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ABSTRACT

Today's highly competitive global econ._myis being driven by increasingly rapid technological development. This
paper explores the problems of math and science illiteracy in the United States and the potential impact on our
economic survival in this environment during the next century. Established educational methods that rewardtask
performance, emphasize passive lecture, and fall to demonstrate relevance to real life are partly to blame. Social
norms, stereotypes, and race and gender bias also have an impact.

To address this crisis, we need to question the philosophy of an educational system that values task over concept.
Many schools have already initiated prcgrams at all grade levels to make math and science learning more
relevant, stimulating, and fun. Teaching methods that integrate math and science learning with teamwork, social
context, and other academic subjects promote the development of higher-order thinking sk_llsand help students
see math and science as necessary skills.

Introduction
In reviewing some of the most recent literature published regarding educational needs for the future, there seems
to be a clear consensus on at least two points: 1) we havea problem in this country with math and science
illiteracy, and 2) math and science literacy is becoming increasingly important, even essential, for survival in our
technology-driven world. What do we mean by these terms, and why are they so important?

Just as the term literacy refers to the ability to read, so math and science literacy refers to the ability to understand
the ba_i_ principles and use the fundamental tools of these two related fields. They also extend beyondthis
narrow definition to the realm of being ableto relate the concepts of math and science to everyday life in our
society. Does the voting public really grasp the meaning of a national debt in the trillions, or the statistical
chances of contracting the _-_.IDSvirus? Dopeople understandthe enormous potential of renewable energy
sources, _r inertial confinemefd fusion, or genetic engineering, in shaping our future on this planet?

The answer, according to many prominent authors on the subject, is no. Several sources from the fields of math,
science, and education contend that science and math illiteracy is created and perpetuated by a numberof
factors, among them cultural myths and paradoxes, race and gender bias, educational methods, and even the
attitudes and actions of mathematicians and scientists themselves. All agree that the present and potential future
impacts on society are tremendous. We need to explore these factors more fully to see the complete picture of
math and science illiteracy and ultimately understand the impacts of mati_and science illiteracy.

What's math got to do with it?
John Allen Paulos, known for his books on innumeracy (the phrase he uses to describe mathematical illiteracy),
puzzles over a population with so little understanc;ingof probability and statistics that it is paralyzed by the fear of
various forms of terrorism but doesn't give a second thought to driving without a seat belt. He is appalled by the
widespread belief in pseudo-sciences such as astrology. He is also amazed that people who can quote
Shakespeare and offer spirite_ intellectual discussion of historical events will actually brag about their inability to
balance a checkbook. The public seems blithely unaware of the importance and effect of math and science on
their daily activities. This lack of awareness helps perpetuate a number of myths and r,_isconceptionsabout math
and science and the professionals who work in these fields.
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"l_veneverbeen _ooodat math,
Dr. Paulosconcedesthere are differencesamongindividualsIn mathabilities,but addsthaldoes notmean a
personcan1learnthe basics. Wouldwe allowa studentto stopwdtingbecause heor she is nota highlytalented
writer? Certainlynell Yet we as a societystilloffernodsof understandingto classmates,colleagues,andfdends
who say"I'mjusta right-brainedperson,"or "I'ma peopleperson,nota numbersperson," implyingthe two are
mutuallyexclusive. These kindsof statementsfeed deeplyIngrainedstereotypesandundermineongoing
ahemptsto addressmathandsdence illiteracy.

The predominanceof somestereotypesmakesthrumalmostinsidious. Glance at the comicsfora week, and
inevitablythere is a stripthat portraysa scientist,mathematldan,or engineeras a "nsrd"or *geek*- sporllnga
whitelab coat andglasses,generallyunattractive,and almostalwaysa "nerdy"whitemale. Textbookpublishers
are alsoguiltyof unconsciouslyreinforcingthe publicperceptionof scientistsas whitemales.As a Newsweek
articlecitedby Brush(6) phrasedit,"realmen don'tdo science,realwomendon'teventhinkaboutIt."

This lastpoint evokesanothermyththat hasbeen disprovedbutnot debunked among thegeneral public. Gender
biashas been documentedin bothmath and scienceeducation,fromelementaryyearsto graduateschool.
(5,6,7,8) Whileboys may outperformgidsin later years,gldstestas wellor betterthanboys inthe elementary
grades. Studiesthat claimedfemale brainswere inferiorhavebeenre-evaluatedandoverturnedbysubsequent
studies. And sex-biasedtestquestionson the SAT havebeen shownto accountfor the apparentdifference in
boys'andgirls'scores. (6) Unfortunately,thismythpersistsdespiteevidenceto the contrary.

Professionalsin mathand scienceare partlyto blamefor the myththat mathandscienceare reservedfor onlythe
elite. Professorstend to portray theirfieldsas mysteriousandinacce_ible to protecttheirstatusas hdellectuais.
There is also a generallackof communicationbetweenprofessionalsandeducatorsthat helpspromotethe myth
of inaccessibilityto allbut the brighteststudents. (7) The acceptanceand perpetuationof allthesestereotypes
are pervasiveand reinforcethe public'sattitudesthatmathand scienceare superfluousand limitedto a select
and isolatedportionof the population.

_omDutationvs. Criticalthinkinq_
Paulospointsout thatthere is a differencebetweenthe abilityto performmathematicalcomputations(easilydone
witha calculatoror computer)andhavinga feel fornumbers- that instinctthattellsuswhen and howto apply
computationaltechniques,andwhetheror not the answermakessense.(1,4) In moregeneralterms,educators
oftenreferto the need to developcriticalthinkingskills,or higher-orderthinkingskills,amongour students.
Accordingto Hopkins,theseskillswillbe inhighdemandinthefutureworkforce. Employerswillneed notjust
functionalskillsdedicatedto a specificpurpose,but alsothegeneralabilityto assessandsolveproblemsinthe
workplace. This shiftinthe skillsemployersseekis linkedto an increasinglytechnologicalsociety. "Technology
squeezesthe non-thinkingtasksout of work,and soplacesa premiumon employees'intellectualskills,
particularlyon theirabilityto acquire,organize,andinterpretinformation."(4) The devutopmentof cdticalthinking
skillsanda feelfor numbersare aspectsof learningthatseem to be mlssh-,gin our matt. and science programs.
Youngstudentsmay know howto multiplyanddivideas;straightcomput&tionalfunctions,but haveno conceptel
usingthese operationsto figureout everydayproblems,suchas howmuchinterestwillbe earnedon a savings
account,or howto cuta recipein half.

Whoteaches theteachers_
The literatureenumeratesmanyothercriticismsof our educationalsystem. Teachersthemselves,seldomtrained
as scientistsor mathematicians,are intimidatedbymathandare oftenpoorlytrainedto teach mathcreatively.
Many universitiesrequirelessthan 12creditsof mathclassesto becomecertifiedto teachelementaryschool
math; some requirenone. (4) Such teachersare ill-preparedto presentmaterialin a relevantandstimulating
way. Studentsseldomworkwithany scienceprofessionalsemployedin industryandacademia;their impressions
of scientistsare shapedby theirscience teacherandthe prevailingsocietalstereotypes. Inthe academicsetting,
universityprofessorsare rewardedon thebasisof theirresearch,nottheirteachingmethods.

Can yourelate?
The way mathis generallypresented- as a stand-alone,cold,exact,unforgivingsubject- turnsstudentso'f,
Underpressureto coverthe plannedcurriculumand helpstudentsdowellon standardizedtests,teachers
concentrateon computationaltechniques. There is littleconnectionto othersubjects,andfew applicationsto real
life are discussed. Math _;!cc;endsto be taughthierarchically,ratherthanin an integratedfashion. This
decreasesopportunitiesto df'jmonstraterelevancetoother areasof mathematics. Some mathtopicsthat are
especiallyrelevant,suchas probabilityand statistics,are seldomaddressedpriorto college. Yet evenyoung
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studentscan gain an appreciationfortheseareasof mathintheirdally livesby discussingtopicssu_t as whata
50% chance of rain reallymeans.

PtoelinaFiltam
Scienceeducation enduressimilarcriticisms.Onlyonein fourcollegegraduatesqualifiesas sctentWtcallyliterate;
onlyone tnten educationmajorsqualifies. TheptpeHneflowof studentspursuing highereducationinsdentlflc
and technical fieldsIs diminishing,andrninodtlesandwomanare severelyu_rrepresented withinthat group.
Undergraduateand upper level highschoolmathand science programsare de_ned to "filterout"all but the
brightestor most perseveringstudents. Sadly,thislargelecture/examinationformat aftectsa disproportionate
number of womanand minorities,(8) Educatorsare alsochallengingthetraditionalpassivelectureformatas
singularlyunsuitablefor makingmathand scienceeducationmoreexperiential,"hands-on," andconnectedto
everydayHfe.

_e "Co-".Cdteda
There seems to be no argumentthatwe havea cdstsIn math and sdence educationIhatcouldsignificantlyaffect
our abilityto functionas a technology-basedsociaty. Whatcan we do aboutIt? Steen (8) outlinesseveralcdteda
we can apply to mathand sciencecurd_la to addressmanyof thecurrent educationalconcerns:

Community: Intellectualstimulationmustbe teamed withthe social,emotional,andethicalcontextsto sustain
motivationand preventdiscouragementin learningdifficultmaterial,

Construction : Studentslearnbetterwhentheycanconstructtheirown representationof knowledgeto reinforce
factsand formulas. Throughactive tnvesligation,argument,and participation,studentsbecome moreIntuitively
connactedwith the material, as opposedto regurgitatingmemorizeddata.

Connections : Studentsmustbe encouragedto make somesortof connectionto social,historical,personal,or
other contextsinorderto make senseof scienceandmath Goodteaching includestechniquesfor helping
studentsidentifythe contextthatwillhelpthemmakethe connectionthatworksbest for them.

Continuity : Scienceand mathshouldbe presented"asa seamlessfabdc of learningfrompre-schoolyears
throughgraduatestudyand research,"not asdiscreteandancillarysubjects. Furthermore,goodscienceand
matheducationat the collegelevelwillproducewell-trainedteachers,whichwill inturngenerategoodteachingat
the elementary and secondary levels,thusensuringcontinuityin thequalityof teaching.

Several programsemployingmanyof the principlesoutlinedbySteen have been launchedIs improvemathand
scienceeducation.

H0 oqe "dohtway"
Schoolsin MontgomeryCounty,MarylandhaveimplementedProjectIMPACT, a programofferedinkindergarten
throughsecondgradethat featuresearly,hands-onexposureto problem-solvingand a teachertraining
componentto provid(,teacherswithcreativeideasand techniquesforpresentingcurriculum. One st thecentral
tenetsof the programis that thereis noone "rightway"to do math problems,sothat childrenlearnearlyon that
there may be a vadetyof ways to solvea particularproblem,makingthemmore confidentand comfortablewith
mathfromthe earlyyears on.(4)

Anotherprogramthat reflectsSteen'sconceptsis offeredat the Challenger Centerfor Space ScienceEducation.
UnlikeSpace Campor otherNASA-sponsoredprograms,Challenger LearningCentersare classroom-based
programsfor middle-schoolstudentsthatusethe mysteryandexcitementof spaceas a vehicleforencouraging
studyand achievementin mathandscience. They operateaccordingto the principleof "learningbydoing."
Participantsact as mathand scienceprofessionalsworkingtogetherto successfullycompletea mission,andthat
successreinforcesmathand scienceas a positiveexperience. The LearningCentersare fundedbycorporate
contributionsand congressionalgrants,andoperatedbya foundationwhosemembersareteacherswhowere
finalistsin NASA'sTeacher-in-SpaceProgram (4)

"1learnedit on TV"
While televisionand videotechnologyhasbeen blamedforinhibitingstudents'abilityto problem-solveand sustain
the mentalorganizationandattentionneededto pedorminschool,it can alsobe used as a toolto presentmath
and sciencein a stimulatingandprovocativelight. Severalacclaimedseriesthat havebeen airedby PBS-
including3.2-1.Contact, Square One TV, Voyageof the Mimi, arid Newton's Apple - take advantageof the
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opportunityto garner youngpeople'sundlvideda.tte_lonto stimulateawarenessand interestincontemporaryandrelevam math lnd e_ence top_,,4.A spe_al 3.2 l.Confacl episodeon the deatructk)nof the rainforestsShowed
kJdehow sderv'..,ecan so're pro_eme inthewoddan)undthem,while Square One TVcovers a vadety of math
topk_ and Introducesdedu_tve reasoningthroughtheadventuresof two¢drne-soMng detectives. Amongthe

hlgh-teohedueatlonalmaterlelsbeingn_rketed are elaboratelystagedvideos that use analogy,humor,andcatChytech_es to Introducesclenceconcepts, as wellas curdculeusing CD ROM andothercomputer-based
tenok)gy.(4)
Stand and Deliver

While technologycan (:ed=n_ enhancelearning,manyadvocate¢m¢_ teachingconceptssuchas hardwork,
practice,anddesire to _ed onthe students'part,andtheteachers'loveof bothstudentsendteaching. Jaime
Elmalente,the highlyacclaimedmathteacherwhosework at predomlnantly-HispanicGarfieldHighSchoolin East
Los Angeleswas documentedinthe movieStand and Oellver, Is nowteachlngteachers. His techniquesfor
leaching math Incorporateseveralof Steen'scdteda. He presents the matedal Ina socialcontext thatstudents
can relate to -- theirownculturalsurroundings.He alsoInvolvesthe studentsIncollaborativeproblemsolving,
encouraglngstudents to reachIntuitiveunderstandingof problems. His methodshav_ been i.)henornenally
successful,particularlyfor rrdnorlties:a quarterof thenation'sHlspardcstudentspassingthe advanced-placement
calculusexam coma fromGarfieldHigh. UrlTrelsmanat the Universityof Californiaat Berkeleyandothershave
also foundcollaborativelearningto beparticularsuccessfulfor minoritystudents,(4) Again,thistaps intoSteen's
concepts of communityandconstruction,andhelpsdevelopmore of the skillsdiscussedaboveas cdticalto
developa workforcopreparedforthefuture. (4)

Social and EconomicImoacts_

The problemsof mathandscienceilliteracyandwhateducatorsand otherprofessionalsproposeto do aboutit
are easy to enumerate. What may not bequitesoobviousis the potentialimpacton oursocietyand economyif
theseproblemsare not addressed. Hazen andTrefil(2) advocatescientificliteracywitha three-pronged
argument, First,they assertthat we havea civicduty to understandthe issuesof our timesinorderto make
responsibledecisionsas citizensandvoters. They alsoarguethat we are governedbythe lawsof natureand
science, and that we gain a tremendousappreciationof thenaturalworldarounduswhen we understandhowit
works. Rnally, they notethat theintellectualclimateatvadoustimesin historyhas been shapedbythe scientific
findingsof the time. In fact,scientificfindingsina givenperiodmaybe hinderedby a publicwithoutthe
knowledgebase and skillsto evaluatelhe importanceof intellectualdevelopmentsof the tin'ms.Consequently,a
scientificallyliteratepublicis crucialto supportingfuturetechnologicaldevelopments.

LikeHazen and Trefil, Paulosarguesthatmathematicalliteracyis "essentialto an informedand effective
citizenry." He goeson to assertthat "ashortageof mathematicallytalentedindividualsis alsoa primaryfactorin
the U.S.'s decliningworldpositionin manynew scientifictechnologies."(4)

The importanceof a workforcethat hasthe abilityto reasonandapplycreativesolutionsto problemsin the work
place has alreadybeen discussed. In a competitive,rapidlychangingglobaleconomy,specificfunctionalskills
willquicklybecome obsolete,and employerswillvalue highlythe broaderskillsincriticalthinkingand creative
problemsolving. A countrywhoseworkforcelackstheseskillscannothopeto competeand maintainan
economicadvantagein the globaleconomy.

All these positiveapproachesto the problemsin mathand scienceeducationareencouraging,but thescopeof
the problemsrelatedto mathandscienceilliteracyis formidable. It may be yearsbeforewe see resultsfromthe
manyprogramscreated to addresstheproblems. Moreimportantly,findingfundingto sustainthe current
revolutionarytrendswill be a challenge. Itwouldbe infinitelymore costeffectiveto ensurethat childrenare well-
educatedfromthe start, insteadofpouringbillionsof dollarsintoremedialeducationafterthe systemhas failed.
Government,corporateAmerica,andthegeneralpublicmustbe convincedthat to sustainits toprankin the
globaleconomy,the United Statesmustproducea workforcepreparedto face thechallengesof the 21st century.
They mustapplylong-termstrategicplanningto establishpriorities,and direct resourcesto achievethose
pdodtles,to create a first-rateeducationsystem. Individualcitizens,who may play multiplerolesas parents,
teachers,students,and professionals,mustmake a commitmentto literacyin mathand scienceto helpdispel
stereotypesandcapitalizeon the strengthsof allthe membersof ourwork force. In summary,significantchange_
willbe needed in many arenas- inthe classroom,ingovernment,and in socialattitudes-- to addressmathand
scienceilliteracyat its roots.
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