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Children 'sA Igorithm ic Sense-m aking through V erbalization

Hajim e Shirouzu (chirouzu@ sceschukyo-u acjp)
Schoolof Com puterand C ognitive Sciences, Chukyo University
Toyota, A ichi470-0393 A PAN

Introduction

This paper dem onstrates the effectiveness of children s own
verbalization on their conceptual understanding of w hy they
do whatthey do to solve a sin ple arithm etic problem . The
problem was solvable by the htemaction wih the extemal
resources, and the extermalized answ ers could be described
verbally as they were seen. Verbalization, however, n is
essence, ocould mclide twker's own htewprtaton or
explanation of the extemalized records Pine & M esser, 2000;
Shirouzu,M iyake & M asukaw a,2001).

T conducted a sm all-case leaming experim ent, asking six
sixth-graders in a class to cutoutthe 3 /4 of 2/3 of the origam i
papers area. They w ere of roughly sam e perform ance on the
m ath and had already m astered the fractionalm ultplication.
Tnitally, all of them m anipulated the paper directly to solve
the ask. Yet gradually guided by a teacherexperim enter,
through multdple collections of the solitions and explicit
com parisons am ong them , four students actively w orked out
w hy the answ erw as equal to the one-half of the whole and
finally verbalized its algorithm ic solution 2/3X3/4=12). Six
m onths later, these students described the task by m entioning
its algorithm ic aspectas "devising various w ays to m ake the
one-half area," but the rem aning tw o could notdo so even
though they also gave explicit consent to the algorithm ic
solution proposed at the end of the lesson. Thypothesize that
the key to the Individual differences is in thefrverbalization on
how they interpreted ow n extemalized solitions, differences
orsim ilarities am ong peers'solutions, and the task iself.

Leaming Setting

The data com e from a 6th grade classroom In a rem ote branch
schoolof Japan, w hich had six students @ girls, 4 boys) asa
whole. I visited there twice as a teacherexperin enter to
conducta lesson and m ake a follow -up nquiry, both of which
w ere recorded by videotape foranalyses.

There were three Intended phases n the lesson, t make
students solve the problem and explam theirsolving steps, to
have them reflectupon the differences or sim ilarities am ong
solutions, and to agk them w hy the goal area w as constantas
one-half. For the first phase, Iprepared sheets of origam i
paper, a pencil, and a pairof scissors, and then asked them a
problem . Every tine the student presented his answer, I
accepted itand m ade hin explain t© allhow hem ade itw ith
visualizing solving processes by extra origam ipapers. Forthe
second phase, I let the students com pare each tw o solutions
chosen from whatthey had m ade. Forthe third phase, Tasked
whatw as comm on am ong allansw ers and w hy itw as.

Six m onths later from the lesson, Ivisited the class again
wih the nquiry: “Plase wrte down anything that you
rem em beraboutw hathappened at the last lesson

Analysis
O verall, the perform ance of this class "appears" to be quite
high. Everyone solved the given task actively and correctly.
N ew er hiterpretatons w ere frequently m ade and easily shared
under "one voice." Hidden by such seem ngly one voice,
how ever, crucial differences in theirunderstanding occurrad
through chances of verbalizing theirown hiterpretations.

If a student replied to the question about the sam eness of the
answers as, “They are the same not In form but n area,”
Tnstead of only as, "D ifferent,” T coded thathe verbalized m ore
than w hatw as seen actually. W hen the others only consented
o such nterpretation, Idefined that they did not take mitiative
of explicit verbalization. T this way I coded what child
m entioned w hat interpretation. A lthough space preventsm e
friom describing the entire chifting-process of nterpretation,
the Interpretations they made and artculated in the lesson
appeared I their reports In the follow -up nquiry clearly.

Child 1, forexam ple, answ ered o w hy all the solutionsw ere
the sam e as, "If Im ultiply these tw o fiactions, w e can see the
answ er In the fram e of the whole, w hich equals one-half. So,
all of these are equal o the one-half of origmal" In the
follow ing-up, he ted his experience of using origam ito the
fractional multiplication. On the other hand, Chid 2
consented vigorously to Child 15 explanation above, but
answ ered o the Inquiry, "I rem em bered tw o-thirds and three-
fourths," w hich reveals his rem em brance of fragm ental facts.
Child 3 explained her solving step of the second try as, “Ifa
partof the rest (14 of 2/3) of my first answ er is com bined
w ith thisarea (1/3), I can getthree folded rectangles. This (the
answ er, 3 /4 of 2/3) has also the three rectangles. So if T folded
the paper nto the half of six parts, the three-gixths, I thought
that T could m ake the 3/4 of 2/3.” Even though this early
reference to the one-halfness could not be shared am ong
others, she w as explainable at the end of the lesson w hy the
answ erw as one-half based on herdiagram m atic understanding,
w hich could be also recognized In her follow Ing-up report.

The result inplies that the students who verbalized their
terpreations could produce durable abstract understanding .
This proposes a protest to the lecture style instruction in which
a teacherdelivered w ell-sructured explanations and students
are only silent. Instead, w e have to m ake careful analyses on
each students a1k and trigger finer nteractions to prom ote the
extemalization of thelr own explanations, ultmately t© let
them deepen their leaming by them selves.
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