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Abstract

In recent years, the Internet has increasingly lused to provide significant resources for studet¢arn mathematics
and to learn about mathematics, as well as sigmficesources for teachers to support these. Bféeatcess to and
use of these has been hampered in practice byetinfacilities in schools and the limited experierafemany

mathematics teachers with the Internet for mathigadapurposes. This paper offers models for undedihg the

effective use of Internet resources, based on tgpes of resources for learning and teaching madliesa Six

categories of Internet resources for mathematiodestt use are identified: (i) Interactive resourd@y Reading

interesting materials; (iii) Reference informatiofiy) Communication; (v) Problem solving; and (WYebquests.
Similarly, five categories of Internet resources filathematics teacher use are identified: (i) Legs@paration; (ii)

Official advice and support; (iii) Professional eggment; (iv) Commercial activity and support; &dLocal school

web sites. The paper recognises that web resooarebe used in a range of ways, including supppiisth teaching
and learning. The prospects for sound use of ttezriat are briefly described in terms of these riwdkuse.

I ntroduction

Although the situation is different from one coynto the next, the Internet has continued to mssignificance across
the developed world, with the mounting prosperityhe last two decades and with the rapidly dentinnfrastructure
costs to individuals and to schools of having reabte access. In this paper, we consider someeofvetys in which

the Internet has been harnessed to date for usatimlematics education, in order to construct a inoida productive

relationship.

The Internet has the potential to support theniegrof students and the teaching of teachershamtsthe problem
addressed by this paper concerns the productivefude Internet for mathematics education: how saments and
teachers best exploit the potential of the Inteimétieir respective roles in learning and teaching
Description of the model
The Internet has provided previously undreamt afsgailities for connections within mathematics eatian, both for
students and for their teachers, now part of aalised world. It is appropriate to consider thentvaictivities of
teaching and learning separately for the purpo$asnderstanding the significance of the Internet fathematics
education. Accordingly, the model described in {per begins by separately identifying the kinflsmgportunities
potentially afforded by the Internet for studentsl deachers. These are different because the oblstidents and
teachers are different. The paper then proceederisider some of the connections between thesedafioes as well
as some of the constraints on their implementatigractice.

The Internet for students

A recent paper (Kissane, 2009b) described in sostailch typology of ways in which the Internet ntidgie a useful
learning resource for students. Six categoriesntdrhet resources were described briefly and exesngiven from
within most categories. The companion website @igs 2009a) provides links to many examples, anthistained to
take advantage of new opportunities that becomdad@. In this paper, it is appropriate to deseriach of the
categories quite briefly.

The first category involves the use of interactiesources, taking advantage of the possibilitgedigning web
objects that students can manipulate directly,qusoftware platforms such as Java and Flash. Vinaaipulatives are
one example of such a resource. Within this catiedbere is an increasing number of well-designedienials intended
for direct student use, across a wide range ofestiudges and levels of sophistication. Some ofethesch as the
National Library of Virtual Manipulatives (Utah $¢aUniversity, 2009) in the USA, comprise largelections that are
well organised, with adequate online help to malesrt independently accessible by students.

The second category involves the provision of twehile reading materials for students. In many winstances,
students seem to have access to a remarkably ahierof contemporary materials regarding mathemaitic part
because such materials are not routinely availabheany homes and even many school libraries. @€igs2009c). A
range of recent and well-written materials in vasdorms has been produced over recent years [ways for an
audience of students), some of which have becoresaible to students through the Internet.

The third category of materials involves referemtaterials of various kinds, such as dictionar@s;yclopedias
and databases of mathematically related mate@ise again, it is rare for either homes or schtmlgrovide good
reference information that is mathematically infative for students, in stark contrast to the weaftsuch materials
now available on the Internet.

A fourth category of materials is concerned witimenunication among students and others. The Irt@nowides
mathematics students with an opportunity to comeairi with other students and, unlike the use ofileh@es not
require students to know each other beforehanthisncontext, the emphasis is of course on comnatinics related to
mathematics, not personal communications, althaarhmunications between people necessarily are par$o an
extent. Communications typically are concerned witiderstanding mathematical concepts or solvinghemaatical
problems. Similarly, the web can be used to congetents with teachers (or virtual teachers), ameg to respond to
their questions or provide advice and feedback earieg mathematics.
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The use of the Internet for problem solving présenfifth category of learning opportunity for daints. Some web
sites offer regular problems and puzzles for sttelehdifferent levels of sophistication, as wedladvice and hints on
solving them (and guides for teachers). While felio®l environments or school curricula are beréfpmblem-
solving opportunities, the Internet can provideeawironment for problem solving that has some niisty different
characteristics than those available through a bafokroblems, including the opportunity for soluts by other
students to be presented and discussed in a wturid.

Finally, the Internet can be used to provide stiglevith structured explorations of situations ohthematical
interest in the form of webquests. These geneeatyconstructed (by teachers) to support a grogpudents tackling a
task that has a mathematical flavour and which tisesveb as a source of real data relevant tottlteests’ context, as
well as a stimulus to work together with a teantattkle a contemporary problem that is connectet miathematics.

Although these categories are presented here dheyf are mutually exclusive, in practice some rimté
opportunities for students involve more than onéheke at once, such as a website that engagenttud exploratory
activity, using a virtual manipulative, motivatingork on a suitable mathematical problem. Howeweis argued that
the categories each offer distinctively differemiportunities to support and encourage student ilegyras well as
fostering interest in mathematics; these oppoiesivere not readily available prior to the devetept of the Internet.

In terms of addressing the central problem addreby this paper, it is suggested that this typplaptures the key
opportunities for learning afforded by the Intefraatd that there is an already large, and incrgasuwllection of good
examples of most of these. While no classificatibthis kind will allow each potentially useful wedite to be located
in one category and not another, a model for liteuse ought sensibly recognise that quite diffieiéends of
opportunities are available: that the Internetiéarners is a multi-dimensional object.

The Internet for teachers

While many of the Internet sites that are relevarstudents are also likely to be of interest tahmeenatics teachers, the
Internet provides further and different opportwgstifor teachers. In this section, these are bridéntified and a first
attempt at a typology presented for discussion.elsite (Kissane, 2009d) supports the developmethismodel with
online examples. The order of the various categ@ieposed is not intended to be interpreted asimgfal.

One category of mathematics teacher use conceressing direct lesson materials or ideas. Of epurany web
sites might suggest ideas to teachers for lessndsckassroom tasks: such is the nature of the ofafeaching.
However, some websites offer detailed collectiohiesson plans for mathematics teachers, usuallyenrby teachers
themselves, sharing their more successful lessdtis athers; the AustraliamMaths 300 collection (Curriculum
Corporation, 2009) is a good example of a subsorighased provision of this kind. While some lessoliections are
too strongly related to local curricula and corgekb be very useful to teachers elsewhere, theseirmvitable
differences in teaching styles and there are varstandards of quality assurance used before gosrch lesson
collections can offer helpful and practical advicg¢eachers. In a similar vein, some sites havadeed recently on the
provision and sharing of teaching materials (sushsaftware files) for new technologies such as rauve
whiteboards; two good examples include the sitenta@ed by an Australian teacher (Boggs, 2009)taadexcellent
subscription site maintained by Keele Universigffsin the UK (Miller, 2009).

A second category of use for teachers concerigaf€ommunications regarding the curriculum og tiovernance
of education within their environment. At least liit Australia, but also elsewhere in the developedd, the Internet
is increasingly being harnessed by authorities ravide both guidance and support for teachers uakiaeg their
mandatory roles. This use of the Internet has ar @dedvantage over previous mechanisms for doingssitasks: that
materials can be readily updated and correctethatathe most useful advice for teachers can beeraadilable very
quickly. A possibly unexpected advantage of thimnseof supporting teachers is that the informasieailable in one
jurisdiction (such as in one of the states in Aalgror Germany, or one of the countries in Asi) be efficiently and
quickly accessed by those who reside elsewheréoidth this has not been the intention of the dgreénts, it has
certainly been a useful by-product, permitting gageias for teachers or good ideas for curriculuwetipers to be
rapidly shared. A disadvantage of this categorynédrmation dissemination is that the burden—anel tlbsts—of
printing are passed from authorities to schoolsiadividuals, which is sometimes quite problema#io. alternative of
course involves reading materials online, althoongimy do not find this satisfactory, for a rangeeafsons.

A third category of Internet use for teachers ewns professional engagement. Over the past devalimtary
professional associations of mathematics teaclans imcreasingly come to rely on their Internegsiio communicate
effectively and helpfully among an organisationd amore widely to the entire community. Thus, nagioassociations
such as the Australian Association of Mathematieachers (AAMT), the National Council of Teachers of
Mathematics in the USA, the Association of Teaclwrslathematics in the UK and similar bodies inestieountries
have developed strong web presences to supporieiyaf functions that were previously neglectechandled with
great difficulty. An example of this is the usetbé AAMT website (AAMT, 2009) to provide a mechanigor the
development of policy responses to official docuteesuch as, in the case of Australia recently, dbeelopments
towards a national curriculum for mathematics. Ptiothe accessibility of the Internet, it was difficult in practice
for such organisations to democratically seek adfiom a wide membership. While it is still diffituas professional
people are usually very busy, the constraints oéss have been lifted so that a genuinely colldlveraffort at policy
development is possible. Professional websitesesarmumber of other purposes as well; in the cAsheoAAMT
website, a lively email list regularly allows pref#onals to connect together to discuss issudseoflay in a collegial
manner with colleagues from around the countryhquofessional collaboration was simply not possilgeneration
ago. As well as (voluntary) professional associejaecent years have seen the development andemaite of large
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web sites intended to support the work of teacherprofessionals in a range of ways. Two exceptiexamples of
this are the Math Forum in the USA (Drexel UniversR2009) and the government-sponsored Nationaln€ibdor
Excellence in Teaching Mathematics (2009) in the, With an interestindMathemapedidor teachers, among other
forms of professional support and collaboration.

A fourth category of Internet use for teachersocawns websites that have a commercial elementstiiebffer
opportunities for teachers that were previouslyc@essible. This category does not include sitesse/bole purpose is
to provide opportunities for teachers to buy goodservices (as these are strictly commercial ;sites educational
sites), but rather includes a range of sites tfffar significant support of various kinds to a msdional client base.
One example of this is thdéotMaths(2009) site in Australia, which offers significamirriculum materials for students,
providing a school purchases a subscription thatsggihem access. While subscription websites niglgeen solely as
commercial exercises (and, indeed, in some casgsectly so), in other cases, the subscriptionsedhiare used
essentially to fund development of suitable innimeatearning materials, for which developmentaltsaae generally
very high. An excellent example is tMaths 300website in Australia (Curriculum Corporation, 200&hich offers
detailed advice for teachers regarding a largeo6atnovative mathematics lessons, together witfeoprofessional
materials and professional developmental help,igeava school subscription has been purchased h&neixample of
commercially connected Internet use comes from eonigs marketing computer software, computer harelwar
(including interactive whiteboards) or calculatd®gveral sites offer significant support for teashgsing, or planning
to use, the technology involved, in the form of dastration software, activities to use with studerdccess to
technical advice and help, upgrading of equipmeansaftware and information about communities ofrssand
opportunities for local professional developmemt. d similar vein, many school textbook publishemwvnoffer
privileged access to materials developed and stomgtie web to support their text materials. Whdene of this sort of
activity is doubtless part of the promotional aityivof the publishers, in order to capture or netaimarket with the lure
of extra materials, it also offers students opputies to learn that were not previously availalbdegeted to a particular
set of curriculum materials; without doubt, thisahelps their teachers as well.

A fifth category of teacher use of the Internena@rns local use within a school or a school distthcreasingly in
developed countries with high (and rapidly incregginternet access, the possibility of teachensgua school Internet
site for teaching purposes has become real, asdjoificance. With some expertise and local supgedchers can use
their own websites, or the school website, in otdepost lesson materials for students and to engaglents within
the community of the classroom. In some casesfaitily rare, more structured learning managenssistems (such as
WebCTandBlackBoard are used to focus instruction, although this @ecommon in universities and colleges than it
is in schools, which, by their nature, have stuslé@mfull-time attendance during childhood and adoént years.

To return again to the central problem addressethis paper, it is clear that there are many opmities for
supporting the work of teachers via the Internet.fér the case of students, the proposed categarighés model do
not provide mutually exclusive sets of opportusitias several websites might be fairly describelde$sing in more
than one way. The model also helps clarify the dempraft of teaching, especially teaching in therty-first
century. As well as engaging in what many outsidigcation regard as the only role of teachers, dhaesigning and
executing worthwhile activities for the pupils ineir immediate classroom, teachers are simultahe@mgaged in
other activities as well. These other things inelwebrking within an official regulatory environmeisometimes with
high public visibility. They also include workingith others as an active professional, collaboratigigpendently with
like-minded professionals, as well as keeping ugat@ with recent publishing and technology charagesdirections.
Even teaching itself has changed a good deal iragfeeof the Internet, with teachers expected, melytiso in some
cases, to develop new skills to handle construciod maintenance of school websites and operatainwihe
constraints of a learning management system.

Connecting teaching and lear ning

The two models for students and teachers on thegniet are presented here as if they are distindiadt, of course,
teachers are themselves interested in both maget® a key role of the teacher is to frame theesgpce of students,
and it is now important that teachers have a sefigéhat the Internet offers to students, and whutkhose offerings
are worthy of attention in a particular contexteTielationship is not, of course, reciprocal: shideare for the most
part disinterested in what the Internet has tordffeir teacher.

The connection is even stronger than that, howeMae teacher in search of lessons is likely to enage of the
same websites that are helpful for students legriimleed, it is usually through the teacher beogn@ware of the
websites, evaluating their potential benefits falass and using them in some way, that studertsféered access to
them. This access might take a number of formsjinanfrom advice to use a particular website fomeagpurpose,
using a website for a classroom activity of somedkimaking links to relevant websites on a schoeb wage,
including a website in a webquest designed by daeher or even assigning homework to students basethd a
particular website (in the circumstance where gomighe access to the Internet is assured).

The categories of Internet use that relate toesttegdaccessing the Internet for information orré@ding interesting
materials are also of relevance to the teachenoted earlier, many of these are in fact desigoed fwide audience,
which certainly includes professional mathematezachers. Many mathematics teachers have repofftaunadly and
favourably to the author about the excellent materof interest to them as mathematically educatecple (not
necessarily in their role of teacher) in these tategories. Indeed, some of the material is writberthis audience.
Description of the model success
The models offered in this paper are theoreticalel®) designed to provide a sense of perspectiwehan the Internet
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might offer mathematics education. As such, theyehaot yet been subject to formal testing or vaiag although
they reflect a good deal of the author’s experieincasing the Internet from the perspectives ofhbigtaching and
learning. For some years now, the author has niae@daa website (Kissane, 2009b) with annotatedslittk good
examples of Internet sites for school students (dngdr teachers or prospective teachers). Work watdichers in
contexts of professional development and with sttitkachers suggests that the categories suggdstady distinctly
different and important kinds of use of the Inteéroe students. It is clear, too, that the detaggdmples of websites in
these categories are recognised by teachers, kp#rienced and less experienced, as plausiblyecklat effective

Internet use.

Transfer of the model to different environments

By its nature, the Internet has a measure of pitittabcross environments, although of course iifficult for this to

occur across linguistic divides. Successful usthefinternet by either students or teachers depaigd®d deal on local

circumstances, including especially the ease whitwinternet access is available to studentscta@ and at home)
and to teachers (inside and outside their classshoBxcellent overviews of the range of ways inchkheffective use
can be handled are provided by Alejandre (2005) @atindo (2005), both of whom recognise the indiliy of
constraints on good practice and offer helpful wafysorking around them.

It is clear that effective use of the Internemathematics education brings new professional ddméor teachers.
Although it is clear that mathematics education lbarsupported, informed, improved and inspiredubhoappropriate
use of the Internet, achieving these aspirationkidites high expectations for support of teachégsificant resource
needs in schools and a need for new paradigms dtr teaching and learning to be developed. In tést lof
circumstances, the prospects for harnessing theniet to improving mathematics education are ayrgadmising,
although in practice the circumstances are stilldlaort of optimal in many classrooms in developed affluent
countries.
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