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Abstract: Inthisstudy at a Japanese high school, students quantitative literacy and especialy their ability to
utilize dgebraand functions were evauated. Mogt of the sudents are following a Humanities track rather than
a mathematics or science track. The framework and questions of the study were based on a 1992 NAEP
asessment (Dossey, 1997), but we evauated our results taking the Japanese curriculum and dally learning
environment into congderation. The purpose of this evauation is to better underdand Japanese students
performance compared to U.S. sudents and to offer some suggestions for asssting students to attain a higher
level of ability. Some students were interviewed and they stated they were trying to improve their quantitative
literacy through technologicd activities.

1. Introduction

Literacy now includes both a document aspect and a quantitative one (Daossey, 1997). Steen emphasizesthat
quantitative literacy isthe new literacy for adata-drenched society (Steen, 1999).

Quantitative literacy means different things to different people. We can find some of their ideas in “Why
numbers count” (Steen, 1997) or “What's QL/QR?’ (Briggs, web ste) (Fig.1). In dl of them, there isthe
common aspect that literacy means the ability to use mathematica skillsto cope with the practical demands
of everyday life. Furthermore, it's said thet the heart of quantitative literacy is red world problem solving
(Henry, 1997).

Moreover, in reforms to the Japanese nationd curriculum standards, it is emphasized that students ability to
reason should be developed and for that purpose the problem-solving approach to learning will be postively
adopted (Jgpanese Ministry of Education, 1998). Neverthdess, when many Japanese high school students
meet problemsin their daily liveswhich are open-ended or have many methods of solution, they are a aloss.
They know how to solve equations, but they cannot formulate equations. They know a linear function but
cannot connect it with rea phenomena. It seems that they are not good a adgpting mathematics to red

nowledge,
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Fig.l Someconcisedefinitionsof quantitative literacy



problems, and it should be noted thet this ability istill not eval uated much in Japanese schoals.

Inthe U.S,, thiskind of literacy has been investigated before, and the evauating method and the result have
been reported in detall (Dossey, 1997). Then, using the problem-solving research performed inthe U.S,, we
Investigated Japanese high school students’ quantitative literacy.

2. Purpose
Thefollowing three points were investigated.
1) How much quantitative literacy does a Jgpanese high school student have?
2) What features characterize ther performance compared with U.S. students?
3) What kind of changeswould be performed in the environment where technology can be used?

3. Methods

The Nationd Assessment of Educationa Progress (NAEP) study focused on 12th grade students and their
ability to apply mathematics to problem-solving. The study used a sample question in Dossey's report on
reforming the teaching of mathematics.  The evauation levelsfor the question were clearly described.
Task-1
Quedion: Theorigina problem wastrandated into Japanese and used in our research (Fig.2).
Subject: 76 studentsin the second grade of high school (16-17 year old students).
The high school a which they study is an average level Japanese high school.  Mogt of these students are
not taking a concentrated math and science course load.
Dateandtimelimit: March, 2002. Students were given 30 minutes to answer the following question.

Problem: This question requires you to show your work and explain
your reasoning. You may use drawings, words, and numbers in your
explanation. Your answer should be clear enough so that another
person could read it and understand your thinking. It isimportant that
you show al your work.

The darkened segmentsin the figure above show the path of an object
that sarts at point A and movesto point C a a congant rate of 1 unit
per second. The object's distance from point A (or frompoint C) isthe  &1are
shortest distance between the object and the point.

Quegtion: In the space below, complete the following steps.

a) Sketch the graph of the distance of the object from point A over the
7-second period.

b) Then sketch the graph of the distance of the object from point C
over the same period

¢) On your graph, labd point P at the point where the distance of the |
object from point A isequd to the distance of the object from point C. |

d) Between which two consecutive seconds is the object equidistant 0 1 23 465 &6 7
from pOI ntsA and C? Time [seconds)
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Fg.2 Origind question (NAEP)



Task-2

Quedtion: The origind problem's mathematica content is oriented toward agebra and functions and the
question proceeds dong these content areas. But, other modding and solution methods can be congdered. As
the ability to choose amode for this problem is aso important, we extended the question and tested a new

group of sudents (Fig.3)

Subject: 79 sudents in the second grade of high schoal (16-17 year old sudents). They are different sudents

from thosein Task-1 but they are dso not taking heavy math and science courses.
Dateandtimelimit:  June, 2002. Sudents were given 20 minutesto answer the following question.

Problem: (seeFig. 2)
Quedtion:

B

a) Explain the distance of the object from point A over the 7-second period.

You may use drawings, words, and numbersin your explanation.

b) Then explain the distance of the object from point C over the same

period.

¢) Mak point P in the figure. Point P is where the distance of the object

from point A isequd to the distance of the object from point C

d) Between which two consecutive seconds is the object equidistant from

pointsA and C?

Fg3 BExtended question
Interview

A totd of four sudents from Task-1 or Task-2 were sdected and interviewed. While we asked them how to

solve this program, some technica suggestionswere given to them.

4. Reaults
Task-1

1) TheNEAPrubric evduation scdeand The U.S. and Japanese scores are asfollows (Fig.4).
——The LS.

Score & Discription

Extended
Complete, correct answer

Satisfactory
Both graphs are correct. P is located correctly or the time of
equidistance is correct.

Partial
At least one graph is correct. P is located incorrectly. OR both graphs
incorrect, but P is located correctly.

Minimal
At least 2 points are plotted correctly on at least one graph that is not

just a reiteration of the position graph; i.e., a plot of distance versus time.

Incorrect/Off Task
The work is completely incorrect, irrelevant, or off task.

Omitted Item
No answer
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2)

3)

4)

5)

6)

7)

The percentage of correct answers is dmos the .  gRmbped

same, but Jgpan has many sudents of a higher f o 0 e | o< om
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The no answer rateis 38.5%, much larger thanthe (/[ 1 o, ’ e A

US rae ' 1 ... £l ."'.,_'{ L, ;

16% of students used the Pythagorean theorem to i A - T

cdculae disgance. Compared with Task-2, it isa .« i |
low vaue. —

There were many graphs in which only the fire  Fg.5 Sudents confused by incorrect square root
and lagt points were caculated and then connected
with a graight line even though this portion of the
graph was a curve. Although some students were
invedtigeting the middle points, since they could ¢~ @0
not get the gpproximate value of the souare roots, L1 ] | |8
they connected the firgt and last pointsin a straight
line

The vaue of sguare root was inaccurate, some
sudents got confused (Fig.5). ; : - :
A student expressed a curve with alinear formula. : 3 S P T
and solved point P by usng smultaneous linear

equations (Fig.6). Fg.6 thesmultaneouslinear equations

Task-2

1)

2)

3)

4)

5)

6)

Before this investigation, the following three were expected as modeling and the solving method of this
problem (Fig.7). The result was categorized by theway of approach (Fig.8).

Since how to solve was chosen fredy unlike Task-1, the rate of no answer exceeded 42% and Task-1
further.

One student gave no answer but she had erased her incomplete correct solution. Weinterviewed her.
From the words "the equa distance”’, one sudent remembered the perpendicular bisector and consdered
a solution using geometry. Although no correct answer was achieved, it was interesting to see how the
problem was mode ed mathematicdly. We discussed thiswith the student.

About two months ago, the students had learned the formulawhich expresses the distance for two points.
Although it was expected they would use the andytica geometry-method, no one used it.

Therate of students who ca culated one or more distances by Pythagorean theorem is 32%. This higher
rate seems to be related to the fact that the students had recently studied this point in class. However,
most students only caculated the distance between A and C. The other distance vaue cannot be
cdculated easily sncethe object ismoving.
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1) Algebra and function 2) Geometry 3) Analytic geometry
Ateble->greph perpendicular bisector of  Using formulaf distance for two points
gRreed anintersection AC | Object's position (0- 4seconds)  (0)

Somda of the gaph > Vf,r;(;:-/ mterf%lon Otfhig Distaxiefromf (OQO) to o?ea2
~>smultaneous equations are perpendicular bisector | d=+/(0-0)%+(y _0)
solved Digtance from C (3,4) to object

d=(0-37+(y-4
Solving an equetion.

Fig.7 Thethree solving methods we expected

How to approach %
Algebra and |They made a table 7|, b
function  |They made a table and plotted 3 Lo
Geometry |Only one used this approach 1 o
Analytic No one did it 0
geometry A S
They connected point A with point C 14 _—
Not clear |They calculated distance between Aand C | 12| 37 oo
They expressed a change of distance 11 _ , ! ! !
No Three student computed something and 42 | |
response |erased all of them

B 2% 40% B0%  B0% 100K
Fg.8 Resultof Task-2

Interview - T=Teacher; S= Student

1) Thesudent who wrote nothing on the paper.

T: Did you undergtand the shortest distance?

S: Thelength between two points connected by the straight line.
T: How do you writeit by afigure?




S (Fgurewasdrawn.)
T: Why didn’t you explain?
S | didn't know how to explainit.
T: While moving from B to C, how much of achangein diganceisthere?
S Although the distance becomeslonger and longer, | don't know how to cdculateit.
T: Do you know the Pythagorean theorem?
S Yes.
T: (connecting B and A with the object’s position at the 5 second point )
Wheat do you think about thistriangle?
S 4417 =7,

2) The student who stopped athough the table was made and apart of the straight line had been drawn.

T: Why did you stop?

S 1 did not know thevalue of /17 .

T: Do you esimate it roughly?

S Itsmorethan four.

T: You understand gpproximatdly. If you use a caculator, you can cdculate not only 4, 5, 6, and 7 seconds
but a0 the times between them.

(Wetook many points and plotted them on a spreadshest.)

S Isthisaparabola?

3) Thedudent who made ageometric model
S: | imagined the same size cirdesdrawn from A and C (Fig.9). R [ sent
T: Whereis point P? S s

S. The place where two cirdles touch. | think it's necessary to just ST R
draw a perpendicular bisector. P is good anywhere, if it is on a FigEem e
perpendicular bisector. |
T: Heisnot only walking thisway. Bee

4) The student who had changed her passive knowledge into active _
knowledge. | st '

She solved it by Smultaneous equiations (see Fg.6). Tz

T: What did you think of this method?

S | had solved such a problem before, and remembered using Fig9 Geometric mode
smultaneous equetions.

T: Isthisanswer right?

S Strange! It should not become the same distance within 1 second. (She did not look &t the graph, athough
it was available. She did not use the graph for her explanation. )

S | seed My caculation wasincorrect.




(Shetried torecdculateit.) 3.33 second. It'sOK.
T: Isit adraight line? Because you know how to calculate a distance, let's investigate this period in more

detail.
(She calculated and put her resuits =t mEn
into the oreadshedt) 100} 100 424 | P —— —
S It'sdrawing the curvealittle. 300 |[ a0 . ey S f't 1
' = e ™ A e
(She put many lines in the figure :E 50 ffn] 40K ]1-'- 310 313 |
and confirmed it.) GO0 ag [--teiocdoopert 340] g | 35p| 330 :
T L o oy . .r_- :
S. But snce | do not know the A0 fo-ieoroood ;;n] - ]1 P I :
formula of such a graph, | cannot 20 [ooi-t-t-fon B0 ALY A :
. ; i =B AL i
solvethis problem. (RTINS Rt 1 1+ FANTT: .
. : am| A g M o
T: What do you want to do? o Moo, Tic |
i 00 1020 30 405 300 . 312 bo--plray
S: | want to look for the point that - | 320 ’ :
has the same distance. b “W‘ﬁ
T. Then le's cdculae many
distances and investigate them. Fig. 10 understanding to solving an equation.

S Is it near this point? |1 can

goproach this point closer and

doser (Fig. 10). At sametime, two points of the graph are aso gpproaching. The point where the two graphs
intersect isthe solution of the equation.

S Although | recognized that solving the equation requires transforming the equetion to the form "x=", |
though the meaning islikethis. If | use this method, many kinds of problems can be solved even though their
formulas are not known or their formulas are more complicated.

5.
1)

2)

3)

Discusson

Although the Pythagorean theorem is known, students cannot use it where it should be gpplied. Even
though some point of knowledge or method has been learned in arecent class, most students cannot put
ittouse. Evenif itisgpplied immediately after the class, therate of retentionislow.

In the results for Japanese students, there are many students who provided no answers (Task-1: 38.5 %
Task-2: 42%) or did not write their idea clearly. While solving the problem, they had no firm confidence
in the method they were trying to use. Some of them erased the solution before they finished it. In the
case of Task-2, many students did not understand how to gpproach the problem and they were puzzled.
However, if asolution method was suggested beforehand, asin Task-1, the sudents were able to achieve
aremarkablelevel. The passve approach to problem-solving was sometimes obvious.

When taking up the two above mathematica problemsin Japanese high school classes, they are usudly
solved with asystem of equations, rather than drawing graphs and reading intersection Pfrom the graphs.
One gtudent actudly took this gpproach, even if she did not obtain the solutions. Since a deductive
method is emphasized, most students think they must use equations to solve the problems. The fact that
graphs can aso be used confuses sudents and is one reason why they sometimes provide no answer or



4)

5)

6)

7)

1)

2)

don't have confidencein their idea.

In Japanese math classes, sudents are taught to solve problems using the best and clearest method. The
gudents then memorize that method. Therefore, sudents believe that there is only one right method
which must be used o they rarely gpply the trid-and-error method. It is necessary to further evaluate
how students solve problems, and to encourage them to more fredy agoply ther idess ingtead of
responding passively in mogt Stuations.

Japan isranked fairly high in math related research done by organizations such as |EA (Nationd Indtitute
for Educationd Policy Research, 2001). The experiment described in this paper does not necessarily
reflect the Stuation in al of Japan. The Japanese high school students sampled in this study were from
only one high school and they are not taking extra math or science courses. However, if quantitative
literacy is necessary to goply mathematical knowledge and kill in ared life problem, it cannot be said
that quantitative andysisistruly taught in Japan.

In Japan, because dmogt dl lessons follow the smultaneous style, there are few opportunities for the
students themsdves to acquire active knowledge by the discovery method. They tend to be given alot of
knowledge and that influence is reflected in thefirst haf of this paper. Then, in theinterview, wetried to
change the passive knowledge given by thelesson into active knowledge by using technology.

Active knowledge is demondrated by;

- peforming correlation with other knowledge;

- peforming various expressons,

- connecting with many examples of gpplication;

The girl in the previous example solved an equation using various gpproaches, subgtituted many
numerica vaues and explored many graphs. She recondructed the meaning of solving equations. She
changed the meaning from transforming the equetion in the form "x=" to looking for the point where
two points teke the same value. We can see this as an example of a sudent developing an essentid and
flexible understanding by hersdlf.

While sudents were solving the problems, they sometimes|ost their confidence and stopped trying even
if they had made a good gart. They were unsure how to begin complicated caculations or they were
confused by wrong caculations. During the interviews, the following cases were recognized. When the
vaue of a square root was determined by a cdculator, sudents were able to achieve a degper leve of
solution to the problems or they had more confidence in their solutions. They investigated more deeply
using their own ideas and by examining feedback from their calculaions. Moreover, caculator software
which provides an easy graph to work with gave sudents more confidence to try new gpproaches.

Conclusons

Japanese high school students are not good at adapting mathematical knowledge to an actud problem
evenif they haveit. Their knowledgeis passve, not active. Although, according to PISA(PISA, 2000)
aJapanese sudents ahility to gpply mathematics has been ranked number onein theworld, it ssemsthat
there are few studentswho are actualy cagpable of usng mathematica knowledgein red life Stuations.
In Jgpan, there are many students who do not have confidence in their own ideas and who are wegk in



communicating ther idess and expressng ther opinions.  In problem- solving, they will use the
gereotyped method which has been taught to them in school rather than trying to think for themsdves.
We think that their attitudes are dso influenced by their teachers evduation style and how the teachers
managether classes.

3) The following cycle was recognized when students used smple technology such as cdculators or

graphing tools
The students have anew idea
They confirm it with the technology
They are pleased to receive some reaction and has more confidence
They havefurther interest
They goto the next sep
It'spossible that the sudentswill then progressto the next step by themsdlves,
4) Smple technology had become the tool which changed passive knowledge into active knowledge, and
the tool which supported sudents own active atitude.
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