRY OR BUSINESS.,

PERCENT OF THE AGE GROUP ENTER COLLEGE., THERE ARE
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TRADE-OFFS (I WOULD SAY ADVANTAGES) IN WANTING EDUCATION
FOR A BROAD BASE OF OUR YOUNG PEOPLE., FURTHER, THERE IS
NOT EVIDENCE THAT THE BRIGHTEST HAVE SUFFERED ANY
DISADVANTAGE IN FULFILLING THEIR POTENTIAL OR IN THE
MARKETPLACE. 1 WOULD ONLY NOTE THAT IN JAPAN, HIGH SCHOOL
ACADEMIC STUDENTS DO NOT RECEIVE COMPUTER SCIENCE TRAINING
AS PART OF THEIR HIGH SCHOOL CURRICULUM,

THE FACT IS THAT A BALANCE IS NEEDED; THE TALK
NOWADAYS, PROMPTED BY ROMANTIC NOTIONS ABOUT FUTURE
TECHNOLOGY AND INTERNATIONAL COMPETITION, IS NOT CONDUCIVE
TO A CAREFUL CONSIDERATION OF THE IMPLICATIONS OF PROPOSED
PUBLIC POLICY SOLUTIONS. THE CONCERN IS THAT SOCIAL
SCIENCE, HISTORY, HUMANITIES, LITERATURE WILL BE DIMINISHED
IN AN EFFORT TO MEET THE ASSUMED DEMANDS OF THE FUTURE,

A FEW REPORTS--PARTICULARLY THE CARNERIE FOUNDATION

STUDY--HAVE STRESSED THE IMPORTANCE OF A BALANCE BETWEEN
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MATH AND SCIENCE AND OTHER PARTS OF THE CURRICULUM,
THOUGH MOST REPORTS FOCUS ON MATH AND SCIENCE EDUCATION,
THE FACT IS THAT SAT SCORES, FOR EXAMPLE, HAVE SHOWN
STEEPER DECLINES IN VERBAL THAN IN MATH SCORES,
THE ACT HAS SHOWN STEEPER DECLINES IN SOCIAL SCIENCE THAN
IN MATH SCORES. THE QUALITY OF STUDENTS’ WRITING LEAVES
MUCH TO BE DESIRED; RECENT OBSERVERS SUGGEST THAT A
SIMPLE WRITING REQUIREMENT IS MORE CRITICALLY NEEDED THAN
IMPROVED SCIENCE AND MATHEMATICS INSTRUCTION, A NUMBER OF
ENGINEERING SCHOOLS, CONCERNED THAT THEIR STUDENTS MAY NOT
BE ABLE TO “MEET CHANGING CIRCUMSTANCES...AND APPROACH
LARGE SOCIAL ISSUES” ARE NOW-REVISING THEIR CURRICULUM
TO INCLUDE BROADER LIBERAL ARTS COURSES. IN SHORT, THAT
IS WHERE THE ATTENTION AND BALANCE ARE NEEDED, I SUGGEST

THAT IT WILL MAKE FOR MORE INFORMED CITIZENS--A PARTICULARLY
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DESIRABLE OBJECTIVE WHEN THERE IS LITTLE DOUBT THAT THE
SOCIAL SCIENCES AND HUMANITIES, BOTH IN FINANCIAL TERMS
AND IN CLASSROOM HOURS, WILL SUFFER IF AN ATTEMPT IS MADE
TO MEET A “NEED” WHERE JUSTIFICATION REMAINS, AS OF NOW,
UNPROVEN,

T0 CONCLUDE THESE REMARKS ABOUT SCIENCE AND MATHEMATICS
EDUCATION IN THE BROADER CONTEXT OF AMERICAN EDUCATION, I
WOULD LIKE TO CLOSE WITH SOME QUOTATIONS BY BENJAMIN
STEIN IN PUBLIC OPINION MAGAZINE BASED ON HIS CONVERSATIONS
WITH HIGH SCHOOL AND COLLEGE STUDENTS IN THE LOS ANGELES
AREA. T THINK IT MIGHT PUT THE "PROBLEM"” WE FACE IN SOME
PERSPECTIVE.

RECENTLY A 19-YEAR-OLD JUNIOR AT THE UNIVERSITY OF
SOUTHERN CALIFORNIA SAT WITH ME WHILE I WATCHED “GUADALCANAL
DIARY” ON TV, IT GOES WITHOUT SAYING THAT THE CHILD HAD NEVER
HEARD OF GUADALCANAL. MORE SURPRISINGLY, SHE DID NOT KNOW WHO
THE UNITED STATES WAS FIGHTING AGAINST THE PACIFIC. (”THE
GERMANS?”)  SHE WAS GENUINELY SHOCKED TO LEARN THAT ALL THNSE
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LITTLE PEOPLE ON THAT ISLAND WERE JAPANESE AND THAT THE
UNITED STATES HAD FOUGHT A WAR AGAINST THEM, = (“WHO WON?")

ANOTHER STUDENT AT USC DID NOT HAVE ANY CLEAR IDEA
WHEN WORLD WAR I1 WAS FOUGHT, SHE BELIEVED IT WAS SOME
TIME THIS CENTURY., (SHE IS A JOURNALISM MAJOR.) SHE ALSO
HAD NO CLEAR NOTION OF WHAT HAD BEGUN THE WAR FOR THE
UNITED STATES. (“PEARL HARBOR? WAS THAT WHEN THE UNITED
STATES DROPPED THE ATOM BOMB ON HIROSHIMA?”) EVEN MORE
ASTOUNDING, SHE WAS NOT SURE WHICH SIDE RUSSIA WAS ON AND
WHETHER GERMANY WAS ON OUR SIDE OR AGAINST US,

IN FACT, I HAVE NOT YET FOUND ONE SINGLE STUDENT IN
LOS ANGELES, IN EITHER COLLEGE OR HIGH SCHOOL, WHO COULD
TELL ME THE YEARS WHEN WORLD WAR II WAS FOUGHT, NOR HAVE
I FOUND ONE WHO COULD TELL ME THE YEARS WHEN WORLD WAR I
WAS FOUGHT. NOR HAVE I FOUND ONE WHO KNEW WHEN THE
AMERICAN CIVIL WAR WAS FOUGHT,

A FEW HAVE KNOWN HOW MANY U.S. SENATORS CALIFORNIA
HAS, BUT NONE HAS KNOWN HOW MANY NEVADA OR OREGON HAS.
(“REALLY? EVEN THOUGH THEY'RE SO SMALL?")

OF THE TEENAGERS WITH YHOM I VORK, NONE HAD EVER
HEARD OF VLADIMIR ILYICH LENIN, ONLY ONE COULD IDENTIFY
JOSEPH STALIN. (MY FAVORITE ANSWER--"HE WAS PRESIDENT
JUST BEFORE ROOSEVELT.")
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ONLY A FEW COULD ARTICULATE IN ANY WAY AT ALL WHY
LIFE IN A FREE COUNTRY IS DIFFERENT FROM LIFE IN AN UN-FREE
COUNTRY .

ONE NIGHT IN 1982, I WATCHED A TV MINI-SERIES ABOUT
ADOLF HITLER. IN THE SERIES, A DEMENTED, DEFEATED ADOLF
HITLER RANTS THAT HE NEVER WANTED WAR, THAT IT WAS FORCED
ON HIM BY RUSSIA AND ENGLAND. ONE OF MY FRIENDS AT UCLA
SAID TO ME WHILE WATCHING, “WHY DID RUSSIA AND ENGLAND
DO THAT?")

I HAVE MIXED UP EPISODES OF IGNORANCE OF FACTS WITH
IGNORANCE OF CONCEPTS BECAUSE IT SEEMS TO ME THAT THERE
IS A CONNECTION. IF A STUDENT HAS NO IDEA WHEN WORLD WAR II
WAS AND WHO THE COMBATANTS WERE AND WHAT THEY FOUGHT OVER,
THAT SAME HUMAN BEING IS LIKELY TO BE IGNORANT OF JUST
WHAT THIS SOCIETY STANDS FOR. IF A YOUNG WOMAN HAS NEVER
HEARD OF THE BILL OF RIGHTS, THAT YOUNG WOMAN IS UNLIKELY
TO UNDERSTAND WHY THIS IS A UNIQUELY PRIVILEGED NATION
WITH UNIQUELY PRIVILEGED CITIZENS, YOUNG AND OLD,

THE POINT IS THAT IN A STATE OF SUCH ASTONISHING
IGNORANCE, YOUNG AMERICANS MAY WELL NOT BE PREPARED FOR EVEN
THE MOST BASIC NATIONAL RESPONSIBILITY--UNDERSTANDING WHAT
THE SOCIETY IS ABOUT AND WHY IT MUST BE PRESERVED, s

~

THANK YOU,




