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Abgract

Thisstudy discussed theroles of old technology and new technology intheteaching
of mathematicd modding. In this paper, a crank mechanism made of LEGO was
used for teaching mathematical modeling. This paper, as the third phase of the
research (Isoda, Matuzaki, Nakajima, 1998), discussed the changing roles of LEGO
and aGraphic Cdculaor if we added the activity of making linkage (Matuzaki, 1999).
From the case sudy, this pgper distinguished the four cognitive phases through
meathematicd modeing: reasoning with the visud imagein redl world, reasoning with
the mechanicd dructure, reasoning with the mathematicd modd without the
mechanica structure and reasoning with the mathematica moded and the mechanica
dructure.  With comparing our results with Rose Mary Zbiek’'s research (1998)
which discussed therole of new technology in formulaion of themodd, thisresearch
discussed following:  thered world activity should be distinguished before and after
knowing the mechanicd dructure, and the mathemeticd activity with the modd
should be distinguished before and after synchronizing the parameters of the model
and the parts of the mechanics.  In this paper, graphic calculator as a piece of new
technology hel ped mathematical worksin the process of the mathematica modeling
and LEGO as a piece of old technology helped the activity in red world. The
synchronization of the modd with the mechanics was supported by both technologies.
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1 Introduction

Theinnovative use of new technology hasinfluenced education. In mathemetics education
Computer Algebra System, Gragphing Tools and Dynamic Geometry Software (DGS) have
influenced high school curriculums.  Many kinds of dternative teaching programs have
been devdoped in the US. In addition, the Internet has been changing the idea of
mathematicsteaching.  From the perspective of Marshal McLuhan’s Media Revolution
(1962) with the wdl known example of the printing technology of Gutenberg in the 15th
century, the changing media from manuscript to type printing influenced the Scientific
Revolution and we could not avoid the Media Revolution like medieva could not [1].

But does new technology dternate old technology? For example if we use DGS in
geometry, can we discard aruler and acompass?  Of course we cannot, but we haveto
consder how theroles of aruler and acompass should be changed.  Descartes changed
their rolesfrom exclusve mathematica tool for geometry to one of mechanicd toolswhich
was used for representing mathematics. His view enhanced exploration of mechanicsand
influenced the technol ogica and mechanica sciencesand cognition.

This paper explorestheroles of old technology and new technology in the research context
of mathematica modding: a process described by Tatsuro Miwa (1983) as Formulation of
Modd, Mathematical Works Based on Model and Interpretation of Result [2]. Rose
May Zbiek (1998) discussed the relation between new technology and prospective
teechers gtrategiesfor mathematicad modding [3].  Inthis paper, we focus on mechanics
in order to explore the changing role of old technology in the context of mathematical
modeling and show an example of modeling by students.  Our resultswill be compared
with Zbiek’ sresearch and theroles of old and new technologies will be darified.

2 Mechanicsand the M athematical M odd

Mechanics has been developed dong with mathematics.  Before ENIAC, mathemdticians
tried to design physica mechanicsfor the calculation of caculus[4]. 20 yearsago, some
kinds of mechanicslikefigure 1 and 2 gill have roles as mathematica instruments and we
could find many kinds of the catalogs of mathematica insrumentsfor classsoom use[5].
Some of them were made by plastic, newest materid but now in Japan, such insruments
have been dternated computers. It isdifficult to find such catalogs and instrumentsin
dassoom. MariaG. Bartolini Buss discussed the historical ingrumentsfor usingitin
today’ sclassoom [6].  Following, the diversity of the mathematica mode of mechanics
areandyzed in order to show how its nature should be discussed .

2.1 Mechanics Designed by Geometric, Algebraicor Analytic Structure

Until the 17th century, mechanicslikethosein figure 1 and 2 were usudly developed using
the representation of Geometry. On the other hand, snce the beginning of the
development of dgebrain West Asa, agebra has been connected with geometry.  After
Descartes, D’ Alembert designed the theoretica machine which could draw the graph of
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any polynomid function[6][7]. A physica copy of it made by Jean M. Laborde, Cabri
group in Grenoble, only worked lower degree by physicd problem.  But we know that the
virtural copy by DGS enableto work. We could see another physical copy by Franco
Conti [8]. Herman H. Goldstine distinguished between the aithmeticd-digitd type
meachine like abacus and continuous-measuring-and ogue type machine like planimeter [5].
Anaoguetype oneisrepresented by Algebraor Andysis.  Today, in the age of mecha
toronics, and ogue mechanicsis controlled by digitd computer.

Fg.1 Dexates(163 Fg.2 M.Bion(1709)

2.2 PartsUsad in Mechanicsand Parameter sfor Usng Mechanics

All Mechanics have a mechanicd dructure which could be dso represented in
mahemdicdly. In the case of the pantograph, like figure 2, smilarity is kept by the
geometric structure which is based on the pardlel ogram and the line through the fulcrum,
the force point and theinfluence point.  If students know the Structure of the pantograph,
they must change theratio of similarity as parameters.  If not, they could explore the
pantogrgph by changing parts and discover the conditions which keep the amilarity.
Cognitive gructures must be gtrictly difference before and after knowing the Structure.
Before knowing the structure they enjoyed changing parts but after knowing the structure
there were parameterswhich should be changed.  In the case of D’ Alembert’ s machine,
we can manipul ate the parameters of the coefficientsin the polynomia without knowing
the hidden mechanica structure which might be represented by the geometric Sructure.

We should dso know that same mechanics can be manipulated according to one's
intuitions which depends upon user’ s knowledge of mathematics.  And we should not
forget that mechanics helpsto develop mathematics.  For example, Descartes’ intuition
about curves could not eesly sheared with uswithout using hisingrumentswhich aredso
represented by DGS|7].

2.3 Diversty of theMathematical M odd in theKinematics Context

The mathematical modd of mechanicsis not restricted to one Structure in the kinematics
context.  For example, geometric representation can describe the motion of mechanicsas
locus but DGS showsitsmotion.  Andytic (functiona) representation can describe the
changing of acceleration.  Even if we set the context for mechanics, we can select many
kinds of mathematica representations.  |n some cases, geometric representations fit the
red gtuations better than dgebrac represantations.  In other cases, dgebraic
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representations are preferdble.

Againg such diversity, we should aso consider the festure that the mathematica modd of
mechanics usualy explainsits own kinematics as atheoreticaly causd rlaion. Inthe
case of the socid sciences and some parts of engineering, we can discuss the mathematical
modd only by sdecting the fittest function which correspond to the data but cannot explain
the meaning of the functiond representation as a theoreticdly causd rdation. Thus,
mechanicsare preferred for teaching mathematica modding.

3 A Cas=eSudy in a Secondary Classroom

In order to explore the changing role of old technology in the context of mathematical
modding, we sdected a crank mechanism and taught mathematical modeling to high
school sudentsfor four hours[9].  The mathematicad modding problem wasthe same as
inour previous research [ 10] but the making mechanicswith LEGO was added in order to
focus on the changing of therole.  Nine femde deventh grade students who had never
sudied acrank beforewere sdected.  For collaborative exploration and for taking deta of
their communication, sudents were divided in groups which have two or three sudentsin
eech. During dass, dudents activities were recorded and student’s worksheets were
gathered for quditativeandyss.  Students had studied trigonometric functions previoudy
but they needed help to formulate an equiation for the mathematicd modd.

3.1 MechanicsEmbedded in a Daily Context

The session began with the question, “How does the wooden-horse of merry-go-round
move?’  Students engaged the question for two hoursin the context of making marry-go-
round.

Fig. 3(by student;) Fig. 4 (by Sudents) Fig. 5 (by Sudentsand teecher)

Mog students answered from their experience that the motion was only up-and-down and
the structure of the merry-go-round was unknown.  Then, they watched the motion of
wooden-horse on avideo and were asked the same question once again. They answered
that the up-and-down motion was provided by some mechanica structure Smilar to thet of
figure3. The teacher, Akio Matuzaki, explained that a mechanical structure of crank
hidden in merry-go-round but they fed srange and do not undersand how the circle
motion produces an up-and-down motion. This conflict was aresult of the difference
between the wooder+horse' s up-and-down moation on the turntable of marry-go-round



Isoda & Matuzaki

which students had experienced while riding and the circle motion which dso included the
backward and forward motion.  Thisresult impliesthat students do not dways have an
appropriate image concerning the motion of mechanicsevenif they experience the motion
frequently indally life.

3.2 The Sructure of MechanicsBeyond Visualized M aterials

In order to confirm the motion, teacher asked students to make the mechanics by LEGO
which could represent the motion of wooden-horse.  The teacher expected that students
would make a mechanicsusing acrank but this task was difficult for sudents.  For
example, one group began by constructing the wooden-horse itself (figure 4) but then
couldn’t reproduce the mechanism, they could construct only the separate parts.  This
result impliesthat sudents were reasoning with visua materia but could not reasoning with
the sructure of mechanics

All groupstried to make but failed. Then the teacher gave sudents an incomplete sampleto
complete.  The mechanism made by students represented the piston crank mechanism
(figure 5) but many studentsimaged thet the locus of wooden-horse must becirdle (eg. like
enlargements of figure6).  Thisresult impliesthat sudentswere till reasoning using their
visua images and could not reason using the mechanica structure even if they madethe
mechanics
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3.3 Conflict between Students Visual Imageand the L ocus by the M echanics

In order to confirm the motion iscircle or not, students drew loci like figure 7 using the
crank (figure 5) by adding the pencil lead to the hole of LEGO rod.  Contradictory to
many students’ images, theloci were not cirdes (figure9).  Some studentsthought the loci
were not drawn correctly because their hands moved when they were drawing, hence the
circledid not gppear asthey supposed it would.  This upset cognition impliesthat these
sudents did not recognize the crank as an appropriate mode for the woodern-horse maotion
and gill did not reason with the mechanical structure. Many students discussed how the
motion might be related with the structure asfollows.

2182YM: Thehorseig't round on the upper Sde.

2183TT: Why can't the horse connect with the upper 9de?

2185YM: Becaus=?

2186TT: ltcoudberoundontheupper sde. What (] l
do you think? o

2187NY: | agree. Upper <+———> Bottom

2188YM: Why? Fig.9
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The cogwhed is coiled around the horse!

2189All: Right! 1t sfunny (laughing).
In the descriptions on the worksheet, students wrote the following, “1 wonder that upper
ddeiscircle, but bottom Sdeisapressed ovd (figure 8) and the height is same (figure 9).
Thelocusisandlipticor asemicirde (1?).”
Two hours gpproach to the first question, students overcame ther misundersandings
resulting from the visud images and became accustomed to the mechanicd sructure. We
would liketo notethat dmogt dl these activitieswere conducted asred world activitiesand
that a few dudents can explain ther finding about the mechanicd <ructure with
mathematica representations.
34 Formation of theMathematical Modd and I nter pretations
During the 3rd hour class, students were asked to represent mathematically the up-and-
down moation of the crank’ s piston (figure 10), endpoint, as an extreme case of thelocusas
the pressed ovals (figure8 & 9). Studentswere alowed to use the LEGO crank and
graphic cdculator but dl of them did not.

. oA
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Fig. 10 The Piston Mation of Crank Fig. 11 The Graph of the Function

Students couldn’t solve the problem by the paper and pencil approach.  Theteacher helped
them to solve the problem theoretically and then they derived the equation of the function

£(0)= OA =rcosd +v/L*- 4sin® as the mathematicd mode (the mahematical

gructure). In order to explore the meaning of this modd, teacher asked students to
meesuretheradiusr and thearm L of figure 5, inthiscase, r = 2cm and L = 8cm. Next, the
teacher asked students to explore the meaning of thefunction with graphic cdculaor.
Students compared the up-and-down motion of the piston viathe LEGO crank with the
graph of thefunction (figure 11). Studentswrote in their worksheet how the graph was
related with the motion, “If the piston moves up, the cogwhed rotateright. And if the
piston moves down, bar movesdso down.”

Through thee interpretations students could interpret the mathematicd modd,
mathematical structure, of motion with the crank motion. They could discuss that they
enable to connect the up-and-down feding on merry-go-round with the mathemeticd
dructure. It appearsasif the new technology hel ped students to understand the Structure
of old technology. Even 0, the teacher discovered in the next sesson that a this
understanding was il wesk.

35 ThePartsof theMechanicsand the Parameter sof the M athematical Structure
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The 4th hour dass was dated from the mathematicd dructure, and compared the
methematical sructurewith the mechanicd sructure.

The teecher asked students to explorethe mathematicd model with graphic caculator
through making alot of problemsviachanging the parameters of function.  Each student
made three or four problems, most of the problems were related to theratio of r to L.
Problenscanbedassfiedasfollons 1) r<L, 2) r=L, 3) r>L. Grgphsof ech
case were shown on thefollowing figure 12.

Retio 1) eg r:L=1:3 |2 eg r:L=1:1 3) eg. r:L=3:1
Fg. 12

Students easly understood the case of 1) becausethisresult issmilar to the origind ratio of
thefigure11. But they couldn’t understand the case of 2) and 3) because they could not
interpret the meaning of non-continuous graphs asfollows.

4112TM: | don't understand.

4113TT: Let’stry to demongtrait with LEGO.  What do you think about the
meaning of r = 2cm and L = 2cm inthe mechanism?

A114TM: (laughing)

4115TT: Let' sthink this problem together, MR.

4116TT: What doesr = 2cm and L = 2cm mean in the mechanism?

4117MR: Aha, both lengthsare equdl.

Thisprotocol impliesthat sudents couldn’t eesly to interpret the mechanicd structure from
mathematica structure.  During the 3rd hour class, students were ableto interpret the
graph from the motion of the mechanics and this 4th hour, they were able to change the
parameters of the mathematical structure.  But for students, changing the parameters did
not mean changing the parts of mechanicswhich corresponded to the changing parameters.
In this case the mathematical modd meant the each function and the result of mathemetica
work by grgphic cdculator meant the each grgph.  Students couldn’t interpret the
mathematica resultsby new technology into thered world Stuaions.

Students resssembled the crank to the specified lengths of r and L are 2cm (figure 13). Then
they confirmed the phenomenon of the non-continuous graph on the context of making
mechanics.  Students described on their workshedts. “If we gpply the conditions of 2) or 3)
to the wooden-horse will hit the cogwhed.  These conditions are not gppropriate for the
crank mechanism.  Thelength of L should belonger than of r for the crank (?)”

Thisresult impliesthat sudents understand thet these linkages can not work as mechaniam.
Espedidly, the following protocol implies that sudents were gble to redize that these
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linkages are ingppropriate mechanics

4121TT: (Using LEGO of figure 11) The problem in this condition meansthis
assembly, doesn'tit?  What do you think about thislinkage? What
if werotatethe cogwhed ...

4122MR: Roteate?

4123TM: Inthis condition?

A124TT: TM, you made.

4125TM and MR: What isagrange! (laughing)

4126TT: Writeyour findings on the shedt.

4127TM: Inthiscondition, | can't draw the graph.

Fg.13 r:L=1:1
We should note here that by finding the linkages that could not be assembled as the
mechanism, the sudents could relate the parameters on mathematica structure and the parts
of themechanicd dructure.  Hence, the Sudents were ableto trand ate the parameters of
the mathematica structure asvisuadized on the graph into the parts of the mechanica
gructurewith LEGO. They were gbleto subgtantialy connect the mathematica structure
with themechanica gructure.

4 Discusson; theRoleof Technology in Mathematical M oddling

Now, we discuss the question, “Does new technology dternate old technology in the case
of mathematicd modding?’ First, we need to know that how new technology helps
mathematicd modding. Rose Mary Zbiek found that, in the case of prospective teachers,
four strategies can be used to devel op and vdidate functions as mathematica mode swith
computers[3]. Thefirg drategy is Fitted-Function Sdlector whichisaway of finding the
fittest function for the data based on agoodness-of-fit vdue.  And the other Srategiesare
cdled Potentid function, Scatter Plot/Grgphing and Unneeded/Unused.  From Zbiek's
discusson, we could know that technology helps the process of the formulation of
mathematical model but in any strategies, prospective teachers were not successto get
better interpretation between the mathematical modd and thered world situations.  Thus,
if we dternate the formulation process with new technology, we will meet the crigstolose
the chance to connect between the mathematical mode and thered world Stuation.  But
how can we help to connect the mathematical modd and the situation.  Our case study
implies us the cognitive task which we need to overcome for lost connection. 1t shows
that there are cognitive phases that needed to occur in connection between the mathemetica
mode and the mechanicsand that were origindly discussed by Masami Isodain 1993,
Cognitive Phase 1: Reasoning with Visual Image Based on One s Experience

If students have images based on their experiencein the re world, theimages are usudly
too far from the cognitive structure to formulate the mathematicad modd.
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Cognitive Phase 2: Reasoning with the (Non Mathematical) Sructure

Students can over come misunderstanding through reasoning with the structure which will
connect mathematicd modding. But they do not yet know the mahemdicd
representation of it, they can reason with the structure and visua image, but they can not
reason mathematicaly.

Cognitive Phase 3: Reasoning with the Mathemetical Modd without the Sructure.

After theformulation of mathematica mode asthe mathematica sructure of the sructure
in the red world, sudents are ale to resson mathemaicdly. But they ill cannot
comparethe results with the Sructuresin the redl world if we change the parameters of the
mathematicd modd.

Cognitive Phase 4: Reasoning with the Mathematical Modd and the Sructure.

Students become accusomed to the correspondence between the parameters of the
mathematica modd and the parts of the sructurein red world.

Theoreticaly, these phases must be mutudly related and not restricted thisorder.  Inthis
case, thetrangtionsweredone by thisorder.  In thetrangtion from cognitive phase 1o 2,
the teacher set the making activity with old technology for focusing on the mechanical
gructure from the non-digtinctive visua images.  In the trangition from phase 2 to 3, the
teacher heped the formation of function from the structure and connected the modd viathe
graphic representation, new technology, with the motion of mechanics. In thetrangtion
from phase 3 to 4, the teacher asked students to change parameters using the new
technology and compare the results with the mechanica structure using the old technology.
Thesetrangtions of phaseswill continue recursvely in mathematical modding.

Weknow that the new technology dternates many parts of mathematica-agorithmic work
in the process of mathemaica modding and endble to visudize the result. Human
reasoning enables usto formulate the modd and interpret theresult.  Zbiek, who focused
on the formulation strategy, reported thet very few students could overcome only sdlecting
undesirable srategy, Fitted-Function Sdector [3]. The red world activity wasout of Zbiek's
research setting but she o discussed the importance of the understanding of the red world
gtuaion assame asthe reliance on todl, the relative roles of mathematics and the frequency
of tool use. The difference between phases 1 and 2 showsthat sudentsare living in the
real world but their images of the Situation are usudly far from the structure needed for
mathematica modding. If studentsdo not have gppropriateimagesin thered world, they
could not formulate the mathematica model and could not determine gppropriate or not.
Inour example, linkage of mechanics asan old technology has aroleto trangt from phase 1
to2. Our study aso showsthat two cognitive phases 3 and 4 should be digtinguish in the
interpretation.  Linkage enables oneto change the structure by changing parts.  Changing
both the parameter in the mathematical mode and the parts of the mechanics endblesoneto
synchronize between thered world and the mathematica modd.

5 Realt
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Asdated in theintroduction, new technol ogy, computer, do not dternate old technology but
aso changetherole of old technology.  Before the computer, mathematicians or enginears
tried to synchronize their mathematica theory with mechanics.  Since the computer, we
can say that users of mathematics try to synchronize their work on the computer with
structures of the real world, in some cases mechanicd structures.  Thefour cognitive
phases themsdalves must not be changed before and sncethe computer.  Itimpliesthet the
recognition of the red world structure and the variability of the Structure are important for
gynchronization.  As computer tools used as new technologies take pat in the
mathematical work, linkage mechanics made of LEGO as an example of old technology
take part in the recognition and variability of Sructureinthered world.  The case study
showsthat the importance of the synchronization between the mechanicd structure and the
mathematica gructure, old technology and new technology.
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