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Abstract

A number of researchers expect that the innovative use of new technology dterstraditiond technology.
Thisstudy focuses on traditiond or lost technology, used in the history of mathematics, aswell as new
technology. It discusses the aims of using technology in teaching mathematics history to experience
hermeneuticsin mathematics higtory. The epistemologica necessity of using technology is discussed
from the socio-higtorica-cultura perspective. Inthelast part of the paper, this paper gives an example
of the evidences that show how use of both types of technology for teaching history of mathematics
changes students' belief's about mathemetics as human enterprise. Toilludrates the change, this study
used the LEGO mechanics and DGS (Dynamic Geometry Software), observation of undergraduate
gudents in the class of mathemdtics education methods for pure-math or informatics mgjors and
students descriptions of how their belief of mathematics had changed.

I ntroduction

From the perspective of Marshal McLuhan’'s Media Revolution (1962), today’sIT revolution must influence
mathematics educeation reform as the past media revol ution, from manuscript to type printing, influenced the
Scientific Revolution. We, as mathemetics educators, cannot avoid the Media Revolution just asthe medievas
could not. Indeed, there are severd movementsin the world which are trying to push the reform. For example,
in ATCM99, Chow Wai Man and Peter Jones (1999) discussed how the new mathemati cs curriculum in Hong
Kong recommends using technology. Percy Kwok (1999) andyzed IT issues in educdion with the
classfications of pedagogica characteridics. At the sametime, there are severd research sudieswhich describe



the features of technology in comparison to traditiond technology. In ATCM, Barry Kissane (1999) discussed
features of CAS (computer agebra system) which bring new symbol sense, IdaAh Chee MOK (1999)
illugtrated that the availability of technology never promises a panacea. Masami |sodaand Akihiro Matsuzaki
(1999) illustrated that we could not ssimply aternate the old technology with the new technology, but that the
cognitive roles of the old technology must be changed. Those research studies focused on the cognitive role of
technology for learning or exploring mathemetics.

Thisresearch dso discusses this problematic trangtion which must occur when introducing new technology but
focuses more on the role of traditiona technology for teaching history of mathematicsin the following context.
Theteaching of the history of mathematics has been incorporated into mathematics education. The Japanese
high school mathematics curriculum from 2003 begins to emphasize the history of mathematics for teaching
mahemaics as human activity and culture, as well as it emphasizes introducing technology. In teeching
mathematics history with technology, severa research gudiesexist. Maria G. Bartolini Buss developed Java
applets as wdl as mahematicad mechanics (http://mww.museo.unimo.it/thestrun). David Dennis (1997)
discussed the using of DGS for interpreting history. Masami 1soda (2000a) used LEGO mechanicsaswel as
DGSfor teeching higtory. These research sudiesillustrate thet these tools are useful for teaching mathematics as
ahuman enterprise. Theaim of this paper isto illustrate this Sgnificance in the case of teaching history using
both traditiond and new technology and to show how this use of technology changes students bdiefs
concerning mathematics

Hermeneuticsin MathematicsHigory

Chinese used calculating rods in the age of Nine Chapters (AD 100 at least) and they had devel oped their
agebrasystem using their rods. In the age of pre-history, physica insruments had amgjor role for influence
culture. For example, Li-Y u Fu (2000) illustrated the teaching of ethno-mathematics using aborigine sbow in
Tawan. INATCM98, Masami |SODA (1998) illugtrated the power of DGSto understand the text of Descartes
in 1637 (werefer to later). In the case of history, both old and new technology is necessary for interpreting
history and gaining on gppreciaion of mathematica enterprise.

For digtinguish higtoricd interpretations with other mathematica
appreciation, we want to compare the L’ Hopitd’ s Weight Problem
(1696) with the VCE s Art Gdlery Problem (Victoria Certificate of
Education 1994, http:/mmw.bosvic.edu.auveelvoegate htm).

L’Hospital’sWeight Problem: Let F be apulley, hanging fredy a
theend of arope CFwhichisfastened at C, and let D
be aweight. D ishanging at the end of the rope DFB,
which passes behind the pulley F and is suspended & B
such that the points C and B are on the ropesthat do not Figure 1. L'Hospitd 1696
have mass; and one asks at what placetheweight D or
thepulley Fwill be” (Maanen.1991)

L'Hospital solved this problem by both of calculus and geometry. To interpret the reason why L’ Hospital
preferred this problem in hisfirgt book of caculusisvery important. Wewant to refer to it later.



Maanen (1991) discussed the classroom activity of this problem on the setting of mechanics. If we do not use
the mechanics, we prefer DGSfor exploring thepostionof D.  Thelocusof D isgiven by DGS (figure 2, used
GSP on Cassiopeia Computer Extender). Asin Maanen’ s setting, suppose we determine these four points as
C(0,0), E(x,0), B(6,0), D(x)y) and given CF=1and BF+FD=10 (figure2).

Then,ED = f(x)=10-437-12x +1-%’
If weuse CAS, wefind the graph of f(X) isfigure 3 (used Maple on Cassopeia).
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Fgure2. Thelocusof D Figure 3. Thegraph of f(X)
The correspondence between the locus of D on DGS and the graph of f(X) on CAS shows vdidity of f(x). We
can ue CASfor getting amaximum vaue;
3
S (x) = 0,then]2x* - 73x* +36 =0 © % = o Maxl(x) = 5.37

From thetext by L’ Hospitd, we could know that he aso discussed the geometric solution. If we use DGS, we
know the maximum case (figure 4, used Cabri |1) and get Smultaneous equations,
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\ Fgure 4

From these equitions, we get the equition:
| 12x° - 73x* +36 =0

This equation dready emerged from f (X)=0. The

reeders must then recognize this rexult as
© demonstrating the validity of calculus because both
methods show usthe samereault. This problemisavery good problem becauseit showsthe power of different
mathematical representations through recogni zing the correspondences. Thisis agood example to show the
power of multiple representation function in innovative technology. But we could find Smilar examplesin other
resources. Indeed, the Art Gdllery problem shows us similar correspondences.

TheArt Gallery problem; A roominan at gdlery containsapicture which you areinterested in viewing. The




pictureistwo metres high and is hanging so that the bottom of the picture is one metre above your
eyeleve. How far from thewal on which the pictureis hanging should you stand so thet the angle
of vison occupied by the pictureisamaximum?What isthis maximum angle? (V CE1994)

This problem aso can be solved by both methods of geometry and

cdculus. Figure5 (by GSP on Cassopeid) isthe solution which used t

thelocus point (‘the distance’, ‘theangle of vison'/10) and figure6 ,, | "~
(by Magple on Cassopeid) isthe graph of thefunction. We could dso T
find correspondences between the locus and the graph. We should el L .
know that thisis also avery good problem becauseit hassame ™| _ . TTt:ise oo -
feature of L’ Hospita’ sproblem.  For discussing the mathematica
goprecidion that comes from the awareness of correspondences | .-
between different mathematica methods, each of the problemsisas
important asthe other one.
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Figure5. Thelocus of the point (‘the digtance, ‘the angle of vison'/10)
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The advantage of L’ Hospital’ sweight problem is that the problem gave us the opportunity to interpret the
higtoricd text on the historical context. We could explain the reason why L’ Hospita (or the red author, Jean
Bernouli) used this problem in thefirst textbook of caculusinwhich hetried to show the validity of hisnew
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method, ca culus, through solving the problem which is solvable by the traditional method, geometry. Because
cdculuswas an unknown, new and powerful mathematica method, he had to prefer this problem for showing
hisnew method svdidity.

Higtorica problems, texts and tools give us the chance to experience the hermeneutics in mathematics history
(Jahnke, 1994., 1soda, 2000b). Thiskind of interpretation, the hermeneuticsin this case, isvery important for
appreciding mathematics as human enterprise. L'Hospitd’s problem is not easy for today’s high school
students who only prefer the paper and pencil approach because it includes the solution of athird degree
equation’. Inthis case, DGS and CAS help students to solve the problem. If students solved it by both methods
they could reach this interpretation. This is a case where modern technology helps to experience the
hermeneuticsin mathematics higtory.

A Supporting Theory for the Useof Higtorical Technology

The Vygotskian perspective, or socio-cultura perspective (eg. Otte, 1991), about mediationd means (Wertsch
1991) induding physicd toolslike mechanics and psychologicd toolslike mathematical representation, support

! " Hospital used that the CB isasolution of the equation. Thus, high school studentts could solve the eqution.



the use of technology in teaching mathematics history. Indeed, the socio-higtorica-culturd perspective
(Vygotskian perspective) describes that each mediaiond means has its own embedded higtorica-culturd
functionsand regtrictions (Wertsch 1991).

For example (1soda 1998, 2000b), Descartes used mechanica tools or reasoned with the metgphor of mechanics
In his Geometry (1637), he discussed his skepticism againgt the ancients' restriction of tools, using only ruler
and compass, for geometry and he overcame theredtriction via his agebraic method. After showing that
geometric congtruction problems, such as obtaining a segment, could be solved by his method, he discussed the
power of his methods when used for curves, about which ancients such as Pappus did not employ. In his
discussion, wefind thet hismethod of problem posing was deeply mediated with mechanics asfollows.

Firgt, he gpplied hismethodsto ask about the curve (figure 7, 1637) made by linkage mechanicsusing aline

‘ Suppose the curve EC to be described by the intersection of theruler GL and the rectilinear plane
figure CNKL, whose side KN is produced indefinitely in the direction of C, and which, being
moved inthe same planein such away that itssde KL dways coincideswith some part of theline
BA, impartsto theruler GL arotary mation of about G’

After showing that it isahyperbolaby use of dgebraic representation, he changed the condition asfollows:

‘If CNK beadirdehavingitscenter & L, we shdl describethefirgt conchoid of the ancients (figure
8 by quaters) whileif we use aparabolahaving KB as axiswe shal describe the curvewhichisthe
firg and amplest of the curves required in the problem of Pgppus (figure 11 by quaters).

It isdifficult for usto interpret this sentence without knowing the mechanica tool. Through changing the
conditions (or partsof mechanics), he found other curves using the linkage mechanics. We are not sure
Descartes actualy used these mechanics but we are sure that he had the metaphor of mechanics and DGS
(figure8to 11, used Cabi 11) hdps usto imagine the exisence of the metgphor.

Theimportance of this paragraph is strengthened through the interpretation of awell known commentary by
Pascd used againgt Descartesin Panse:

“79. Decartes - We must say summaily: “ Thisismade by figure and motion,” for it istrue. But to
say what these are, and to compose the machine, isridiculous. For it is useless, uncertain, and
painful. And wereit true, we do not think dl Philasophy isworth one hour of pain.” (used Japanese
trandation by Y ouich Maeda 1978).

Againg the dgebraization of geometry by Descartes, Pascd tried to keep the spirit of the ancients' geometry.
This confrontation isrelated to the difference of mediationa means between mechanicd toolsand psychologica
tools. It tdls us tha these mathematicians activity is one of human enterprise. It dso implies that each
mediationa means has own hitorica-culturad functionsand restrictions. That isthe reason why it is necessary to
use historica technology for interpreting history of mathematics. And dso, in Some cases, modern technology
enablesustointerpret higory.

A Caz= Study; Students changether belief via teaching history with technology.
For illugtrating that mathematics history is another door for using technology in education and discussing the



effect of technology, we want to present the case study that shows how undergraduate sudents changed their
bdlief of mathematicsinvolving history by using historica and modern technology.

Four lesson hoursin mathematics education method dasswere used. Theam of lessonsisto give sudentsthe
chance to experience hermeneutics in mathematics history, interpretation of historica text with technology on
the higtorical context, and to know mathemetics as a human enterprise. Students who attended the classwere
pure math or informatics students in the undergraduate program. Before the lessons, they did not have the
experience of atending adass of mathematics history. They knew only names of famous mathematiciansasthe
names of theorems. A few of them had read books about mathemetics history but did not have any experience
reading origind or trandated higtorica texts. They did not know the pantograph as the drawing tool and did not
have any experience usng DGS. The sequence of lessonswas asfollows.
Firg lesson: Using an origind picture of Schooten, students explored the locus which were draw by
the compass of dlipse
Second lesson: Studentslearned how to congruct the locususing DGS.
Third leson: Students drew the compass of dlipseusing DGS.
Fourth lesson: Studentsread thetexts of Descartes * Geometry’ and ‘ Rulesfor the direction of themind',
draw thelocus usng DGS to understand the meaning of the text and then, read the text of
Pascd’ s Pansg and ‘ Spirit of Geometry’, and discusstheir interpretation.

Studentsmet the higtorical technology.

In thefirst lesson, the teacher presented Schooten'’ s picture
(1646, figure 12, see Maanen 1992) and asked studentsto
guessthelocus of E. Many students drew some curves and
others drew some segments (see figure 13). Then, teacher
asked students to make the mechanics of figure 12 using
LEGO. Students made it and drew locus. Through the
process of making it, Sudents soon began to change its
conditions. Students discussed how the curves were changed depending on its conditions (figure 13& 14). The
teacher explained that thelocusisan dlipsejust in case of AB=AD. Studentstried to consider the case once
more but thetimeleft was too short to find the proof.

After thelesson, students described their opinion asfollows:

Fgure12

| could understand using mechanics more than only imaging locusin my mind. Until usingiit, |
understood dlipse by the equation and | had never considered how to congtruct it

We could not usetools until we know how to useit. | realized that to design toolsand explorethe
waly of using themaretheissues of mathematicsitsf.

Teacher began thelecture that the ancients used to use ropeto draw acirdeand an dlipse. | could
experiencethesmilar Stuation via the LEGO: Theandients must have congtructed their knonMedge
of mathematicsthrough thiskind of exploration.

| never experienced such interesting condruction in math lesson like this. | redly wanted to



demondrate the reason why an dlipse was drawvn.
| never thought thet the lineer mation could produce an dlipse

These opinions expressed the effect of LEGO mechanics for exploring curves and implied thet their views of
mathematics had changed as well astheir concepts of curves. And especidly, the itdic parts of the opinions
indicated that they interpreted the using of mechanicsfrom historica perspectives which must be smilar to the

perspectives of theancients or Descartes.
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Figure 13. Students presumptions before making LEGO

Figure 14. Thecasss of dlipse

Figure 15. Thecasesof nondlipse

The change of bdlief via exploring with technology.

In the second and third lessons, sudents learned the congtruction by DGS, and then, they began to congtruct the
mechanicson DGS. At the fourth lesson, sudentsreed the text of Descartes, explored the meaningswith DGS
and read the text of Pascd. After discussang their opinions, they described their opinions asfollows.

For me, mathematics was symbolized by the words ‘ memorize theorems' and ‘ knowing the ways
of cdculaion’. | only learned afew parts of history, but | could know that those mathematicians
ideas and their ways of explorations are far from today’ s mathematics. The reason why the
ancients preferred mathematics for the initiation of philosophy must be mathematics was not
difficult or mathematics wasintegrated enough to understand. Unfortunately, theimage of today’s



mathematicsistoo hard for thepeople.  Through using tools, we can demondratiein the dlassroom
how ancient mathematicians explored comprehensible mathematics.

Before the lessons, | thought today’ s school mathematics was the most refined and thus, the most
smple mathematics. But | experienced that the ancient mathematics and tools had specific reason
which should be used and easly undersandable. Thisisanew perpectivefor me.

| did not think about the way of congtruction any other ways but in the textbook. | learned that the
historica textbook and toolstell usalot of unknown methods. And through the interpretation of
higtory, | could know other aspects of mathemetics

People imagine problem solving from the word * mathematics' . Although, | only learned some
higtory of mathemdtics, | know theimportance of knowing the roots of problemsand idess.

| believed that to deduce from the assumption to conclusion isthe forma way of mathematics.
Through thelessons, | learned that the analysis of mechanics by which to try to find the solution
and the reasoning of other representations in the case of obstruction. From the history, | learned
another face of mathemdtics

These opinions expressed that those four lessons srongly impressed them to recondder their bdief of
mathematics as ahumean enterprise. At the sametime, some opinionsimplied thet their belief about mathematics
before the lessons was not gppropriate for future mathemati cs teechers who could teech mathematics as human
activity. Unfortunately, in the case of Jgpan (see TIMSS), these ingppropriate opinions exist even in the
undergraduate math mgjors. Thus, teaching history with both traditiona and new technology for pre-service
teachersisfectivefor the change of bdief in mathematics

Conclugon

Theam of this paper isto illustrate the Sgnificance of using technology in the case of teaching mathematics
history; specificaly, mathemétics as a human enterprise through giving students the chance to experience the
hermeneutics in mathematics history. Both historical and new technologies are useful tools for knowing the
imbedded socio-higtorica-culutral perspectivein mathematics. Inthelast part of the paper, the effect of using
both technologiesin teaching history was expressed by the students voi ces after the lessons. Students were
impressed with their changes of belief in mathematics as a human enterprise. Teaching history with both
traditiond and new technologiesfor pre-sarviceteachersis effective for the change of belief in mathematics, and,
it could be said, necessary for future mathematicsteachers.
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