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Abdract: Persond technology refers to hand-hdd devices, small
enoughto beindividudly used by students and yet powerful enoughto
provide various means of suppot for mathematics education. Recent
developments of this kind are briefly described and thar significance
for East Asian mathematics education andysed. A computationd role,
an expeientiad role and an influential role are identified, and the
significance of these for East Asian countiesis explored.

I ntroduction

The last twenty years of the twentieth century and the first few years of the twenty-first
century have seen an expansion of everyday technology throughoutthe world tha very few
people predicted. In both Western and in East Asian counties, for example, computers have
changed from bang devices of interest only to scientists, the military, govenments and large
corporationsto bang devices produced for and marketed to individuds and housholds In
amog all walks of life, tiny microprocessors have become pervasive and in al counties of
the world, many people use high-tech devices on a daly basis, with no lingeing element of
surprise. To give butoneexample, in ailmog all markets and stores in East Asia routine use of
small hand-hdd calculatorsto peform arithmetic is so common tha we nolonge noticeit, an
enomouschangein asingle generation.

So it is hardly surprising tha this third EARCOME identifies technology as one of the
major areas of concern, as did each of the two preceding conferences. Indeed, it is very
unugsid for a conference concerned with mathematics education these days to not have a
significant element concerned with technology, now widdy regaded as a maor source of
curriculum influence. However, it seems a little ironic tha, in the midg of extraordinary
sodetal change towards the use of a wide range of houshold and consumer technologies,
many mathematics classroons, induding many East Asian classroons, appear to be
undfected by technology. Indeed, classrooms seem to be among the few places in some
sodeties where technology for doing mathematicsis hardest to find.

Thisirony is extended by theindudrial redlities: in this pgper, | will use three examples
of persond technology for mathematics, a scientific calculator, a graphics calculator and a
ClassPad 300. All three were designed and produced by an East Asian company (Casio, in
Japan) and all were manufactured in another East Asian county (Ching), all are regarded very
highly by Western mathematics educators such as myself and yet none of these devices
appears to be officially and regularly used in many East Asian classroons. Leung (2001)and
others have observed that East Asian curricula are @ontent oriented and examination drivenO
(p-35), which is no doubtpart of thereason.

This pgper focuses on persond technologies of these kinds because they represent the
mog likely mechanisms for technologies to gain a similar level of significance in school
mathematics to that already evident outside schod in very many other activities. As | argued
a the firss EARCOME (Kissang 1998) a pesond technology such as a calculator is
potentially more important than othe forms of technology because it is more portable
(because of its Size and battery opeaation), and thus more readily accessible to pupils than



other technology alternatives such as the personal computer. Computers cos a great deal
more than devices of these kinds and so it is much hader to have them available on a wide
scale. The portability, affordability and accessibility factors togeher increase the chances tha
technology will be accepted in important assessment, such as externd examinaions opening
the possibility of some consistency of classroom experience, teaching practice and assessment
expectations To what extent are these arguments, advanced at thefirst EARCOME, still valid
now? Have continuing developments of calculators changed thar potentia roles in the
curriculum, asfar as east Asian mathematics education is concerned?

Roles of technology

Many kindsof technology are now available to suppot mathematics education in schools. For
many people, especialy perhaps tho® not in schools, GechnologyOhas come to refer to
computer technology, and connections between technology and education have conjured up
images of computer software and, more recently, Internet use. For example, Li® informal
survey of parentsin Shangha (1998) confirmed such a view. Leung (2001)stressed the high
importance of practice in traditiond East Asian views of learning mathematics, so tha it
would not be surprising if a magjor use of computers was to provide systematic practice of
mathematical skills. In the Wegt, too, this appears to be the main genre of mathematical
software produced for home use, and is al'so popubr with many teachers as well.

In contrast, Kissane (2002)suggested different roles for technology, and especially for
pesond technology such as calculators. Briefly, technology is clamed to have a
computationd role, an experiential role and an influentia role. In thefirst case, mathematical
computations of various kinds are carried out by machine in order to produe results
efficiently and accurately. Secondly, from the point of view of student learning, mathematical
explorationswith technology open new oppotunities to make connections between conaepts.
Theinfluentia role refers to the possibility tha opinionsmay change about which aspects of
mathematics are important enoughto occupy time in the school curriculum, and to be studied
extengvely by students, and which are better handled by careful use of technology.
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Figure 1: Performing exact arithmetic on a scientific calculator

Scientific calculators, available in schools for well over a quater of a century,
exemplify the computationd role well. A scientific calculator can be used to perform many
different kinds of computations and is thus a useful tool for people, such as students, who
need to perform computationsof those kinds For the mog part, scientific calculators seem to
provide students with a reliable mechanism to calculate numerical answers to mathematical
guestions While this is useful in itself, especialy for applicationsof mathematics, access to
scientific calculators means tha students might also be able to give adequae attention to the
mathematical meaning of their work, notonly onthe computationsthemselves. In this respect,
Wong® summary of research studies on Chinese students is especialy relevant: Qn brief,



students tend to identify mathematics by its terminologies and perceive it as a subject of
@al culablesOO(2002,p.223.

As well as numerical computation, recent examples of scientific calculators have
offered a limited repertoire of exad arithmetic and trigononetric calculations such as tha
shown in Figure 1. While such a capability might seem to offer nothing more than
computation, it might be exploited to provoke students to wonde why some results are
obtained. For example, entering! 8 on the calculator produces theresult 2! 2, while entering
I 11 produesonly ! 11. Such observationscould give rise to student exploration and cycles
of predicting and checking results, suppoting some learning about radicals. Similarly,
students may be surprised to find tha sin 59° gives a rounde decimal approximation, while
sin 60° gives! 3/2, and be provoked to seek explanationsof such phenomena

The experiential role for persond technology is represented well by graphics
calculators. Indeed, the distinctive characteristic of graphics calculators that has appeded to
mathematics educators in the West is the possbility of thar use for exploration of
mathematical ideas via multiple means thusproviding new sorts of mathematical experience,
many of which have a creative element. A graphics calculator, while providing computationd
suppot in a similar way to tha provided by a scientific calculator, aso alows students to
expeaiment with mathematical conaepts and relationdhips and to develop connections
between them. Thus for example, fundions can be explored numerically, symbolically and
graphically; data can be anadysed and represented in a range of ways, equéaionscan be solved
numerically and graphically or usng matrices, calculus concepts such as differentiation,
continuity and conveagence can be experienced at first hand; and so on. There are many
examples of these and other kinds of oppotunities in widespread use in the West, such as
thox in Kissane (2003) To illudrate, Figure 2 shows an example of four different ways of
exploring solutionsto an elementary equaion on agraphics calculator.

VI=X"3 VI=X"3-K"2
# vl va
1.35 2.UE03 2.B225 \
1.4 2,794 2.95
1.us EMITE 3. 1025
8625

1.5 3.375  3.25
3.8
-COH[G-PLT

4"’ ISECT H-CAL|
[#=1.4E55712318  ¥=3. 1418390356 [#=1.4E55712318  Y¥=|

Figure 2: Exploring solutionsto the equaion x® = x* + 1 ona graphics cal culator

Thefirst screen in Figure 2 shows atable of values of x* and X% + 1 to help see whether
these two are ever approximately the same, two of the screens show ways of representing the
equaion udng intersections of fundions(there are many ways of doing this), while thefourth
screen shows the results of an iterative search. The graphics calculator provides oppotunities
for students to think creatively about mathematics in ways not previoudy accessible to them,
congstent with one of the two themes of this conference. Kissane (2002) illugrated and
explored these sorts of oppatunities, uang equaionsas a paticular example.

A recent and important development in persond technology is the ClassPad 300
which dramatically extends the capabilities of graphics calculators and provides substantial
oppotunities for students to explore mathematical conaepts in an interactive way, usng a
stylus on a toudh screen. (Kissane 2004) To illustrate, Figure 3 shows a quadratic fundion
tha has been grapheal by dragging its symbolic form into a graph screen, usng the stylus In
the second screen, the graph itself has been moved and then dragged back into thetop screen
to showtherelevant new algebraic form.
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Figure 3: Exploring fundionsand graphson a Casio ClassPad 300

As a second example, Figure 4 shows use of a ClassPad 300 to explore relationships
between an object and itsimage, after reflectionin theidentity line In this case, the ClassPad
300 provides theimage on reflection, and the trandormation matrix is generated by a process
of dragging a point and its image to the top screen. The third screen shows tha the matrices
concerned can be used to highlight therelationship between a paticular point anditsimage
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Figure 4: Exploring reflectionsaboutaline on a ClassPad 300

Explorations of these kinds provide new oppotunities for students to experience
connectionsbetween mathematical objects and to examinether propeties directly, as well as
providing new possibilities for class teaching (if a ClassPad 300 is used as demonstration
device). Asfor graphics calculators, many creative oppotunities are opened by this device.

The subgantial computationd capabilities of modern technologies such as the three
referred to here raise new questionsaboutwhat is mos important in a modern curriculum. It
will become increasingly difficult to judify extendve student time spent developing and
practicing mathematical tasks tha can be readily performed by a persond technology device.
While scientific calculators comfortably handle arithmetic and especially numerical
calculation, more sophisticated devices such as a ClassPad 300 can dedl just as comfortably
with exact arithmetic of various kinds, algebraic manipulations and symbolic calculus
computationssuch as inddinite integrals and genera solutionsto differential equaions



| ntegr ation of technology

The mere existence of technology to suppot mathematics education is not by itself sufficient
to improve mathematics education: an important issue conarns how the technology is
actudly used. Western thinking increasingly suppotrts the careful integration of technology
into the mathematics curriculum. A guiding principle has been tha of cohaence between
teaching, learning and assessment. The technology used by students for doing and learning
mathematics should be coheent with tha used by the teacher for teaching mathematics and
also should be a component of the assessment program.

Persond technologies still seem to offer the best progects for approaching this sort of
coheence. A scientific calculator, graphics calculator or ClassPad 300 is small enoughand
portable enoughto be used freely by both students and teachers and to be made available in
forma and informal assessment. Increasingly, technologies of these kindsare being formally
induddl in official curricula, induding official examinaions in Western counties such as
Audralia, and curriculum development undetaken on the assumption tha essentially all
students will have a reasonable level of persond access. It is much more difficult to achieve
coheence with more sophisticated technologies such as desktop or notebook computers. The
main reasons are tha it is much more expensive to enaure tha all students enjoy sufficient
access during teaching and learning and it is very much more difficult to condud important
examinaionsfairly when computers are permitted for student use.

As well as sound curriculum and examinaion design, integration of technology aso
requires careful attention to other factors, especially thos concerned with teachers and
textbook materials. Many existing teachers are unfamiliar with technologies such as those
described here, and integration of technology requires that attention be given to suppot the
work of teachers. This can take a variety of forms, induding workshops written materials,
online materials and even jug free time to work with colleagues to develop both persond
competence and also good idess for teaching. Textbooks and other materials written for
students need also to be consdered from the perspective of technology.

Ead Asianlearners

In recent years, scholars have identified characteristics of East Asian learners and education,
patly in orde to undestand some success on various internaiond compaisons of
achievement. Despite aflurry of attention, induding even some suggestionsthat the successes
of East Asian students oughtto be mimicked in the West by following similar educationd
practices, some have suggested caution. For example, Fujii (2002)suggested tha ingrumental
undestanding (Skemp 1976) still woks effectively in amog al conventiond school
mathematical problems, so that the appaent success of Japanese students was illusory, and he
decribed it as a@seudo-undestanding2002 p.4).

Leung (2001) offered an interesting andysis, highlighting several dichotomies to
explore differences between education in the East and the West, acknowledging tha such
compaisons are aways difficult, as they involve a complex mixture of cultural difference,
habit, experience and of course are tempered by important official decisions regarding the
naure of school education. It isinteresting to consider some of these dichotomies in the light
of persond technologies such asthose identified above

On the matter of the emphasis of content versus process in mathematics, Leung®first
dichotomy, it seems important to recognise tha persond technologies of today providea good
deal of wha is often regarded as @ontent( since many mathematical procedures in the form
of Gasic skillsOcan be readily performed on them. While the simplest cases involve mere
arithmetical calculations more sophisticated cases indude agebraic manipulation and
procedures involving calculus It seems inevitable that access to technology of these kinds



will influence views on what are really the mog important founddionsfor mathematics, one
of thethemes for this conference.

Leung (2001) described a dichotomy between rote and meaningful learning by noting
the significance of memorization and repested practice in East Asian mathematics education.
Whether this is characteristic of only East Asian education is of course questionable. Leung
(2002) noted Huang® condusons from a TIMMS-R Video Study tha practice was a
prominent feature of mathematics lessonsin all countries studied, not only thos in East Asia
Similarly, Skemp@& influential paper (1976) lamented and offered some explanaionsfor the
(Western) emphasis on rote learning, induding the backwash effects of examinaions and
curriculum materials. Persond technology has often been assumed to have only asingle role
tha of calculating answers B while the important experiential role has been overlookel. It
seems that many thingslearned by rote in both East and West can now be performed directly
via pesond technology, and tha persond technology might also be used to suppot
meaningful learning throughthe provision of valuable persond experience.

Leung (2001) referred to a dichotomy beween extringc and intringc motivation in
order to better undestand East Asian mathematics eduction. A key issueis the prominence
of formal examinaions of continuing sodetal and cultural significance in East Asa; these
seem to reflect best the idea of extrinac motivation. Mathematics examinaions of course
have for longbeen of consderable importance in Western counties as well, as Skemp (1976)
and many others have noted. In these countries, experience suggests that an important issueis
the extent to which technology use is permitted in the examinaions One reason for thisisto
provide cohaence between teaching, learning and assessment, as noted above It is also
important to recognise tha extringc motivation is a powerful tool as well as an obgacle to
reforming mathematics curricula in the light of massive changes in available technology in
sodety at large On the other hand, many teachers report tha persond technologies such as a
graphics calculator or a ClassPad 300 generate significant intrindc motivation in students,
because of the creative oppotunities opened.

Leung®find two dichotomies (2001)refer to theteacher as a subject matter expert (as
distinct from a mere classroom facilitator) and to teaching the whole class versus teaching
individuds. Viewed from the peaspective of pesond technology, these two dichotomies
remind us of lessonsalso learned in the West that effective use of persond technology in the
curriculum requires teachers who are themselves competent and able to modd good practice.
As noted above effective integration of technology into the curriculum requires consderable
energy and time spent suppoting mathematics teachers in this quest. As Leung notes,
educators from both the East and West will agree that teachers need to be both scholars and
facilitators. It isunrealistic to expect teachersto teach well wha they do not themselves know
well, so tha suppot for teachers to use technology effectively themselves is necessary before
it can be integrated into the curriculum. Many teachers in the West make effective use of
whole-class demonstration devices, such as overhead projector modds of graphics
calculators, both when students are using their own calculators and a so when students are not
usng calculators. This seems to be congstent with Leung® observation of typical East Asian
educationd practice regarding ateacher as a subject matter expert teaching awhole class.

Wong (2002) expressed some reservations about whether the educationd practices
common in East Asia were in fact an inhaent part of the Confudan Heritage Culture (CHC)
and even referred to a @HC mythQ(p. 213). Rather, it was suggested that the practicesin the
Oived spaceOof classroons reinforced particular views about mathematics and mathematics
education. Wong noted, for example, CE  students condgstently conceived mathematics as an
abslute truth and they aso thoughtthere are always fixed rules to solving problems in
mathematics. The task of solving a mathematics problem was thus equaed to the search for
such routines.0(2002, p.218) and also tha there was OE a similarity in the studentsOand



teachersOconceptions of mathematics. In particular, both perceived mathematics as, by and
large, a set of rules.O (2002, p.224). Wong aso reported work by Lam, suggesting tha
Onathematics problems given to the students are foundto be closed-ended, stereotyped and
required only low level skillsQ possibly OE due to the acute examindion orientation in
CHC, coupled with the cultural expectations of parents.O (Wong, 2002, p. 224). Such
observationssuggest tha use of technology in mathematics education requires attention to the
work of students, of teachers and also of examiners, reinforcing the earlier suggestion tha a
cohaence between learning, teaching and assessment is necessary.

Conclusion

Mathematics educators in both East and West acknowledge tha the founddions of a goad
mathematics education are conaeptud, and not only procedural. Persond technologies of the
kindsdescribed briefly in this paper allow for exploration of important founddiond conaspts
in mathematics, while also offering suppot for procedural computation. Cregtivity is an
important part of mathematical work, not always recognised by pupils and teachers in either
East or West; working within the strictures of examinaion-oriented environments. Persond
technology continues to offer oppotunities for a range of mathematical perspectives to be
explored in creative ways by students, with the help of ther teachers, provided attention is
given to the professiond needs of teachers and thenaure of assessment.
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