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Abstract: We have developed an interactive environmentdarring by problem-posing
targeting arithmetic word problems that can be exdblgither by addition or subtraction. In
our previous work, the environment was used bydtbir fourth grade students who have
already acquired ability to solve the targeted fmots. Therefore, problem-posing was an
additional practice for the students and the pwpdshe learning with the environment was
sophistication of their ability. In this paper, ptiaal use of the environment for the first
grade students is reported. Just after the clagg@®blem solving of the arithmetic word
problems, the way of problem-posing itself was taug classes, and then, the environment
was used as exercise of the problem-posing. Thrthiglpractice, we have confirmed that
(1) the first grade students were able to poselenab in the environment, and (2) the
practice to pose problems improved their ability ooly in problem-posing but also in
problem-solving.

Keywords: Problem-posing, Sentence-integration, Teachinghatgt Problem structure,
interactive learning environment

Introduction

Design and practical use of a teaching method iiclwllearners learn problem structures of
arithmetic word problems through problem-posingescribed in this paper. Learning by
problem-posing is well known as an important wapromote learners to master the use of
solution methods [1, 2]. Several researchers hleady suggested that understanding the
problem structure is important to solve arithmetard problems and poor problem solvers
often fail to elicit problem structures from theoptems [3-5]. We have continuously
investigated technology-enhanced learning by prokpesing in arithmetic word problems
and practically used a developed learning envirarinfee called the environment as
“MONSAKUN?” (problem-posing boy in Japanese)) foufth and third grade students in an
elementary school [6, 7]. In these projects, altfiowe have defined problem structures of
several types of arithmetic word problems, thecttmes were only used by MONSAKUN
in order to diagnose learners’ problem-posing sigtea series of problem-posing exercise.
Based on the practical uses of MONSAKUN for foaass, we (including responsible
teach of the elementary school where we have usetl®&AKUN) planed to teach the
problem structures used in MONSAKUN and to carriyexercises of problem-posing with
MONSAKUN. The participants were the first grade demts just after they learnt
problem-solving of the word problems. Through tinacgical use, we have confirmed that
(1) the first grade students were able to poselenod in the environment, and (2) the
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practice to pose problems improved their abilityt mmly problem-posing but also
problem-solving.

In previous researches of MONSAKUN, students wéneehalready acquired ability to
solve the targeted problems were subjects. Thexefmoblem-posing was an advance
practice for the students and the purpose of tlaenieg with the environment was
sophistication of their ability. In contrast, thebgects of this practice were the first grade
students who had classes of problem solving ofatitemetic word problems just before
this practice. In this practice, the way of problposing itself was taught by a teacher, and
then, problem-posing with MONSAKUN was used as eiserto operate the structures.

In this paper, in the next sections, the problémctures and their classification are
explained. Teaching method of the problem strustwéh MONSAKUN used in this
practice is explained. MONSAKUN used in this pregtwere able to be used with a tablet
PC and wireless LAN. We call this version as “MONSAN Touch”. This improvement is
indispensable to realize this teaching methodusual classroom. This improvement is also
explained in Section 2. In Section 3, procedungrattical use of MONSAKUN Touch and
analysis of the results are described.

1. Problem Structures Used in MONSAKUN
1.1 Problem Structures

We have proposed a model to describe problem ategbf arithmetic word problems that
are solved by one operation of either additionuitigction. From viewpoint of calculation,
the word problems include two given numbers andregaired number. By operating with
the two given numbers, the required number is @drivn the model, therefore, a word
problem is composed of three sentences, that ssémtences express two given numbers
and one sentence expresses one required number, &lexry word problem has a cover
story. In many investigation of arithmetic word plems indicated that there are four types
of cover story, (1) increase-change, (2) decreasege, (3) combine, and (4) compare [8].
These cover stories express one numerical reldgiween two numbers. The relation
corresponds to an operation, that is, addition abtraction. For example, in
increase-change story, there is one number at éinst then, a number that is added to the
first number is shown. At last, the number after dladition is shown. For example, in case
that “Tom has 3 pencils” is the first sentence,fiTbuys 2 pencils” is the second sentence,
and “Tom has 5 pencils” is the last sentence, iheetsentences form one increase-change
story. Then, the numerical relation in the coverysts 3+2=5.

In MONSAKUN, we have expressed each type of stoyyusing two “existence
sentences” (corresponding to the first and thedastence in the above example) and one
relation sentence (to the second sentence). Wéeheadleries of sentences as “cover story”.
A problem is specified by the location of requiragmber. In case of the above example,
there are three problems is included in the coweysFor example, if the number included
in the first sentence is set to required numbgmadlem that includes numerical relation
expressed as “?+2=5" can be generated. The problem, can be solved by “5-2”". The
equation expressing the numerical relation includedhe problem is called “story
operation structure”, and the calculation thatssdito derive the required number is called
“calculation operation structure”.

In MONSAKUN, a problem is composed of three seoésn Then, a problem is
categorized by (a) cover story, (b) story operastmcture, and (c) calculation operation
structure. Figure 1 shows several existence seesesad relation sentences. By using the
Sentence-1, Sentence-5 and Sentence-3 in this, argeoblem that is “combine” in cover
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story, “5+7?=8" in story operation structure, and5'8in calculation operation structure is
generated.

existence sentences relation sentences

- i S-1 [ There are five apples. ]
S-1 [ There are five apples. ] S-4 [ Several apples were picked. ]

S-3 [There are several oranges.]

oranges in total.

S-2 [ There are eight apples. ] S5 [ There are eight apples and )

S-3 [There are several oranges.] .
oranges in total.

S-5 [ There are eight apples and }

Figure 1. Order of Simple Sentence (Combine Probhe)
1.2 Task Model of Problem-Posing

We have already proposed a task model of problesirgdoased on the expression of the
problem structure [9]. The model is shown in FigRré&roblem-posing task is divided into
four tasks (1) decision of calculation operatiorusture, (2) decision of story operation
structure, (3) decision of cover story and (4) dieci of three sentences. A learner should
complete these tasks to pose a problem corredaliygtinthe execution procedure of the tasks
is not decided in the model. So it is importanutalerstand the task model of problem
posing for problem solving because this task madehns the relations between the
problem structures to constitute a problem. In M@KBUN, difficulties of
problem-posing are interpreted in the task model.

If operator (+ or -) of calculation operation stiwre is the same one with the
calculation operation structure, understandingctheer story is almost same as solving the
problem. We call such a problem as “forward-thimgkproblem”. Then, if operator (+ or -)
of calculation operation structure is not the saome with the calculation operation
structure, it is necessary to transform the st@sration structure to calculation operation
structure after understanding the cover story. Alstich a problem as “reverse-thinking
problem. Because the learner is more required nopeehend the relations between two
structures, the reverse thinking problem is moffecdit than forward thinking problem.

deciding calculation
operation structure

deciding story
operation structure

| +y=x | | y+?=x | | x-?=y =? =7 x+y="? | | ?-y=x || ?-x=y |

deciding cover
story

Combine problem | | Change problem-increase | | Change problem-decrease | | Compare problem

deciding problem

sentence 4

Sentence Concept Number || Sentence | Concept | Number || Sentence | Concept | Number || Sentence | Concept | Number
structure | structure | structure || structure | structure | structure || structure | structure | structure || structure | structure | structure

Figure 2. The Model of Problem-posing
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2. Teaching Method with MONSAKUN
2.1 Teaching by a Teacher

We have designed a teaching method based on thdeproand we have developed
MONSAKUN based on this structure. The teacher teadhe problem structure on the
black board by using several sentence cards tleapats of problems. The teacher also
prepares several cover story name cards, storyatipercards, and calculation operation
cards. These cards are provided to the learnexsexgiest of problem posing. For example,
the teacher requested learners to pose problernsahde solved by a specific calculation
operation. The teacher lets the students pose ribl@depn which will be solved by the
prepared calculation expression and story by selgseveral sentence cards and arranging
them in a proper order.

In this process, the teacher teaches the stutlemtsroblem structures described in
Section 2. This teaching consists of five conte(ity;simple sentence is composed of an
object or event, countable attribute and a valudefattribute, (2) problem is composed of
two existence sentences and one relation sent@)amver story, (4) calculation operation
structure, and (5) story operation structure. (gl €2) correspond with the problem
sentences of the model shown in Figure 2. Firditly teacher presents one simple sentence
card to students from prepared cards, and he/slcbdes the elements of simple sentence.
This teaches contents (1). Secondly, the teaclesepts the students to one simple sentence
card from prepared cards one after another. Thenlearner answers whether presented
simple sentence card is necessary to pose a prabl@wt. They are also made to answer
about the reason why a card is necessary. Theglswemade to answer about the reason
why a card is necessary, and the teacher explgrabéem structure based on their answer.
Through this teaching, the students understandotlwving; (2) problem is composed of
two existence sentences and one relation sent3)ce sentence representing each story, a
relations among them, and proper order of simphesees in each story, (4) calculation
expression to represent a story directly, and @gutation expression to find an answer.
The relations among these structures are also taugh

2.2 Interactive Environment for Learning by Problem-jpgsas Sentence Integration

We have used MONSAKUN at an elementary school four fyears. However,
MONSAKUN could be used only in a computer room lsea previous version of
MONSAKUN was implemented on the desktop PC platfodm this practice, the
responsible teacher hoped to let learners nottonlige MONSAKUN as exercise but also
to receive lectures of problem structure as uslaaises. Therefore, we have implemented
MONSAKUN on tablet PC platform so that the teachas able to use it in the usual
classroom. We named it MONSAKUN Touch. In this feag environment, the learner
selects the difficulty of problem-posing task befearrying out a problem-posing exercise.
After that, a learner is presented the problemsmpsirea shown in Figure 3 to a learning
environment. The area on the left side is problemmosition area. At the top, a calculation
expression and story is given. Several sentenas @e presented at the right side of the
interface. The learner poses the problem by moaisighple sentence card with a finger and
putting a card into blank. When a learner finislpesing problem, he/she can push a
diagnosis button under the problem composition .afdeen the system diagnoses the
combination of sentences, and shows the resuliseofliagnosis and message to help the
learner's problem-posing on another window. Thersistem diagnoses the combination of
sentences, and gives messages to help the legradafem-posing on another window. The
messages composed of two kinds of indications,®malication of correct or incorrect of
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the posed problem and the other is indication afngrcards. Former indication is called
Flag Feedback and the latter one is called Poirting [10].

I Task.1 I

Pose a problem that can be solved
by “7-3" and “Change problem-
increase” .

® Tom has 7 pencils.
® Ken has 3 pencils.
> emmm———— S

I Check the problem I
Back )

Tom buys several pencils. j

[ Tom has 3 erasers. ]

[ Ken has 3 erasers. J

Figure 3. Interface of MONSAKUN

3. Practical Use of MONSAKUN Touch and Teaching Method
3.1 Procedure of Practical Use

The subjects of our experiment are 40 studentkarfitst grade of an elementary school
(one student absent from the pre-posttest andiquesire). The arithmetic word problems
are usually taught on the first grade of elemengéahpols, but the problem structures are not
taught explicitly. In this practice, the problemusture of arithmetic word problems used in
MONSAKUN Touch were taught explicitly and carriedt@roblem-posing exercise with
MONSAKUN Touch as exercise to operate the problanrctire. This practice used nine
lesson times (45 minutes per lesson, 3 weeks, 89)d8yudents took the pretest before the
period, and took a posttest and questionnaires thigeperiod. Each test took 45 minutes.
Problem-posing exercises divided into 6 levels.t€ots of each level are shown in Table 1.
The levels categorized by (1) forward-thinking ewerse-thinking, (2) story operation
stricture given or calculation operation structgreen, and (3) cover story. In a level,
students were required to pose problems followirayipded story operation structure or
calculation operation structure and cover storyweZatories were excerpted from several
textbooks. Also, if the student finishes problensipg exercise in a level in a class, he/she
repeats the same level exercise.

In this practical use, students used the MONSAKIdNch as an introduction of new
level problem-posing (5 min) at the beginning alass. The students, then, are taught the
problem structures by the teacher on blackboard r(86). Finally, they used the
MONSAKUN Touch as confirmation of teaching (5 mifhe teacher has taught the
problem structures and its relations by using #aehing method explained in Section 2.

In pre- and post-test, we used the same probléringdest and problem-posing test.
Problem solving test used to assess the studemwislepr solving performance. In
problem-posing test, the students are requiresse four problems by composing several
sentence cards provided beforehand. This test &d u® examine the student's
problem-posing performance.

Table 1. Level that Implemented by MONSAKUN

Level | Number of task Kinds of problem Kinds of problem-posing task Story structure
1 12| forward thinking problem story operation structure combine: increase: decrease* prepare
2 3| forward thinking problem story operation structure combine-increase
3 12| reverse thinking problem story operation structure combine increase: decrease: prepare
4 3| reverse thinking problem story operation structure combine-increase
5 12| reverse thinking problem | calculation operation structure | combine: increase: decrease: prepare
6 12 random
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3.2 Analysis of Log Data, Questionnaire and Studentadle

Figure 4 is the rate of correct problems that weyeed on MONSAKUN Touch in each
class. Vertical axis shows the rate and numbeowogct problems. Horizontal axis shows
the days of practical use and the level that cpmed to it. And the number of students that
finished posing problems in each level is showmable 2. The students performed level 1
and 2 during the 3rd day from the 1st day, levah@ 4 during the 6th day from the 4th day,
and then, level 5 at the 8th day. The teacherénaght the problem structure corresponding
to level 5 in detall in the 7th day. The task indE5 is very difficult for learners, because it
requires them to pose reverse-thinking problems ftalculation operation structure. Then,
problem-posing with MONSAKUN was not carried outthre 7th day and took almost
double times for the exercise on the 8th day. fjufa 4, a rate of correct problems increased
between 1st and 2nd days and between 4th and $th Bat a rate of correct problems
decreased between 2nd and 3rd days and betweemd&tbth days because the students
worked on the new problem-posing task respectivelsate of correct problems decreased
sharply 8th day because the students were requaneose reverse-thinking problems from
calculation operation problems as a task in levelliese results suggested that teaching
method about the task to present story operatraotsite was effective for understanding of
forward thinking problem and reverse thinking peshl But it is necessary for teaching
method about the task to present calculation ojperatructure to be improved.

The results of the questionnaire are shown in&8blAlmost all students agreed that
problem-posing exercise by using MONSAKUN and dffecto learn, but, we supposed,
because of level 5, many students answered thdepngbosing is difficult. The teacher
agreed that it is easy to teach problem-posingyusiiablet PC in the general classroom, and
he said that he want to use the MONSAKUN in his€ld8ut, also he suggested that it is
necessary to improve the sentence of feedbackoaexibtind the kinds of feedback.

Through this teaching method, the student wasiredjto explain not only by using
the block but also by using the problem structaresits relations. For example, the student
said that, this problem story is increase so theroof the simple sentence card is decided.
Also, they indicated the problem has story opemasitructure and calculation operation
structure. They called story operation structutterisexpression” and called calculation
operation structure "calculation expression”. Thessults suggested that this teaching
method for problem structure using MONSAKUN Touchsweffective to learn problem
structures and its relation.
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Figure 4. Rate of Correct Problems
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Table 2. Number of Students that Finished PosingrBblems

Level 1 2 3 4 5 B
Number of students 39 39 39 38 39 23
Number of not finished students 3 1 11 0 17 18

Table 3. Results of Questionnaires

Strongly ) Strongly
Agree Agree | Disagree Disagree
1.Do you enjoy posing problems in arthmetic? 35 3 0 0
2_ Are arithmetic problems easy to pose? 8 7 19 4
4_D_0 you think that posing problems made it 20 17 4 0
easier to solve problems?
7. Would you like to attend arithmetic classes
S 36 2 0 0
where problem posing is used?

3.3 Analysis of the Pre- and Post-test

The results of pre- and post-test are shown inelfdldand Table 5. And the scene of using
MONSAKUN Touch is shown in Figure 5. The full maxdsproblem-posing test are 4. The
problem-solving test is composed of 9 forward-timgkproblems and 8 reverse-thinking
problems. So, the full marks of problem-solvingarfvard-thinking problems are 9 and the
full marks of problem-solving of revers-thinking gimems are 8. In the scores of
problem-solving test shown in Table 4, there wasgnificant difference in the scores
between pretest and posttest of reverse thinkirgplems (two sided p-values from
Wilcoxon matched-pairs signed-ranks test with adiroa for ties,p=.009), and effect size
is medium (||=.45). These results suggested that explicit iegaf problem structures was
effective to understand the reverse thinking pnoblén problem-posing test, there was a
significant difference in the between pre-test gogt-test as for the number of correct
problems at reverse thinking problems (two sidadloes from Wilcoxon matched-pairs
signed-ranks test with correction for tigs,.0006), and effect size is medium#£|39). In
contrast with this, the number of correct probleanh&rward thinking problems decreased.
These results suggested that the students woulvbee of the difference between the
reverse thinking problems and forward thinking peots. Based on these results, we have
judged that this teaching method with MONSAKUN Thus a promising way to teach
arithmetic word problems.

Table 4. Results of Problems Test (*1% significant

forward thinking problem [ reverse thinking prablem

ore-test M 8.82 7.13%
SD 0.6 0.65

post-test ! 8.71 766"
SD 0.39 1.28

Table 5. Results of Problem-posing Test (*1% sigficant)

Mumber of Mumber of correct prokblems Mumber of
problem—posing | forward thinking problerm | reverse thinking problem | wrong problems
pre—test 372 154 074% 144
post—test 3.87 144 1. 44% 1
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Figure 5. Scene of Using MONSAKUN

Concluding Remarks

In this paper, we have described the practicalofigke learning environment for the first
grade students in introductory phase of arithm&bod problems. For using the interactive
environment for learning by problem-posing in tleaeral classroom, we have developed a
learning environment can use on tablet PC, andydedithe teaching method. Then, in this
class, the teacher taught problem structures andelations that were implemented in
environment, and the environment was used as eeecofithe problem-posing. Through
this practice, we have confirmed that the firsidgratudents were able to pose problems in
the environment, and the teaching and using legmiwvironment are improved their ability
not only problem-posing but also problem-solvingha reverse thinking problem. Also, it
is accepted by students and teachers as an effeetching method. As our future works,
monitoring of learners’ problem-posing behavior atedection of their errors aiming at
remedial feedback for their problem posing is orfetlle most important issues.
Sophistication of the task model of problem-posang evaluation of learning effect of the
teaching method with MONSAKUN is also importantufte works.
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