The Internet and K-12 ReformProc. INET ’95D. Thomas and S. StevensonThe Internet and K-12 Mathematics and Science ReformDavid A. Thomas <dave@mathfs.math.montana.edu>Stephanie Stevenson <stevens@mail.firn.edu>AbstractCurrent efforts to improve United States K-12mathematics and science education include the use ofa variety of high performance computing andcommunication technologies. This paper examinesthe background, current status, and direction of thistrend.1IntroductionWithin a few years, global economics, politics,and technologies will become as important to ourindividual and collective lives as local economies,politics, and technologies. The slogan "ThinkGlobal ... Act Local" will become as universal asCoca Cola and MS-DOS. In response to these andother changes in society, formal education willexperience a metamorphosis. We will build a globalschoolhouse. Since imagining a global schoolhouseis the first step in building it, teachers, students,parents, and interested citizens everywhere need torise to the challenge of reinventing education.Dream with us a moment as we step into anintermediate school classroom that has integrated thebest practices of the old and new educationalparadigms. As you walk into the room, students areactively engaged in a variety of learning centers.The teacher is available to answer questions, topromote inquiry, to summarize and synthesize ideas,and to lead. All teachers in this school arethemselves life long learners who love sharing theadventure and rewards of learning with others. Todaythe students are learning about weather. Let’s walkaround to see what is going on.At one station, students are using CU-SeeMeDesktop Videoconferencing from Cornell University<http://magneto.csc.ncsu.edu/ Multimedia/CU-SeeMe/cuseeme.html> to speak with a FloridaExplores <http://thunder.met.fsu.edu/explores/explorestext.html> meteorologist. She is helpingthe students set up a closed environmental system(terrarium) that models the Earth’s atmosphere. Shewill use the model and the scientific method to guidethe students through an investigation of the watercycle. Another group of students has gone to themedia center to gather books and articles from theautomated library system and CD-ROM referencematerials explaining how to build their own weatherinstruments.At the weather satellite receiving station,incoming, real-time satellite images of hurricanes,tropical storms, and large weather fronts areconverted from analog to digital form andinvestigated using image display and analysissoftware. Used with Blue-Skies <http://cirrus.sprl.umich.edu/Weather_Underground.html>, aninteractive program for browsing, viewing andreporting dynamic weather information in graphicand text format , these images help students tounderstand and make predictions of future weatherevents.At another station, local weather observations andmeasurements gathered by students in ground-truthing experiments are compared to satelliteimages. Today, students are collecting data from theweather instruments on their indoor/outdoor weatherstation and recording it in their project journals. Thejournals contain their observations, data, graphs,hypotheses, conclusions, and final reports. In theirjournals, we see a seamless integration of science,mathematics, geography, language arts, andcomputer technology. In their faces, we see thefuture.We stop to talk with some students about whatthey are learning. They speak excitedly about thenew friends they hope to make as they share theirdata and ideas with students, teachers, and scientistsaround the world. For instance, they will soon takean "electronic field trip" to Antarctica with NASAscientists. On the "trip", they will learn about theozone hole over Antarctica and its relationship toglobal ozone fluctuations. Their world is bothsmaller and more personal than that of their parents.They are becoming citizens of their community,their nation, and their world.Another group of students takes your hand toshow you their new "game." CliMoMan <http://nebbs.nersc.gov/ climate/climoman.html> acts as ainterface to the Oregon State University climatemodel simulator running on the NationalEducational Supercomputer at Lawrence LivermoreNational Laboratory. Using CliMoMan, studentsmanipulate parameters that are known to have someinfluence on the development of weather and observethe consequences in the model.As you reflect on what you see happening, yourealize these students are being transformed intoyoung scientific researchers as they apply theirnewly developed skills. They have already made themost important discovery of all, that learning is anexciting life long adventure.Thinking about the global schoolhouse in aninstitutional sense is much more difficult thanconsidering the exciting technologies available forthe study of weather. How much of the localschoolhouse should we carry into the globalschoolhouse? As students begin to sense their

The Internet and K-12 ReformProc. INET ’95D. Thomas and S. Stevensonrights, responsibilities, and opportunities asindividuals, will they also commit their talents andenergies to building strong local, national, andglobal communities? What roles should formaleducation play in promoting and supporting life-longlearning for all citizens?2The Local SchoolhouseAround 1920, a young Georgian emigrant namedGeorge Papashvily stepped onto American soil forthe first time and walked directly to the employmentoffice, confident that he was ready for life in the newworld. When the clerk asked what he could do,Papashvily [1] replied "I am a worker in decorativeleathers particularly specializing in the ornamentingof crop handles according to traditional designs.""My God!" the man said. "This is the USA. Nohorses. Automobiles. What else can you do?"Papashvily was not deterred. His father hadapprenticed him in a second trade as precautionagainst just such a circumstance. "I am also a swordmaker. Short blades or long; daggers with orwithout chasing; hunting knives, plain orornamented; tempering, fitting, pointing -". "MyGod! A crop maker. A sword pointer." exclaimedthe clerk. Shortly thereafter, Papashvily began hiscareer in America as a dish washer. Hisautobiography, Anything Can Happen, is hilarious.His life was hard.This year, millions of young men and womenwill enter the work force with skills as irrelevant andoutdated as George Papashvily’s were in 1920. Asmuch as we may sympathize with these youngpeople, there are larger issues at stake than theirindividual futures, issues that threaten the stabilityand prosperity of entire nations. In a globaleconomy, the most critical factors determining thesuccess of any venture will be talent, informationand capital. Corporations lacking the necessary talentat every level of their organization will not be ableto compete. Nations lacking competitivecorporations will not grow economically. At thesame time, meaningful public discourse on theenvironment, natural resources, community andeconomic development, health care, and educationcannot take place if the electorate is incapable ofunderstanding the arguments. More than ever before,every citizen needs to be mathematically andscientifically literate and technologically competent.3A Nation at RiskIn 1983, Terril Bell, United States Secretary ofEducation, stated:Our nation is at risk. Our once unchallengedpreeminence in commerce, industry, science andtechnological innovation is being overtaken bycompetitors throughout the world ... Theeducational foundations of our society arepresently being eroded by a rising tide ofmediocrity that threatens our very future as anation and a people [2].Secretary Bell’s concern was well founded. A seriesof international comparisons of educationalachievement [3] - [6] made it clear that United Statesstudents were at best average when compared to thestudents of other industrialized nations. Whilestudents in other countries were learning to applymathematics in a variety of contexts, United Statesstudents continued to labor over 19th centuryshopkeeper mathematics, paper and pencilarithmetic. Not surprisingly, the older students got,the less they regarded mathematics as intrinsicallyinteresting or potentially useful. As a result, fewstudents continued their study of mathematics pastthe minimum required for high school graduation.Fewer still were prepared for college levelmathematics. Two reports were particularlyinfluential in describing this problem and instimulating a systematic response from themathematics education community, TheMathematics Report Card: Are We Measuring Up?[7] and Everybody Counts: A Report Card to theNation on the Future of Mathematics Education [8]. In 1989 the National Council of Teachers ofMathematics (NCTM) published its Curriculum andEvaluation Standards for School Mathematics [9],the first comprehensive response to the challengesleveled at K-12 mathematics education. TheStandards and subsequent NCTM publicationsredefine the objectives of school mathematics,teaching and assessment practices, and the role ofstudents in mathematics classrooms. The centralthrusts of these changes are to connect the variouscomponents of school mathematics to one another,to other disciplines, and to the real world in order tomake the student an active participant in his or hermathematics education. As in all paradigm shifts,full implementation of these changes will take years;but meaningful progress is being made at thenational, state, and local levels to explain thechanges to students, teachers, and parents as well asto develop on-going professional developmentopportunities for mathematics teachers.The situation with regard to science education iscomparable. According to the United StatesDepartment of Education, only seven percent of highschool seniors are prepared for college-level sciencecourses [10]. One doesn’t need to look far forexplanations. In the 1990-1991 InternationalAssessment of Educational Progress study, UnitedStates thirteen-year-olds scored thirteenth out offifteen countries in science achievement, but placedfirst in the amount of TV watched each day [11]. Inthe United States, there is a pervasive attitude thatscience is a difficult, somewhat esoteric, andimpractical area of study, pursued by an elite with anatural gift for it [12]. This idea is a cultural andeconomic time bomb ticking in our society. Thetime has come for education in the United States tomake the transition from the 1890s objective ofscience for some in some grades to the 1990s goal of

The Internet and K-12 ReformProc. INET ’95D. Thomas and S. Stevensonscience for all in all grades [13].With a $4 million grant from the NationalScience Foundation, the National Science TeachersAssociation (NSTA) is developing and testing asystematic response to these problems in its Scope,Sequence, and Coordination (SS&C) reform project[14]. In the SS&C project, each of the four basicscience subjects -- biology, chemistry, physics, andearth/space science -- is taught every year. Byemphasizing the scientific process and utilizingmodern scientific technologies, this project seeks tomotivate students to continue their science educationthrough high school and college.Working together, NSF, NCTM, NSTA,colleges and universities, state offices of publicinstruction, and other organizations and agencieshave forged powerful new partnerships to address thecrisis in mathematics and science education. Realprogress is being made. Unfortunately, the positiveresults obtained so far have touched only a smallportion of the teaching profession and their students.Serious attempts to scale these improvements fromthe project level to systemic reform await thedevelopment of an implementation strategy that willnot be frustrated by layers of state and localgovernment, the educational bureaucracy, or itscharacteristic financial limitations. The NationalInfrastructure for Education (NIE) Program of theNSF is the first step in the development of atechnological and human infrastructure capable ofdeveloping and delivering mathematics and scienceeducation reform materials and training at a systemiclevel.4The National Infrastructure forEducation"The NIE Program aims to hasten thedevelopment of a widespread high performanceelectronic communications infrastructure in supportof science, mathematics, engineering and technology(SMET) education reform, and to help lay afoundation on which strategies for the appropriateuse of technology in support of increased studentachievement can be developed. NIE’s goal is tobuild synergy between technology and educationresearchers, developers and implementers so they canexplore networking costs and benefits, test self-sustaining strategies, and develop a flexibleeducational networking infrastructure that will beinstrumental in the dissemination, integration andapplication of technologies to speed the pace ofeducational innovation and reform" [15].In 1994, NIE grants for planning (see Table 1),multi-year projects (see Table 2), policy studies (seeTable 3), and supplements to existing projects(see Table 4) totaled $13.8 million. These awardsreflect the breadth of approach taken by the NIE infostering a K-12 telecommunications infrastructure.Table 1: Planning GrantsWilliam Beldham, PA$98,165Thomas Clark, ME$96,248William Coberly, OK$99,776Norman Dodl, VA$99,824Pamela Keating, AK$101,343James Laffey, MO$96,020William Lamb, OR$99,924Kam Matray, CA$112,000Shirley McBay,FL, GA, IL, MD, NY,VA$100,000John Shacklett, CA$91,690Josef Stagg, WI$93,136David Thomas, MT$105,807Frank Watson, VT$99,000Michael Williamson,MA $86,395Judith Yoho, PA$50,000Planning for RegionalTechnology InitiativeDiscovering CommunityNetworksMetropolitan Tulsa EducationNetworkPlanning for Virtual Schoolsin Electronic VillagesComing into the Country:Pioneering K-12 InternetAccess Across Alaska’sInteriorPlanning Grant for theDevelopment of NIE Most(Missouri SupportingTeachers) Electronic SupportSystem to Promote Problem-Based Learning Using aComputational ScienceDeveloping Oregon’sTechnical, Human andOrganizational NetworkingInfrastructure for Science andMathematics EducationThe Ultimate Electronic FieldTrip ... from abyss toAndromedaExpressway to QualityMathematics and ScienceEducation for Low IncomeMinority CommunitiesMorse High School (SanDiego) NIE Planning GrantThe Virtual Community: ATelecommunicationModel for the Inner CityDevelopment of a RuralNetworking Infrastructurein Support of SystemicChange in Mathematicsand Science Education: TheNetwork Montana ProjectVermont Technology AllianceWhaleNet - InterdisciplinaryCurriculumKeystone CommunityNetwork

The Internet and K-12 ReformProc. INET ’95D. Thomas and S. StevensonTable 2: Multi-year ProjectsAnn Billings, ME$927,800Alan Feldman, MA$2,835,229Edward Friedman, NJ$2,901,234Carrie Heeter, MI$461,568Paul Helfrich, PA$3,511,089Martin Huntley, MA$2,231,881David Lassner, HI$2,152,673Bernie Manning, PA$3,170,565Roy Pea, IL$3,539,105Philip Sadler, MA$1,312,897A Community of LearnersNetworkEnabling WidespreadTelecollaborationNIE Testbed Within theContext of StatewideSystemic Reform in MSTEducationA Digital Learning Center forMicrobial Ecology for K-12EducationThe Science Learning NetworkToward UniversalParticipation in the NII -Phase II of the NationalSchool Network TestbedHERN - Hawaii Educationaland Regional NetworkCommon Knowledge:Pittsburgh - Creating anUrban Research LaboratoryThe CoVis Testbed: ANational Science EducationCollaboration.Micro Observatory NetTable 3: Policy StudiesVictor Bunderson, UT$49,728Robert Kozma, CA$99,986Karen Buller, NM$96,069Charles Warlick, TX$218,315Charles McClure, NY$102,529Differentiated Staffing inGlobal Village LearningCommunitiesA Community Learns OnLine: Planning Activitiesto Explore the Use ofInteractive Cable forEducationElectronic Pathways Alliance:A Native American ThinkTankRole of State Networks inEducational ReformPolicy Issues in Assessing theRole of Public Libraries in theNIITable 4: Supplements to Existing AwardsJack Buchanan, TN$263,304Kerry Davidson, LA$564,000Wallace Feurzeig, MA$523,000Gerhard Fischer, CO$374,907Louis Gomez, IL$301,858John Klensin, MA$63,281Robert Panoff, IL$553,157Perry Samson, MI$623,261Michael Staman, IL$152,000Robert Tinker, MA$187,535Memphis EducationalComputer ConnectivityAllianceIntegrating Educational Needswith NetworkingA Distributed Multi-ServerArchitecture for ScalableEducational ApplicationsMastering High FunctionalitySystems by SupportingLearning on DemandAugmenting theCollaborative Visualization(CoVis) NetworkNetwork Start-Up ResourceCenterAn Affiliates-BasedEducational InfrastructureTestbedThe Weather Underground:Application of ComputerTechnology to Science inMichigan Secondary SchoolsNetworking Native Americansand Education FuturesAlice: A CollaborativeInfrastructure supportingEducational Use of NREN -Phase I5The Network Montana ProjectThe Network Montana Project (NMP) planninggrant <http://victor.math.umt.edu/home.htm> isdeveloping an infrastructure that:¥Builds and maintains a state-wide coalition ofpartners from academia, government, and theprivate sector responsible for directing a widevariety of K-16 educational networkingactivities;¥Supports and enhances a number of nationallysignificant systemic mathematics and scienceeducation reform projects;¥Integrates multimedia network-based materialsand delivery systems into mathematics andscience instruction to enhance access andusability of many scientific resources;¥Investigates adaptations of educational andinformational telecommunications required toserve populations with special needs includingthose that may be visually or hearing impaired; ¥Develops a workable community networkingmodel that is feasible in a low population

The Internet and K-12 ReformProc. INET ’95D. Thomas and S. Stevensondensity environment, promoting teleliteracy forrural citizens to enhance their involvement withlifelong learning, entrepreneurship andlocal/state governance.The technological and human infrastructure of theNetwork Montana Project will:¥Create a variety of on-line forums (listservs,conferencing tools, and so on) where teachers,librarians, school administrators, researchers,government officials, and leaders in the privatesector meet to exchange information, identifyopportunities, develop proposals, and solveproblems. NMP will conduct on-going researchand development activities on the structure andsupport of these forums and their contributionsto the reform of mathematics and scienceeducation, to the development of communitynetworking, to populations with special needs,and to general public awareness of NMP andK-16 networking.¥Work with systemic reform projects in Montanaon the development of guidelines for email use.NMP will develop and test a variety of modelsfor steering participants to appropriate points ofcontact and for handling routine correspondence.¥Develop and deliver on-site and distance learningcourses for participating teachers, librarians,administrators, and students.¥Identify, develop, test, and disseminate curricularmaterials that make use of modern multi-mediatechnologies, information and computationalresources available on the Internet, remotementors, and models of cooperative andcollaborative teaching and learning involvingthe use of Internet communications.¥Create on-line information resources, CD-ROMs, and print materials focused on variousaspects of the NMP agenda.¥Maintain a help-line service for servicing NMPpartners.The Network Montana Project will generate newknowledge about the development and use ofeducational networks in rural settings and the valueof high performance computing and communicationin K-16 mathematics and science education. Theprincipal findings and products of NMP research willbe published on WWW information servers createdfor this purpose.6From Home Room to Home Page:Current Events in K-12 HPCCNew WWW sites spring into existence every dayas professional organizations, educationalinstitutions, governmental agencies, and researchinstitutes hoist their flags in cyberspace. Ofparticular importance to K-12 mathematics andscience teachers are WWW sites that disseminatecritical professional information, provide access topowerful computing resources, offer on-goingprofessional development opportunities, andfacilitate reform efforts through collaborativeprograms and projects. The following sites illustratethe variety of offerings currently available to K-12mathematics and science teachers.Meeting Places and Information Marts¥Hotlist of K-12 Internet School Sites <http://toons.cc.ndsu.nodak.edu/~sackmann/k12.html>points to a number of K-12 schools with WWWhome pages.¥Geometry Forum <http://forum.swarthmore.edu/> is an electronic community focused on theteaching and learning of geometry. Located atSwarthmore College and funded by the NationalScience Foundation, The Geometry Forum usesa variety of Question-Answer formats toencourage teachers and students to exploregeometrical ideas. On-line software archives,research papers, and curricular materials plusweekend and summer workshops provideteachers with valuable information andprofessional growth opportunities.¥Geometry Center <http://www.geom.edu> atthe University of Minnesota provides access to avariety of high performance mathematicalmodeling tools that run interactively throughWeb browsers.¥Joint Education Initiative <http://jei.umd.edu/jei/jei.html> is funded by NSF and located atthe University of Maryland, College Park. JEIoffers image processing workshops for teachers,a newsletter, CD-ROM sets created bycooperating scientists and K-12 teachers, and on-line databases oriented to remote sensing and theearth sciences in K-12 education.¥Cornell Theory Center Math and ScienceGateway <http://www.tc.cornell.edu:80/Edu/MathSciGateway/> provides a wide range ofeducational services including links to resourcesin mathematics and science for educators andstudents in grades 9-12¥NCSA Education Program Home Page <http://www.ncsa.uiuc.edu/Edu/EduHome.html> pointsto mathematics and science educationcomputational and information resources on theInternet and explains how computers andcomputer networks may be used to enhance K-12 education.¥NWREL - Science and Mathematics Education<http://www.nwrel.org/same/samehome.html>is one of the ten regional consortia that are partof the National Network of EisenhowerRegional Consortia and Clearinghouse,sponsored by the United States Department ofEducation.¥AskERIC Virtual Library <http://ericir.syr.edu/> located at Syracuse University issponsored by the United States Department ofEducation. A wide variety of information

The Internet and K-12 ReformProc. INET ’95D. Thomas and S. Stevensonresources including the ERIC database, lessonplans, and information on Newton’s Apple, theDiscovery Channel, and the Learning Channelare available.¥Educational Resources on the Internet<http://sunset.tamu.edu/~dawn/edu.html>¥NASA K-12 Internet Initiative<http://quest.arc.nasa.gov/>¥NASA Spacelink<http://spacelink.msfc.nasa.gov/>¥NASA On-line Educational Resources<http://www.nasa.gov/nasa_online_education.html>Electronic Field Trips¥SeaWiFS: Studying Ocean Color From SpaceProject <http://seawifs.gsfc.nasa.gov/SEAWIFS/LIVING_OCEAN/LIVING_OCEAN.html> includes a Teachers Guide withActivities.¥Views of the Solar System <http://www.c3.lanl.gov/~cjhamil/SolarSystem/homepage.html> is an educational tour of the solar system. Itcontains images and information about the Sun,planets, moons, asteroids, comets andmeteoroids found within the solar system.Statistical information of the planets andsatellites can be browsed through lists sorted byname, radius and distance.¥Live From Antarctica <http://quest.arc.nasa.gov/livefrom/livefrom.html> allows studentsand teachers to ask questions of the scientists inAntarctica and respond to their challengequestions. It also provides links to internationalresearch centers where students can find fullcolor pictures of penguins (127k), and seecomputer images of the ozone hole (80k) fromcurrent data . Live From Antarctica supportsclassroom learning with a Teacher’s Guide.¥Fractal Microscope <http://www.ncsa.uiuc.edu/Edu/Fractal/Fractal_Home.html> is aninteractive tool designed by the Education Groupat the National Center for SupercomputingApplications (NCSA) at the University ofIllinois, Urbana-Champaign for exploring theMandelbrot set and other fractal patterns. Anincreasingly popular topic among high schoolteachers and students, fractal geometry is anatural setting in which to explore therelationship between mathematical concepts andtheir representations in computational systems.Fractal Microscope is used with NCSA imagingtools such as DataScope and Collage.7Integrating Mathematics,Science, and TechnologyTwo years ago David Thomas visited a one-roomelementary school in rural Montana. It was springand a few of the children had horses tied up outside.Inside, he showed the students images of Mars takenby cameras onboard the Viking spacecraft. Brightand inquisitive, the children began asking questionssuch as, "How big is that crater? How long is thatmountain range?" They were surprised whenThomas told them to answer their own questions thesame way a scientist would, by measuring Marswith a scientific visualization tool. Over the nexthour the class took an interest in and gainedownership of their investigation of Mars. Theybecame explorers, first posing questions, thendevising strategies to answer their questions, andfinally interpreting their findings. For thosestudents, seeing was more than believing. It wasmotivation and engagement, insight, satisfaction andpride. They loved being scientists!Following this experience, a formal classroomactivity was drafted and sent to Stephanie Stevensonfor further development. Shortly thereafter, she andher fourth grade drop-out prevention studentsvolunteered to pilot test and revise the activity foruse at the intermediate grade level. Stevensonfocused the lesson by asking her students, "What isthe largest volcano in the solar system?" Thatquestion launched an investigation that integratedskills and concepts from mathematics, science,technology, language arts, and geography. Studentsbegan their search for information in the schoolmedia center’s automated card catalog and the CD-ROM version of Grollier’s Encyclopedia. The searchproduced no answer; but armed with referencebooks, the students returned to the classroom. Theylearned that volcanoes occur along the edges oftectonic plates; they learned there are severaldifferent kinds of volcanoes; and they learned that thelargest volcano on Earth is Mauna Loa in theHawaiian Islands. Still they found no answer to thequestion "What is the largest volcano in the solarsystem?" "Do you think anyone on our modem wouldknow, Mrs. Stevenson?" a student asked. Thestudents sent the question to Kidsphere, an Internetdiscussion forum where educators and students shareinformation and activities (To subscribe to Kidspheresend an email message to kidsphere-request@vms.cis.pitt.edu). Within hours, several scientistsresponded to the students’ question, informing themthat Olympus Mons on Mars is the largest volcanoin our solar system.Stevenson then introduced her students to thescientific visualization tool NIH Image 1.55 [16] anda collection of Mars images taken by the Vikingspacecraft (see Figure 1). Over the next few weeks,Stevenson and her students developed and tested aversion of the activity Measuring Mars: A Visit toOlympus Mons that took into account the academicbackground and interests of fourth grade students.About this time, a draft of a second activity entitledMeasuring Global Sea Surface Temperatures wascompleted. Stevenson and her students againvolunteered to act as partners in the development ofthis activity (see Figure 2).

The Internet and K-12 ReformProc. INET ’95D. Thomas and S. StevensonFigure 1Measuring Mars: A Visit to Olympus MonsFigure 2Measuring Global Sea Surface TemperaturesWe have never seen a technology so appealing tostudents of all ages as scientific visualization.What is more important, we have never used atechnology that evoked such a flood of genuinelyinsightful and thoughtful questions and comments.Students who normally confine their questioningbehavior to clarification issues suddenly start makingconjectures and suggesting possible means forgathering relevant information and testinghypotheses. This use of a powerful visualizationtool, real scientific data sets, and the Internet appearsto appeals to all students, even such students as Mrs.Stevenson’s who have been identified as "at risk."The Measuring Mars and Global Sea SurfaceTemperature activities have been described in anarticle [17] <ftp://mathfs.math.montana. edu/pub/thomas/html/article.html>, and additional materialsare under development. Curriculum products such asthese may be used to link students and teachers toscientific data products published by NASA andother agencies on CD-ROMs and on WWWinformation servers. However, publication is notenough to guarantee usage. Teachers need to betrained to use the technologies effectively.8Teacher Training ProjectsAt the 1995 Secretary’s Conference onEducational Technology <http://www.ed.gov/TechConf/1995/> [18], United States Secretary ofEducation Richard Riley stated, "Schools andstudents have changed significantly in recent years,but teachers are still at the heart of instruction. If,as a nation, we expect to prepare all students for the21st century, we must provide teachers with ongoingopportunities to be the most informed, the mostcapable, and the most inspiring classroom leaderspossible." At the same conference Molly Merry,Colorado’s 1995 Teacher of the Year, asserted that itis critical that teachers spend time throughout theircareers updating their teaching skills and knowledgeof how children learn. Today’s teachers can improvecontinually through ongoing professionaldevelopment that:¥Offers a long-term strategy to improve teachingand learning based on the best available researchand practice in teaching, learning and leadership;¥Focuses on teachers as central to overall schoolreform, yet includes all members of the schoolcommunity;¥Respects and cultivates teachers’ intellectualcapacities and enhances their skills andknowledge in pedagogy, content and leadership;¥Involves teachers in planning and commitsample time and resources for change in theclassroom; and¥Is evaluated by its impact on teachereffectiveness, student learning and leadership,with the school community serving as a guidefor future professional development efforts.Currently, the educational community isexploring various models for developing anddelivering Internet based professional developmentopportunities to K-12 teachers. The authors havesome personal experience with the followingprograms.¥University of South Florida’s Learn From aDistance (LFAD) <gopher://madonna.coedu.usf.edu:70/00/ dlinfo/about> programadministrator, Lara Kiser, states that, "As asociety, we tend to think of the "average"college student as young, single, childless,living on or near campus, and having the benefitof external financial support. This image doesnot reflect the diversified community of collegestudents in the nineteen-nineties. Currently, thecollege population is also composed of workingparents, full-time employees, and commuterswho must drive several hours to attend classes.The educational system must respond to thechanging needs of "real" students by developingalternative methods of delivering instruction.These methods must enhance the studentsability to receive instruction and develop

The Internet and K-12 ReformProc. INET ’95D. Thomas and S. Stevensonprofessionally." The LFAD program isresponding to the needs of today’s adult studentsin several ways. LFAD has been offering fiveor six courses per semester viatelecommunications since the Spring of 1992.LFAD has an average enrollment of 70 studentsper semester and is reaching educators from asfar away as Miami, Pensacola, Daytona, andPuerto Rico. For additional information emaillfad@madonna.coedu.usf.edu.¥The Florida Information Resource Network(FIRN) <http://www.firn.edu/> operated by theFlorida Department of Education electronicallylinks all of Florida’s public education entities tocomputing resources serving public education.Included in this mission is an on-going effort toprovide a variety of professional developmentservices for Florida’s K-12 teachers. The FIRNGopher Server now has a category called "Bestof K-12 on the Internet" in the "Other K-12Educational Resources" section. Teachers maysearch this area for current and upcomingInternet projects and new Hot Topics fordiscussion. FIRN also announces satellite andcable delivered telecourses for K-12 teachersfrom Distance Learning Associates (DLA),Florida Remote Learning Services (FLRS),Florida Public TV, and DiscoveryCommunications (Elementary School,Assignment Discovery, Ready-Set-Learn, andTeacher TV). For additional information, call(904) 487-0911 or email go4adm@mail.firn.edu¥The Mathematics Learning Forum and the BankStreet College of Education offer four on-lineprofessional development courses on NCTM-based mathematics instruction: Talking andWriting Mathematics, Classroom Discourse (K-4), Teaching Probability (5-8), CooperativeLearning: Working in Groups (K-4), andFractions: Exploring Equivalent Forms (5-8).The forums are hosted by a graduate facultymember of Bank Street College and focus on the"how" of mathematics instruction, providingon-going support to teachers as they implementreform in their own classrooms. During eacheight-week forum, teachers engage in on-linediscourse with colleagues as they plan, reviseand implement activities with their students,view videotapes of students and teachers in arange of school settings and discuss topic-relevant readings. Enrollment is limited to tenparticipants. A computer and modem or telnetaccess is required. Courses may be taken forgraduate credit, inservice credit, or personalenrichment. For additional information, call212-807-4207 or email nross@ confer.edc.org¥Montana State University’s National TeacherEnhancement Network Project is developing anddelivering distance learning courses to anationwide audience of K-12 mathematics andscience teachers under a grant from the NationalScience Foundation. Participants log on to theMSU computer network from home or workusing 800 dial-up service or telnet. The Networkprovides teachers with high quality graduatescience and mathematics education courses teamtaught by university faculty and cooperating K-12 mathematics or science teachers. It alsoenhances professional networking nationwidebetween science teachers and active researchscientists. Course topics are selected based oninput from science and mathematics teachers,identified needs from national surveys andreports, and current events taking place inscience and technology. A variety of courses areoffered each semester. Courses alreadydeveloped include Snow Science, Water Quality,Relativity, Images of Earth, Food Safety,Genetics, and Visualization and CommunicationTools for Mathematics and Science Teaching<ftp://mathfs.math.montana.edu/pub/thomas/courses/main.html>, taught by David Thomas.For additional information, call (406) 994-6550or email zxs7001@msu.oscs.montana.edu9ConclusionThe human and technological resources of theInternet cry to be harvested by teachers and studentsof all ages. Providing reliable, affordable access tothose resources will take creative thinking andcommitment on the part of technologists, teachers,parents, and many others. One of the functions ofany scientific conference is to facilitate imaginativediscussion among creative individuals. Teachers intouch with technology can imagine a compellingglobal schoolhouse. Parents and members of theInternet Society can imagine an educational systemspanning the world that offers a life time of learning.Our colleagues and neighbors need to hear what wethink the Internet can mean to teachers and life-longlearners of all ages. We must lead the discussion.The imagining must begin with us. It is time forthe discussion to begin in earnest.References[1]G. & H. Papashvily. Anything Can Happen.New York: Harper & Brothers, 1940.[2]A Nation at Risk: The Imperative forEducational Reform. Washington, DC:National Commission on Excellence inEducation, 1983.[3]National Science Board, Commission onPrecollege Mathematics, Science, andTechnology. Educating Americans for theTwenty-first Century. Washington, DC:National Science Foundation, 1983.[4]J. F. Crosswhite. Second InternationalMathematics Study: Summary Report for theUnited States. Washington. DC: NationalCenter for Educational Statistics, 1985.

The Internet and K-12 ReformProc. INET ’95D. Thomas and S. Stevenson[5]J. F. Crosswhite. Second InternationalMathematics Study: Detailed Report for theUnited States. Champaign. IL: Stipes, 1986.[6]C.C. McKnight. The UnderachievingCurriculum: Assessing U.S. SchoolMathematics from an International Perspective.Champaign. IL: Stipes, 1987.[7]J. Dossey, I.V.S. Mullis, M.M Lundquist andD.L. Chambers. The Mathematics ReportCard: Are We Measuring Up? Princeton, NJ:Educational Testing Service, 1988.[8]National Research Council, Board onMathematical Sciences. Everybody Counts: AReport to the Nation on the Future ofMathematics Education. Washington, DC:National Academy Press, 1989.[9]Working Groups of the Commission onStandards for School Mathematics of theNational Council of Teachers of Mathematics.Curriculum and Evaluation Standards forSchool Mathematics. Reston, VA: NationalCouncil of Teachers of Mathematics, 1989.[10]"In the National Interest: The FederalGovernment in the Reform of K-12 Math andScience Education." Carnegie Commission onScience, Technology, and Government, 1991.[11]"Learning Science." International Assessmentof Educational Progress, 1992.[12] National Committee on Science EducationStandards and Assessment. National ScienceEducation Standards: An Enhanced Sampler.Washington, DC: National Research Council,1993.[13]National Committee on Science EducationStandards and Assessment. National ScienceEducation Standards: An Enhanced Sampler.Washington,DC: National Research Council,1993.[14]National Science Teachers Association. PressRelease. Washington, DC, March 30, 1994.[15]National Infrastructure for Education program.National Science Foundation, 1995.[16]R.W. Rasband. NIH Image 1.55.Washington, DC: National Institutes of Health(available via anonymous ftp fromzippy.nimh.nih.gov), 1994.[17]D.A. Thomas and S. Stevenson. "IntegratedMathematics, Science, and Technology: AnIntroduction to Scientific Visualization."Journal of Computers in Mathematics andScience Teaching, in press.[18]Press release. Secretary’s Conference onEducational Technology: Making It Happen,Washington, DC, March 7 - 9, 1995.Author InformationDavid A. Thomas is an associate professor ofmathematics education in the Department ofMathematical Sciences, Montana State University,Bozeman, MT 59717.Stephanie Stevenson is a teacher at Holley-NavarreIntermediate School, 1936 Navarre School Road,Navarre, FL 32566.