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Abstract: Although word problems can be challenging for many learners, they are an
important part of mathematics instruction. This is because word problems often require
students to transfer abstract mathematical concepts to real-world situations, which can
be difficult for some individuals. In this paper, we propose a learning game names “Tri-
prop-scrabble” where learners can try to create arithmetic stories related to addition
and subtraction from among many choices and can obtain feedback. To prove the
research questions: (1) Can elementary first grade students create and chain arithmetic
stories? and (2) Are they able to enjoy this game?, we conduct a preliminary use of the
game on 44 first grade elementary school students who are the target of learning of
arithmetic word problems of addition and subtraction. they can make arithmetic stories
and some of them have made complex structures of stories. The results shows that
this game is feasible for first-grade elementary school students.
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1. Introduction

Word problems are often considered challenging for mathematics learners and a significant
amount of research has been dedicated to exploring this topic over the past 50 years. Word
problems are verbal descriptions of problem situations in a scholastic setting that raise one or
more questions. The answer can be obtained by applying mathematical operations to
numerical data found in the problem statement or derived from it (Verschaffel et al. 2000).
Solving an arithmetic word problem involves reading sentences, extracting the quantity
relationships within them, representing them mathematically, and deriving unknown numbers
(Mayer, 1992). Researchers have investigated the process of solving word problems and
divided it into two sub-processes: (1) comprehension phase and (2) solution phase (Cummins
et al., 1988) (Hegarty et al., 1995) (Heffernan and Koedinger, 1998) (Riley et al., 1983). They
have also noted that the comprehension phase plays a major role in the difficulty of the word
problem. During this phase, a learner must interpret representations expressed in words and
create quantitative relationships. This can also be related to mathematical modeling, one of
the important aspects in mathematics education, is mathematical modeling, which involves
modeling real-world problems as "mathematical models" in the world of mathematics and
solving them (Kaiser 2017). Although word problems are in a scholastic setting, if appropriately
designed and handled in a mathematics educational context, they can act as accurate and
valuable “simulacra” of authentic mathematical modeling problems (Verschaffel et al. 2020).
This requires well-defined domain and instructional model (Mitrovic and Weerasinghe, 2009)
of arithmetic word problems.

"Monsa-kun" (Hirashima et al., 2007) is a learning environment for arithmetic word
problem learning based on the triplet structure model. This is based on the triplet structure
model (Hirashima et al, 2014), which is a domain model for describing the relationship
between the text of arithmetic word problems and mathematical equations. The characteristic
of this model is that it breaks down the verbal description of arithmetic word problems into
simple sentences as propositions of each quantity element in the described situation. In
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"Monsa-kun" learners can carry out problem-posing as the integration of given simple
sentences and receive immediate feedback. Sentence-integration is an instructional model of
problem-posing in which learner can concentrate on the structure of arithmetic story not on
generating story content. Through this approach, learners can concentrate on thinking about
the relation between quantities in the situation and can also get feedback immediately.

The goal of this study is to transform the approach to thinking about the relationship
between quantities in given situations, making it a more "open-ended" task. Monsa-kun tackles
unit arithmetic word problems that can be solved with a single arithmetic operation, requiring
learners to think in a "closed-ended" way where only one correct answer exists within the given
constraints. In contrast, this study aims to introduce tasks that are "more open-ended" and
have "enlarged structures." This is based on the continuum between well-defined and ill-
defined problems (Le et al., 2013). Triplet structure model and problem-posing as sentence-
integration can be well-defined domain and instructional models because they clarify the
constraints in the domain of arithmetic problems/stories and guidelines to pose
problems/stories as well as can provide immediate feedback to learners. This study aims at
proposing a learning task as pro-ill-defined educational problem from Monsa-kun.

This study develops a learning game called "Tri-Prop-Scrabble" (Yamaguchi, 2023) in
which learners can construct a chain of stories with the rule like Scrabble (Scrabble, n.d). This
environment allows learners to create various arithmetic stories in a chain made up of single
sentences and to consider the relationship between the quantitative elements. Posing
problems is an effective way to learn a domain and posing arithmetic word problems is
beneficial to learn the structure of arithmetic word problems. Although the target of Tri-Prop-
Scrabble is not word problem but story, the basic goal is the same as Monsa-kun, that is, to
consider the relationship between the quantitative elements in stories. In addition to that, Tri-
Prop-Scrabble supports the understanding of the relationship between stories. We call this
exercise "chained arithmetic story creation" and it involves creating compound arithmetic
stories by predicting patterns for various stories with less conditions than Monsa-kun. This
activity encourages learners to think the relationship between the verbal description and the
mathematical formulas in a "more open-ended" manner in "more enlarged structures" than
Monsa-kun. The results of experimental use by high school students shows that the exercise
using the system is available for learners older than the main target of elementary school
students (Yamaguchi, 2023).

This paper reports the result of the use of Tri-prop-scrabble by first grade elementary
school students. The structure of this paper is as follows. The second chapter describe a
relationship understanding support system based on the triplet structure model. The third
chapter shows the design and the develop of Tri-Prop-Scrabble that allows learners to explore
the possibilities of arithmetic stories as the combination of single sentences and a chain of
them. The fourth chapter analyze the result of the use of Tri-prop-scrabble by elementary
school students and consider the feasibility of the exercise for learning the relation between
quantities in the situation. Finally, the last chapter present the conclusion and future tasks.

2. Modeling Arithmetic Stories with Triplet structure model

The triplet structure model is a domain model of arithmetic word problems by describing the
relationship between verbal description and the mathematical formula in a situation. This
model can be a well-defined model that breaks down the problem description into simple
sentences for each quantity element and associates their semantic quantity relationship with
the corresponding mathematical formula.

Monsa-kun is a “sentence-integration” typed problem-posing learning environment
based on the triplet structure model, where learners can create problems as a combination of
simple sentences and receive immediate feedback. Sentence-integration typed problem-
posing is a well-defined instructional model. This defines problem-posing as the task:
integrating sentences representing numerical propositions and satisfying the constraints
defined in the triplet structure model. Nakano (2002), Kurayama (2010) and Yamamoto (2012)
show the effectiveness of Monsa-kun in learning arithmetic word problems even if learners
pose problems with provided sentences. Figure 1 shows the interface of the problem creation
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screen of Monsa-kun. Learning by problem-posing is a method of learning by posing problems
rather than solving them. This can be used to support the understanding of the relationship
between elements in stories, which is important in understanding the relation between the
problem statements and mathematical formulas. Although learning by problem-posing is
considered an effective learning method for understanding the relation, it has not been widely
used in educational situations due to the difficulty for both of learners and teachers. Monsa-
kun has been developed to solve such problems and can execute sentence-integrated
problem creation on a tablet device.

Monsa-kun deals with unit arithmetic stories that can be expressed by only one
arithmetic operation and allows learners to understand the relation between stories and
mathematical formulas through sentence integration. In the triplet structure model, a unit
arithmetic story is formulated as a composition of two types of sentences: an existence
sentence that represents the existence of a quantity and a relational sentence that represents
the relationship between two quantities. A unit arithmetic word problem is a story in which one
value is set as unknown and the unknown value can be derived from known values in the story
by only one arithmetic operation. Although Monsa-kun only deals with stories that can express
quantity relationships in one operation, the triplet structure model can express complex
arithmetic stories as a chain of unit arithmetic stories. Monsa-kun encourages learners to be
aware of the quantity relationship expressed in the text.

While the task setting in Monsa-kun is "closed-ended" and "a unit structure" problem-
posing, this study aims to handle more "open-ended" and "expanded structures" than Monsa-
kun. Closed-ended environments are beneficial for learning basic structure, whereas open-
ended environments are valuable for developing creativity based on the basic structure.
Monsa-kun deals with unit arithmetic word problems and can help learners understand the
basic structure of them as the relationship of problems that meet the constraints by presenting
the conditions for creating arithmetic word problems. This system requires learners to think in
a "closed" manner about the "minimum unit structure" by creating problems that meet the
conditions.

Eignmam BI

Make a story problem about
“How many are left”
that can be solved by “7 -3 =__".

There are seven apples ]

There are three less oranges
than apples

@ __apples were eaten

[ There are __ oranges ]

Check your answer

Back

Figure 1 Monsa-kun.

To support the understanding of the relationship between the verbal descriptions and
the mathematical formulas in a variety of situations, we design and development an exercise
environment in which learners can try to create arithmetic stories from among many choices
and can obtain feedback. In the triplet structure model used in Monsa-kun, it is possible to
create multiple stories from a single sentence as shown in Figure 2 when considered without
conditions (open end), and it is possible to predict various stories. In this study, we call the
activity of assembling stories from three quantities and creating a complex arithmetic story by
continuously (compounding) creating it without conditions (open end) using some of those
guantities as "chain story creation." This activity encourages learners to think in a "more open”
manner and prompts them to think about "expanded structures" by allowing them to predict
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patterns for various stories without conditions. The purpose of this study is to create an
exercise environment that allows learners to create chain stories and consider various
arithmetic stories in a chain from one sentence that is "diagnosable by the system" and
supports the understanding of the relationship between the "real world" and the "world of
mathematics" in mathematical modeling.

3. Tri-Prop-Scrabble

We propose the learning game "Tri-Prop-Scrabble," in which, like the English word game
"Scrabble," players connect single-sentence cards to create and chain arithmetic stories as
shown in Figure 3. Players are expected to learn the structure of arithmetic stories through
exploring the potential combinations of single sentences in a chain of stories. The winner of
this game is the player who creates the greatest number of arithmetic stories. Currently, as
the first step in the design of this game, Tri-Prop-Scrabble only refers the basic rules of
Scrabble. Tri-Prop-Scrabble is designed by the fusion method for game design (Umetsu et al.,
2003). In the design of Tri-Prop-Scrabble based on Scrabble, letters are replaced with single-
sentences, and English words are replaced with arithmetic stories. The thinking required to
win this game is to consider the relation between the combination of single-sentences and
mathematical formula and it is also required learning activity for arithmetic word problems.

Combination ! ! Comparison
story story

The total number of Apples are four more
apples and oranges is ten than oranges

\ /
Partial amount larger amount

[ There are seven apples ]

Initial amount Resultant amount
y - N

decrease ; Increase
story [ four apple are eaten ] [two apple are given ] story

e =

Figure 2 an example of Possibilities of combining simple sentences.

Figure 3 Tri-Prop-Scrabble.
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For example, when playing with multiple people, at the start of the game each player
draws six single-sentence cards from the deck. In each turn, players try to create arithmetic
stories and then, if a player create a story, the player check the validity of created story using
the application named Story-AR-Checker shown in Figure 4. If a player cannot create an
arithmetic story using their hand, they can exchange one or two cards from the deck or skip
their turn. The game ends when all players cannot create an arithmetic story.

Figure 4 Sfory—AR-CheCker.

In Tri-Prop-Scrabble, learners are expected to generate as many stories connected to
the cards on the board as possible. Figure 5 shows an example of possibility for connectable
stories in the situation. The edge of the cards placed on the board can be connected to other
single-sentence cards, and players can find a place to create arithmetic stories and take out
two cards to create a story. The left side of Figure 5 shows an example situation of the field
and the hand. There are cards "There are five oranges" and "There are five apples" as the
edge on the board, and six cards are in the player's hand. Learners are asked to generate
possible stories that can be connected to the edges on the board. In this case, an arithmetic
story "There are six apples" can be created by connecting "There are five apples" — "I
received one apple" — "There are six apples," as shown in the photo on the right, and learners
are asked to create a story by connecting the cards. The player who creates the most stories
using their hand and the cards on the board wins. Through this activity, the aim is to encourage
learners to consider various possibilities of stories without any conditions (open-ended) by
combining them in a chain, promoting "more open" thinking that deals with "expanded
structures."

Each card represents a simple sentence and the color represent the types of sentences.
Existence sentence has a gray frame, and relational sentence has a frame with another color.
In this version, cards must be arranged in the order of existence sentences (gray frame),
relational sentences (another colored frame), and the other existence sentence (gray frame).
The difference in color only indicates whether the card is an existence sentence (gray) or a
relational sentence (other colors). Also, each card has an illustration that characterizes the
card for the Story-AR-Checker to recognize. This illustration is merely a technique to improve
the recognition accuracy of the Story-AR-Checker and does not represent the content of the
single sentence written on the card.

With Story-AR-Checker shown in =5 —! SETHRE DN D FH A -, players can
diagnose the validity of the arithmetic stories they have made. Learners can connect single-
sentence cards they have in hand to create arithmetic stories and compete with the number
of stories created. Learners can determine the validity of the created story by scanning the
cards with the Story-AR-Checker. The system recognizes the story created by arranging the
cards in physical space by reading the marked single-sentence cards with a tablet camera.
The validity of the story is judged based on three criteria: "problem structure," "object," and
"formula." The problem structure confirms that the created problem consists of two existence
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sentences and one relational sentence, the object confirms that the object corresponding to
the relational sentence "one unit of number" is used, and the formula confirms that the created
problem is valid as an equation. The system judges the validity based on whether the created
story meets these three criteria. In this game, players take a picture of the arrangement of
cards on the board using the camera of a tablet and Story-AR-Checker scans the cards to
identify the story created by the cards. If the order of the cards that make up the story is
identified, an indicator representing the order of the sentence is displayed on the scanned card
image on the tablet screen, as shown in Figure 4. Vuforia (PTC, Inc., n.d) Augmented Reality
SDK and Unity (Unity Technologies, n.d) are used as the development environment for this
system.

The hand

There are 3 apples There are There are Thinking for chaining
6 apples are eaten 5 oranges 5 apples arithmetic stories
There are 1 orange 1 orange 1apple 3 apples
3 oranges is eaten is eaten L' relcglved | [Greeaten
There are 1 apple There are There are There are
\33PP|ES is received ) 4 oranges 6 apples 2 apples 3
There are ‘ l?:elge:‘:sl::g;ﬂ There are O There are ‘ I?ilt')eaa;:l:st::il There are
5 " 5 appl O 5 " 5 appl
oranges oranges combined appLes Qranges oranges combined Eppres
|I 1apple
is received
There are
6 apples
The field (t =t;) The field (t = t;)

Figure 5 an example of Thinking for chaining arithmetic stories
4. Analysis of the Preliminary Use by Elementary School Students

To verify whether exercises with Tri-prop-scrabble for elementary school students can be
feasible, 44 first graders of an elementary school in Japan played Tri-prop-scrabble with Story-
AR-Checker. Due to the influence of the COVID-19 pandemic, the students played not in group
but individually. Before playing Tri-Prop-Scrabble, they had the exercises Monsa-kun and
Monsa-kun Tape Block (Hayashi, 2021). Through the exercise they had time to understand
problem posing by sentence-integration based on Triplet structure model. In addition to that,
before and after the exercises they also took the tests to solve arithmetic word problems.

The exercise including the tutorial was conducted about 30 minutes. At the beginning of
the use of Tri-Prop-Scrabble, the author explained the rules of Tri-Prop-Scrabble and how to
use Story-AR-Checker in the game. However, since this exercise was conducted individually,
there were no rules such as rotation of turns and winner determination, and participants were
simply asked to create as many stories as possible using the provided cards. The participants
were allowed to confirm the rules of the game and how to use the system by asking questions
to the authors during the game.

The research questions of this exercise are as follows:

(1) Can elementary first grade students create and chain arithmetic stories?

(2) Are they able to enjoy this game?

To confirm (1), we analyze the numbers of operations with Story-AR-Checker, stories
and chains created by the students. If the students keep trying to create stories and most of
students can create and chain stories, we can say the learning exercises with Tri-prop-
scrabble is feasible for the main target of it, first and second graders in elementary schools in
Japan. To confirm (2) whether participants can enjoy this game, a questionnaire about system
usage was conducted.
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Figure 6 is the boxplot of the numbers of operations with Story-AR-Checker and shows
that students continuously kept playing Tri-prop-scrabble. From 6 minutes to 12 minutes later,
this is just after the explanation in the tutorial and the students try to create the example shown
by the authors. From 12 minutes to 18 minutes later, the authors made explanation of the rules
again and then start the free exercise. From 18 minutes to 30 minutes later, they constantly
used Story-AR-Checker.

tutorial Free exercise
[ ]
75-
[ ]
2
S 50- @
©
8 ° | ° °
o
[ ] [ ] [ ] [ ]
25-
[ ] [ ]
— ) | L ] L ]
0.0- —_—
0 3 6 9 12 15 18 21 24 27 30 33 36

elapsed time (min)

Figure 6 Number of operations on Story-AR-Checker per 3 minutes.

Figure 7 and Figure 8 show the number of arithmetic stories and chains created by the
learners, respectively. These data show that most of student could create more than one story
and it is difficult for them to chain arithmetic stories. The median number of stories created
was 1, with a maximum of 10 and a minimum of 1. As for the number of chains, the median
number was 1.84, with a maximum of 5 and a minimum of 0. From these data, whereas most
of students could create at least one or two arithmetic stories, it is difficult for them to chain
stories. It can also be said that this is a valid result because in Japanese standard curriculum
children learn arithmetic word problems requiring multiple calculations and a chain of
arithmetic stories is the base of such problems. Although chaining arithmetic stories is the out
of the curriculum, more than half of students could chain arithmetic stories. This shows the
potential of learning for them. On the other hand, a few students created only one story
including the example shown at the tutorial. However, even such students try to create
arithmetic stories.

Furthermore, this result suggests the further potential of Tri-Prop-Scrabble, which
promotes thinking for chaining arithmetic stories, for learners. Figure 9 shows the structure of
arithmetic stories created by a learner who had the highest number of chains. The feature of
this structure is that there is an arithmetic story loop in the center. In this structure, not only
simply connecting stories but also more complex thinking is required. A loop is the minimum
structure to compose four arithmetic stories and it requires to consider the constraints of
arithmetic stories in a challenging situation. For example, by providing motivation for creating
a loop, Tri-Prop-Scrabble has the potential to offer learners a different perspective. Learners
can consider at a various level depending on their understanding on Tri-Prop-Scrabble.

To confirm (2) whether participants can enjoy this game, we conducted the questionnaire
about this game. As a result, many positive evaluations were obtained regarding playing this
game. The questionnaire results in Figure10 show that participants felt "want to try again,"
"understand how to use the system," and "the game is fun." However, some participants
answered "difficult to use" in the free description section. This suggests that there are points
to be improved in Story-AR-Checker.
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From these results, we answer yes to the research question (1) and (2). For the research
question (1): “can elementary first grade students create and chain arithmetic stories?”, the
students continuously kept playing Tri-prop-scrabble and most of students could create more
than one arithmetic stories. Even the students could not create any arithmetic stories by
themselves kept playing this game. For the research question (2): “are they able to enjoy this
game?”, most of students gave positive answers. This means learners could enjoyed Tri-prop-
scrabble as a game even though it required thinking about the structure of arithmetic stories.

8_

:

:

1

5 I
6 9

0 3

] — [ |
0 3 6 9
n.story

count

Figure 7 numbers of stories created by learners.
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Figure 8 numbers of chain created by learners.
5. Summary

In this study, we developed a game called "Tri-Prop-Scrabble" that explores arithmetic stories
as an integration of simple sentences, and a diagnostic system called "Story-AR-Checker"
that supports it with AR technology. The game allows players to explore arithmetic stories that
can be created using the simple sentences on the board and in their hands. Story-AR-Checker
uses a camera to recognize cards and judge the validity of the created arithmetic stories. Th
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use by the elementary school students as the main target of this game shows that the students
were able to create arithmetic stories, and some were able to chain arithmetic stories. From
these results, it was suggested that exercises with Tri-prop-scrabble are feasible for
elementary school students and that this exercise can be one that encourages the
consideration of the relationships between the verbal description and mathematical formula in
arithmetic stories. Of course, this doesn’t show that learning has happened, and we heed to
investigate the effectiveness of this game for learning of arithmetic word problems. In the
future, we plan to analyze practical data, expand the scoring rules to encourage consideration
of relationships, and further verify the learning effects of the proposed game.

Figure 9 chained arithmetic stories with a loop

Doyou want to try it again? _ I
Didyou understand how to use the system? _ -
Is story creation difficult? _ .

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%100%

Hstrongly agree Wagree disagree M strongly disagree

Figure 10 the questionnaire results
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