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Abstract

The arithmetic word problem enables students to apply their arithmetic skills
to solve the problem in application level arithmetic of Bloom’s taxonomy.
However, it is costly and time consuming to construct new arithmetic word
problems due to the complexity ‘of combining the different arithmetic questions
with the various and reasonable scenario. .In this thesis, we aim to apply
Folksonomy-Based approach to collecting teachers™ knowledge consisting of
Question Scenario and-Question Structure. We proposed an Arithmetic Word
Problem Frame Hierarchy knowledge representation to represent these question
structure because inheritance property of frames is appropriate to represent the
category structure of arithmetic. word problems. The'proposed Arithmetic Word
Problem Grammar can facilitate, the maintenance of arithmetic word problems
and their evolutions including Self-Evolution and Collaborative-Evolution.
Self-evolution changes the arithmetic logic to generate different problems. And
collaborative-evolution integrates two question structures into a new question
structures. Besides, the rules embedded in the frame can be used to apply different
scenario to the question structure; thus a large amount of arithmetic word
problems can be generated. We have also constructed a Folksonomy-Based Item
Bank management system (FIB) to evaluate the satisfaction degree of FIB. The
evaluation results show that most of elementary school teachers satisfy with our
proposed system.

Keywords: Folksonomy, Frame-based knowledge representation, Automatic

generation, Context-free grammar, Arithmetic word problem
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CHAPTER 1 INTRODUCTION

In elementary school education, learning of arithmetic is very important to
develop students’ science and mathematics basic ability. According to the
cognitive domain of Bloom’s taxonomy[1], the knowledge of a domain consists of
six cognitive levels: Knowledge, Comprehension, Application, Analysis,
Synthesis, and Evaluation. The pure arithmetic questions can just train and
evaluate students’ arithmetic skills in knowledge and comprehension level. Thus,
the arithmetic word problem with embedded arithmetic question and the
corresponding real scenario can enable students to apply their arithmetic skills to
solve the problem in application level.

In elementary school arithmetic skill iearning, the drill and practice approach
[2, 3]is usually used to make students_ master the grithmetic word problem solving,
so a large amount of arithmetic word problems are.needed to prevent students
from just memorizing the answers of the used arithmetic word problems. However,
it is costly and time consuming to construct new arithmetic word problems due to
the complexity of combining the different arithmetic questions with the various
and reasonable scenario. Therefore, how to assist teachers to construct more
arithmetic word problem and reduce the constructing cost is an important issue.

Previous researches aim to use predefined question template to automatically
generate different questions to reduce the question constructing cost, where the
examined background knowledge, such as ontology or activity diagram, is
required during the generation of the questions about the background knowledge.

The various structures of arithmetic word problems, named Question Structure,

1



are used to examine various arithmetic skills. Previous researches do not consider
the possibilities of generating various arithmetic word problems from predefined
question templates; moreover, they do not take scenario effects into account. In
other words, for a given question template, our goal is to generate different
questions from different scenarios.

In this thesis, we aim to apply folksonomy-based approach to collecting
teachers’ knowledge about arithmetic word problem because a large amount of
ideas of arithmetic question structures and question scenarios generated by
different teachers can be shared and reused in order to reduce teachers’ effort to
construct arithmetic word prablem. In order to facilitate managing and reusing the
shared arithmetic  word problem- knowledge, frame-based knowledge
representation is used to represent these problems because the questions of the
same question structuré are stereotyped and the inheritance property of frames is
appropriate to represent the category structure of. arithmetic word problems.
Besides, the rules embedded in the frame can be used to apply different scenario
to the question structure; thus a large amount of arithmetic word problems can be
generated.

Teachers often construct various arithmetic word problems via transforming
the arithmetic logic embedded in one arithmetic word problem. By our
observation, production rules in context-free grammar are appropriate to describe
this kind of transformation. Besides, applying context-free grammar can facilitate
maintenance of arithmetic word problems and their evolutions including

self-evolution and collaborative-evolution. Self-evolution changes the arithmetic



logic to generate different problems. And collaborative-evolution integrates two
question structures into a new question structures. More specifically, the
arithmetic word problem knowledge provided by multiple teachers can be fused
and evolved to generate more questions by applying some specific production
rules.

The expert-designed questionnaires are used to evaluate the degree of usage
satisfaction of the proposed Folksonomy-Based Item Bank management system
(FIB). The FIB is constructed based on the folksonomy-based approach we have
mentioned above. 100 elementary school teachers are involved in evaluating
FIB. The evaluation results show that most of elementary school teachers satisfy
with FIB.

The remainder of the article is organized as follows. In Chapter 2, we will
introduce previous reseérches related to automatic generation domain. In Chapter
3, we will introduce a folksonomy-based approach and the context-free grammar
for describe and evolve the collected knowledge. The architecture and main
functions of proposed Folksonomy-Based Item Bank will be described in Chapter
4. In Chapter 5, we will discuss the experiment result. Finally, Chapter 6 gives the

conclusion and future work.



CHAPTER 2 RELATED WORKS

The previous researches aim to reduce question construction cost and generate a
large amount of questions using automatic question generation approaches. We

will introduce the related researches as follows.

2.1 AUTOMATIC QUESTION GENERATION FOR MATH
WORD PROBLEMS

The Math Test Creation Assistant (Math TCA)[4, 5] which is a simple
template-based natural language.generationssystem was designed to provide a
general tool for constructing quéstions. In.Math TCA, question template consists
of a series of fixed verbal template and variable slot, as illustrated below:

A car traveled__ miles-in __ "hours..On average, how fast did the _ move
during this time period?

Values of variable slots in the question template can be filled by any numeric
number. However, the verbal template cannot be modified unless system manager
creates a new question template, and it is time-consuming.

Deane [6] built a natural language generation (NLG) system for automatic
general verbal items , which can transform a concept to verbal content. They
defined an arithmetic word problem consisting of generic concepts, for example,
the “rate” word problem consists of generic concepts, VEHICLE, MOVE,
DISTANCE, RATE, or TIME. The generic concept is the abstract expression of a
verbal content, which can be described by corresponding verbal; for example,

VEHICLE could be a car, a bus or a track. The NLG system can generate



arithmetic word problem which is described by different generic concepts.
However, the generating methodology of NLG has not been mentioned; thus, it

might not be able to be implemented.

2.2 AUTOMATIC QUESTION GENERATION APPROACH FOR
PROGRAM LEARNING

Aravind K Krishna [7] proposed a problem generator named problet, which
could be part of a courseware of teaching C++ programming language course to
undergraduate students. Students can practice and learn about the concepts of
operator precedence and associativity by solving the problems generated by
problet. The problet generateS expression as a binary.tree, where terminal nodes
contain operands and non;terminal nodes contain operators. The problet can
generate a large amount.of expressions automatically, which consists of operands
and operators. The operands are generated-using-a random number generator, and
the operators are generated randomly from the operator types, which are selected
by the user. By using the problet, the'student’s performance of programming
language is thus improved. However, the problet can only generate the pure

arithmetic questions.

2.3 AUTOMATIC QUESTION GENERATION APPROACH FOR

SOFTWARE DESIGN ASSESSMENT

An automatic generation of online assessments, which was proposed by
Imran A. Zualkernan [8], is used to judge a software engineer’s level of

comprehension of artifacts created during software design. Activity diagrams are a



type of model commonly used in software design, which typically captures
control flow in a situation. In this research, the question level in the generating
assessments is based on Bloom’s taxonomy, and a typical assessment consists of a
number of questions from each level of understanding. The questions are all about
the misunderstood patterns which are commonly occurring differences between
the activity diagrams. This research uses the Hazard Operators (HAZOP)[9] to
generate classed misunderstandings, which are multiple choice questions for
software engineers in order to assess their understanding of activity model. This
research proposed an online assessment to judge an engineer’s level of

understanding of a software design and reduce the cost to design the exams.

2.4 DYNAMIC TEST GENERATION OVER ONTOLOGY-BASED
KNOWLEDGE REPRESENTATION

Branko [10] built ‘a dynamic test.generation system whose knowledge is
formalized by Web Ontology. Language (OWL),  The idea of dynamic test
generation system is to apply somequestion/answer template and use reasoning
algorithm to generate question and answers. Every concept in OWL has specific
elements. The decision algorithm will determine which question/answer templates
match the specific elements, and choose these templates to generate multiple
choice questions. This ontology-based dynamic test generating approach can be

applied to different domain, but it is time-consuming to construct an OWL.



The automatic question generation approaches, proposed by previous
researches, are not appropriate for generating arithmetic word problem because
the fixed question templates cannot generate arithmetic word problems with
various question structures to evaluate different arithmetic concepts. In addition,
the scenarios are necessary to be embedded in arithmetic word problems to test
whether students can apply mathematical abilities to solve practical problems, but
the previous researches did not take question scenarios into consideration. Thus,
two issues to automatically generate arithmetic word problem are described as
follows:

1. How to generate and collect arithmetic- word problem with various

question structures.

2. How to reuse and share scenarios from previous arithmetic word

problems.



CHAPTER 3 FOLKSONOMY-BASED ARITHMETIC
WORD PROBLEMS COLLECTION AND ARITHMETIC

WORD PROBLEM ANALYSIS

3.1 FOLKSONOMY-BASED PROBLEMS COLLECTION

The arithmetic word problem enables students to apply their arithmetic skills
to solve the problem in application level arithmetic of Bloom’s taxonomy.
However, it is costly and time consuming to generate arithmetic word problems
because the good arithmetic, questions with embedded reasonable scenarios are
difficult to be designed..Thus, how to pr..ovide.more problems automatically to
reduce the arithmetic ‘word problem constructing cost is an important issue.
Traditionally, many téachers gene[atéd various ideas‘ of different arithmetic
questions and different embedded scenarios,rbut these ideas are difficult to be
shared without a good management technique. With rapid growth of Web2.0, one
of the emerging visions is the “harnessing the collective intelligence” of a users
community to contribute their knowledge. The folksonomy means the
user-generated classification, emerging through bottom-up consensus. In this
thesis, we aim to apply folksonomy-based approach to collecting teachers’
knowledge consisting of Question Structure and Question Scenario. Question
structure is the structure of this word problem, and with an embedded question
scenario to describe the arithmetic word problem. Because a large amount of ideas

of question structures and scenarios generated by different teachers can be shared



and reused in order to reduce teachers’ effort to construct arithmetic word
problem. In order to facilitate managing and reusing the shared arithmetic word
problem knowledge, a proposed Arithmetic Word Problem Frame Hierarchy
knowledge representation is used to represent these question structure because the
arithmetic word problem of the same question structure are stereotyped and the
inheritance property of frames is appropriate to represent the category structure of
arithmetic word problems. Teachers often construct various arithmetic word
problems via transforming the arithmetic logic embedded in one arithmetic word
problem. By our observation, production rules in context-free grammar are
appropriate to describe this.kind of transformation. The proposed Arithmetic
Word Problem Grammar can facilitate maintenance of arithmetic word
problems  and  their * evolutions - including ' Self-Evolution  and
Collaborative-Evqutibn. Each " arithmetic_word problem has its question
structure in which a propositional logic statement.is embedded; every atomic
proposition can be selected as ‘a“question statement. There are two kinds of
evolutions. In order to generate different problems, self-evolution selects different
atomic propositions from the original propositional logic statement as the question
statement. Collaborative-evolution integrates two question structures with the
same atomic proposition to generate a new question structure. More specifically,
the arithmetic word problem knowledge provided by multiple teachers can be
fused and perform problems’ evolutions to generate more questions by applying

some specific production rules. Besides, the rules embedded in the frame can be



used to apply different scenario to the question structure; thus a large amount of
arithmetic word problems can be generated.

In Section 3.2, we will analyze the properties of arithmetic word problems
which we focus on. And the corresponding knowledge representations and
knowledge evolutions, which are performed via new knowledge provided by

teachers, will be described in Section 3.3.
3.2 ARITHMETIC WORD PROBLEM ANALYSIS

As shown in Figure 1, according. to_our observation, an arithmetic word
problem consists of a Question Structure with. an embedded Scenario to
describe the arithmetic Wbrd problem. This kind of arithmetic word problem can
evaluate whether students can apply the arithmetic skills in real environment,
which is the application level ‘knowledge-in-Bloom’s cognitive domain. Thus,
when an arithmetic word problem is provided by a teacher, the problem’s question
structure is managed as various ‘arithmetic problems to examine different
arithmetic concepts, and its scenario can be managed in a scenario repository and
applied to other question structures to generate more various arithmetic word

problems with the same embedded scenario.

Question

Structure
Question l
Scenario

Arithmetic word problem

Figure 1 Property of Arithmetic Word Problem
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3.3 ARITHMETIC WORD PROBLEM FRAME HIERARCHY

In this section, we will introduce our knowledge representation, the
arithmetic word problem frame hierarchy. The question structures which have a
stereotyped description are provided by teachers. In order to share and reuse
question structures, the frame based representation is used to represent each
question structure, and the frame’s inheritance property can facilitate managing

the categories of question structures.

Arithmetic Word Problem Frame

-~

A% AKindSi:
PR N g :
A S
S . T
/ Tnherit % “~.__Inherit
; iR
L > 2 :
PTR(E S N  , — ' : -
) . T , HHERaR
EXWas Sl AN ifeoRem
| QS | RS R

Figure 2 An arithmetic word problem frame hierarchy
As shown in Figure 2, all the question structures of arithmetic word problems
are maintained as an arithmetic word problem frame hierarchy, where the root
is a general frame whose properties must be inherited by all kinds of question
structures. The second level frames, the major problem categories, consist of
different kinds of arithmetic problem with their specific requirements, named
Question Requirement. For example, “perimeter problem” is a kind of arithmetic

problem, and the corresponding frame slots “perimeter” and “object shape” are
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defined to represent the necessary requirements in this kind of problem. All
frames of sub-problem category have to inherit the necessary requirements from
the frame of their corresponding major problem category, e.g. “square perimeter
problem” and triangle perimeter problem” are two sub-problem categories inherit
frame slots “perimeter” and “object shape” from the major problem category
“perimeter problem”. The inherited frames from sub-problem category frames are
question structure frames, which can generate real arithmetic word problem by

applying question scenarios.

Question Requirement (QR) Scenario Slot (SS) QR Type SS Type
ARME N z A A
Frame 2 Slot ' Slot Facet
Attributes name - value
A : !
JUEE EE |~ e R Variable|:| Changeable]
J&E E RS __‘r 4 “100” Variable : Unknown
I B EERER DS Variable : Changeable
YRE AR }f?ﬁf . “GEVTHZ Fix : Changeable
— VSR e N Fix : Changeable
—_— ERBEE 2R AN ER Variable : Changeable
IEAERS SRIRE | “5” Variable : Unknown
—— EAEE B HAT “INR Variable : Changeable
Required Question If needed
v K >
EAERENE -
Frame Self-Evolution rule
Attribute Collaborative- Evolution rule

Scenario Mapping rule

Figure 3 Slot attributes of arithmetic word problem frame

Figure 3 shows the slot attributes of arithmetic word problem frame which is
a “square perimeter problem” frame of sub-major problem category. The slot
attributes consist of slot attributes from “perimeter problem” frame and specific

slot attributes of “square perimeter problem” frame. The slot name is combining

12



with question requirement name and scenario slot name, the left hand side of
colon is question requirement name and the right hand side is corresponding
scenario slot name. Slot value stores the value of scenario slot. Furthermore, facet
defined the type of question requirement and scenario slot, the left hand side of
colon is question requirement type and the right hand side is scenario slot type.
More important, there are rules which are self-evolution rule,
collaborative-evolution rule and scenario mapping rule embedded in every
arithmetic word problem frame, these rules will be triggered while generating
arithmetic word problems

In Section 3.4, we will introduce how we manage question structure of

arithmetic word problems'and perform different kinds of evolution.

3.4 SPIRAL MODEL FOR FOLKSONOMY-BASED PROBLEMS
COLLECTION

We apply folksonomy-based approach to- collecting a large amount of
question structures, thus more and more various arithmetic word problems can be

generated.

Reuse
Question
Structures

Create or modify
Question
Structures

Evolved
Question
Structures
Figure 4 Spiral model for folksonomy-based problems collection
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As shown in Figure 4 Spiral model for folksonomy-based problems collection,
users reuse or reference the existing question structures and as they familiar with
the folksonomy-based approach, they will create new question structures or
modify existing question structures. In addition, these question structures will
evolve into new question structures, thus these question structures can generate a

large amount of various arithmetic word problems.
3.5 GRAMMAR AND QUESTION STRUCTURE EVOLUTION

3.5.1 ARITHMETIC WORD PROBLEM GRAMMAR AND APPLYING

QUESTION SCENARIO

Teachers often construct various arithmetic word problems via transforming
the arithmetic logic embedded in.“one arithmetic word problem. By our
observation, production rules-in confext-free grahmar are appropriate to describe
this kind of transformation. Besides, applying context-free grammar can facilitate
maintenance of arithmetic word problems and their evolutions. A context-free
grammar is a grammar that the left side of every production rules is always a
single nonterminal symbol and the right side is a string of terminals and/or
nonterminals. Based on the previous definition of context-free grammar, we can
use different nonterminals to denote different major problem categories and
sub-problem categories. The production rules from nonterminals of major
problem categories only derive the nonterminals of their corresponding
sub-problem categories. Hence, this grammar property can help us easily manage

arithmetic word problems. Moreover, the similar new arithmetic word problems

14



can be generated from an arithmetic word problem by adding new production
rules, evolving from the production rules of the original question structure.
Besides, two questions can be integrated to generate new question structures by
combining production rules of two question structures. These two question
evolution and fusion approaches are named self-evolution and
collaborative-evolution, respectively. The following chapters will show how to
model an arithmetic word problem by context-free grammar, and how to perform
self-evolution and collaborative-evolution based on the grammar. For providing
proper mapping from question structures to question scenarios, our context-free
grammar also contains production rules which drive gquestion structures through

question requirements into scenario slots, the terminal symbols.

Definition 1: Arithmetic Word Problem Grammar

® G=(V,T,P,9S)isthe arithmeﬁc word pro.blem grammar where V = {S} u
C U B U QS U QR, is a‘finite set of non-terminal symbols, T = SSY U SS°,
is a finite set of terminal symbols, P is the set of production rules, and S is
the start symbol.

® V={S}JuCuUBUQSUQR
*  Sisthe start symbol.
e Cisaset of major problem category non-terminal symbols
* Bisaset of sub-problem category non-terminal symbols
* QS s aset of question structure non-terminal symbols.
« QR =0QRYUQR" UQRY is a set of question requirement non-terminal

symbols.

15



> QR is a set of question requirement which contains numeric
variable, is called “variable type ” question requirement.
> QRFis a set of question requirement which not contains no numeric
variable, is called “fix type” question requirement.
> QR is a set of question requirement which is a question statement,
and is variable type question requirement too.
T = SSY U SSC is a set of terminal symbols,
« SSVis a set of scenario slot which contains variable, is called “unknown
type ” scenario slot.
« SSCis a set of scenario slot which dees'not contain variable, is called
“changeable type " scenario slot:

P =CPu BPU QSP U QRP U SSP.is a set of praduction rules

CP is a set of major problem-category-production rules, which is
S—Cy1|Cy|...| Cp,where Cie C, 1= I= p, p is the number of major
problem categories.
e BPis a set of sub-problem category production rules, which is
Ci—Bi1 | Bi2 | .| Big, Where Bjj € B, 1=j=q, q is the number of
sub-problems in major problem category C;
e  QSP is aset of question structure production rules, which is
*  Bij—QSij1 | QSij2| .| QSijr, where QSijk € QS, 1=k=r, r is the number of
question structures in sub-problem category Bj;.

*  QRP is aset of question requirement production rules, which is

16



QSik— QR%ki QR jikz ...QRijks' , Where QRijkm € QR, 1=m<=s, s is the
number of question requirements in question structure QS , X € {V,
F}.

e SSPis a set of scenario slot production rules, which is
QRijkm — SSiikm1SS iikma ---SS jjkmt, Where SSikmn € SS, 1=n=t, t is
the number of scenario slots in question requirement QRjjm , X € {C,

U}

The number of production rules in P:is depending on the corresponding instances
which are provided by users. For example, 1f users add a new sub-problem
category, then a new production rule ‘corresponding with this new sub-problem
will be added to BP, and if users provided a new question structure, then a new
production rule corresponding with this new question structure will be added to
QSP.

The major problem category production rules (CP) are defined to represent the
rules of generating the major problem categories in arithmetic word problem

frame hierarchy. The usage of CP is shown in Example 1.

Example 1: Production rule of CP
S— FHRHIE | i< g |
The initial start symbol can generate all the major problem category

non-terminal symbols, such as “tree-plant problem” and “perimeter problem”.

17



Each major problem category non-terminal symbol can be transformed to a set of
sub-problem category non-terminal symbols using sub-problem category

production rules (BP).

Example 2: Production rule of BP
PRI~ P17l | 28 7YEHT ...
This sub-problem category production rule shows that “/Z/#7" and “ %

72T are two sub-problem categories of “tree-plant problem”.

Question structures are included.in sub-problem, categories and the question

structure production rules (QSP) can show this grammar.

Example 3: Production-rule of QSP.
IR Py |- .

Assume there are two question structure /Pyﬁ’{ﬁﬁ? and “— FFERT in
category “/F:5UEik", QSy, the production rules of QSP are used to generate all

the question structure non-terminal symbols.

An arithmetic word problem consists of a set of statements, named question
requirement, to describe the question’s constraints and requirements, and one of
the question requirements have to be described as a question statement. For
example, a problem of “square perimeter” consists of at least three statements to

describe “object shape”, “square side” and “square perimeter ”, and the “square

18



perimeter” or “square side” can be described as a question to ask students. The
question requirements, which contain numeric variables and can be described as a
question statement, are named variable type question requirement (QRY), and

others are named fix type question requirements (QR).

Example 4: User provide a perimeter problem Question Structure

An arithmetic problem “perimeter problem” can be represented as
QSperimeter—OR™1 QRY,QRY '3, where QR™; is “object shape”, QRY, is “square
side”, and QR"3is “square perimeter ”. In this question, the variable type question
requirements need to be identified, such as “square-side” and ‘“‘square perimeter”,
and one of the variable type question requirements needs to be determined as the

question statement by user, e.g. , QR .

Example 5: Production rule of QRP

Assume an arithmetic word problem of ﬁ’yﬁ@ﬁﬁﬁﬁﬁ 7 is “7}?}7@?100
P FE i R 2 57/%7 5 A~ [?’7:7%’;’}7@7 s M 500 AL The
question structure “ /% :77‘7’{%;7 A7 can be represented as five question
requirements: i LRlEl ", S FEE”, ’@f?@éﬁ@”, ﬁ’yﬁ%ﬁ,&i ,and A

:,,

, S0 the question requirement production rule can be defined as follows:
Ry TR B IR 5 L AT IR Py A R
Among the question requirements, “ﬁ'ﬁ#loo 7 and <A 500 A are

variable type question requirements because 100 and 500 are numeric variables.
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“FET St HE— A and [?’7,/7#’/357@7 are fix type question requirements, which
cannot be transformed to the question statement. “_**#£500 “* “/” is determined

as the question statement by user. Thus, folksonomy-based item bank
management system will generate the sentence of question requirement “ﬁ,%f//f!ﬁg?

BB P

Every Question Requirement consists of a set of the corresponding description

statements, named scenario slot, to describe each requirement in different words

=

or sentences. For example, a requirement of “##///££/ consists of at least three
words to describe jﬁff;f*/f/yf//’, “‘;7’_5/", and 7’#//757;7‘ The @ﬂ/?’*//yfﬁ can
be described by different waords or sentenc.es like “74" 5“7 or /E SHUE” et
and the ;f*//yff;ﬂF/j rﬁust be related-with the ‘f@ﬁ\‘/;lfﬂ/f,ﬁ”. The “£¢#/” can be
any numeric variable like 100,150 or 20, etc. The seenario slots, which contains

only number, are named unknown ‘type scenario slot (SS"), and others are named

changeable type scenario slot (SS®). Each tag of scenario slot like, “?E_‘IEIU?'JFF,#,” or
“BrE!™, etc. are provided by users, in other words, we are not focus on dealing

with the natural language processing in this thesis.

Example 6: Production rule of SSP
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Assume QR; is one of ﬁ’r%‘v@ﬁ? question requirement consist of three
scenario slot, which are “E{iﬁ?"///yfﬁ”, “ErEl”, and ?"//gfféﬁp/fj ”. So the scenario
slot production rule can be defined as follows:

AT A BB, P 772,

The scenario slots are involved in question requirement will be applied to

corresponding value in scenario repository, thus the sentence of question

requirement will be diverse. Question scenarios provided by users will be stored

in Scenario Repository. We will introduce Scenario Repository in more detail in

Section 3.6.2.
QR, :[{FH o [200| s b= |
EaosEmr, SS... SS.2 SS,.3
BEOATT 5 ‘SN AT
I5Sn: | 5Saz] ISSa: |
$ Nl.ﬂ[)tlhg . Mapfil‘lg M.’)[)\l/)il“-g
P1 (EER S 200 FR
P2 7 50 Sz
P3 FeAst 100 PUE]

Scenario Repository

Figure 5 Scenario Slot of QR;

Figure 5 shows that each scenario slot in QR; will be applied to the
corresponding value in scenario repository.
If the scenario pl be applied to the scenario slots, which are involved in QRy, then
the sentence of QR will be:
/E%ﬁ%éﬁé/ 200 7.
If the scenario p2 applied to the scenario slots, then the sentence of QRywill be:
“IE=750 &
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Among the scenario slots, “£7#/” is unknown type scenario slot because it will
be applied to every number 200, 50,100 in scenario repository. “Z7/vjl///;” and
?’*J/yf/&ﬁ? ##” are changeable type scenario slots, because each of them applied to

the values in Scenario Repository like 7/‘?}7@7‘ and “/are not numbers.

Example 7: Mapping Scenario to Question Structure
The rules embedded in arithmetic word problem frame can control the

question structure to apply different scenario as shown in Figure 6.

OSgiemu” | BITARENH A0 | DI | MTEE | R

Consist of Scenario Slot | _ ' l - [ Cméist,of Scenario Slot
NS DONR R Lr R | BERE
\p\ hu\sam\esknano Mappldg to the same Sqenarlo
Scenario O Wil B h BIORE BEREL
Pl ) 100 i N 500 AR
P EHE 0 i - BEFR 0 AR
Scenario Repository

Figure 6 Scenario mapping to Question Structure

QR"'is the question statement as we mentioned before.

The rule of applying scenario to QR" is
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Add %7/7 in front of QR” first and change the scenario slot value to “ % 7" if

scenario slot type is unknown in QR”. Finally, the sentence of QR” will be

shifted and become the last sentence in the generating arithmetic word problem.

Example 8: Applying scenario to QRY’
Assume the question requirement of /% i ﬁ"ﬁ?ﬁlf@ﬁ” IS :
Y TR BT A0 25 0 A B Py A 5.
If we apply scenario P1 to the “/%? ,%/7@77/? g the sentences are:

RES00 S S - AT i R A Ul o S
DI 2.
And if the question requirement of ﬁ’yﬁ@ﬁ?&?ﬁ,@T IS &
Pl AT B ATl A A B, Pyt %
If we mapped scenario P1 to'the ‘Tx’xﬁf FESTTHIE the sentences are:
“B100 47+ 3 S AT RN A s - L .
N2

We have introduced how to model an arithmetic word problem by

context-free grammar. In next section we will introduce how to evolve question

structure by production rules. We have two kinds of evolution methods to evolve

question structure, one is Self-Evolution and another is Collaborative-Evolution.
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3.5.2 SELF-EVOLUTION

Each arithmetic word problem has its question structure in which a
propositional logic statement is embedded. Only one atomic proposition, which is
a variable type question requirement, of the statement will be chosen as the
question statement. However, this selection is not unique. Every atomic
proposition can be selected as the question statement. In arithmetic word problems,
we only focus on the atomic propositions correlated to variable type question
requirements. In order to generate different problems, self-evolution is to select
different atomic propositions from the original propositional logic statement as the
question statement. Therefore, We cansadd new production rules generated via
self-evolution into QRP, which contains. production rules drive question
requirements from question structure.. Figure illustrates the concept of

self-evolution.

AXB-=C Self-Evolution

"N D> D>
X X X
Wym
i
0DOw

Figure 7 Self-evolution

Assume there is a multiplication problem, “A x B = C”. Usually, teacher
will test students with the question: “A x B = ?”, or with the questions “A x ?
= C” and “? x B = C” which are obviously different questions from the

previous one. These two questions can be generated by self-evolution. Assume
user provided a question structure QS;,

The original production rule QRP of QS; is:
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QS1—0OR"1 QR QR"3

The new production rule QRP of QS; after applying Self-Evolution:

QS1—0OR"1 QR% QR"3| QR'1QR"2 QR's| QR'1 QR", QRS

The two production rules, which are QRY1 QRY, QRY3and QRY; QRY, QRY; will
be added in production rule automatically after applied self-evolution.

Assume QS; is a multiplication problem, its production rule QRP is
QS1—ABC’, A, B and C are variable type question requirement. There are three
variable type question requirements, so we add two production rules after
production rule QRP of QS;. The production rule QRP of QS; will be

QS1—ABC’|AB’C|A BC, that ABC’, AB’C and'4’BC is questions:

A xB=72
A x?=C.
? x B=C.

Example 9 : Self-Evolution

Assume user provide a “7&)% *9[/,777?;///‘?/7 £’ question structure,
Original production rule QRP of ”3&)4 *9[/,777?;///‘?/7@’_57” is:
e pE ?[Lﬁ,?;//;!ﬁ,é’f7—>7§?¢7@7?ﬁ/§?;ﬁ?ﬁ@/f]ﬁ,@ﬁff,ﬁﬁ//’f]ﬂ, where “#ifisRlEr” and “gs
/f?]’,%? are variable type , and ﬁﬁ//ﬁ,@/g] " is question statement.
New production rule QRP of ”3t)# "/ﬂ%ﬂ?ﬁ;@’_ﬁ” after self-evolution be applied is :
I~ BREEE Y [FE BT | R R,
TYFF | BB 15 T
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The two production rules, which are ﬁf]@ﬁﬁ@fé’,ﬁ;ﬁ@/ﬁﬁ,ﬁﬁ%ﬁ/ﬁ and #7795
gf’f,ﬁfm@ﬁ’,ﬁ;ﬁ@ﬁﬁ/ 7 will be added in production rule QRP automatically
after self-evolution be applied.

The arithmetic word problem generated from production rule j:@,ii‘?[/f;é///f!f/ /7N
BB 158 B R s

“H100 47 > DHIHE0 7 o FHGEA £ e
The arithmetic word problem generated from production rule j\:i‘f_%hﬁg//?f/&ﬁf—)
B BT M Ts

“47 K750 7o A 5000 7 ﬂ%ﬁﬁﬁ?fiﬁ DA,
The arithmetic word problem generated from -production rule j\:i‘f_%hﬁg//?f/&T—)
PR B [FTA RS

“#7100 A7 - #5000 7 ﬂ%ﬁﬁéﬁﬁﬁfﬁ PR,

3.5.3 COLLABORATIVE-EVOLUTION

It is possible that the same atomic proposition in different propositional logic
statements; in other words, there exists a variable type question requirement
involved in different question structures. The different propositional logic
statements can be integrated into a new propositional logic statement, which
means two arithmetic word problems can be integrated into a new arithmetic word
problem. Collaborative-evolution is to integrate two question structures with the

same variable type question requirement into a new question structure. We can
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add new production rules generated via collaborative-evolution into QSP of these

two question structure. Figure 8 illustrates the concept of Collaborative-evolution.

QS,;= AXB=C Collaborative-Evolution
- - QS ew =AXBXD
QS,=CXD=E
Figure 8 Collaborative-evolution

If a variable type question requirement appeared in two question structures of
different sub-problem categories then add new production rules in production rule
QSP of these two question structures.

Assume there two question structures, QS;—OR'; QRY, QRYj3 in
Sub-problem category B; and'QS>—OR" 5 QRY4 QRVs in sub-problem category B,
Then add new productio.n rule in production rule QSP of these two question
structures.

B1—QSnew
B2—QSnew
QSnew —0OR"1 QR"2 QR4 QRYs
QR appears in both QS; and QS, will be discarded first, and then can be

integrated into a QSpew.

Assume QS; is a multiplication problem “A x B = C” from sub-problem

category By, its production rule is QS;—OR"1 QRY, QRY5. And the other, QS, is
an addition problem “C + D = E” from sub-problem category By, its production
rule is QS,—OR's QRY, QR"s. Because of QRY; appears in both question

structures, so we discard QRY5 and integrate QS; and QS, to generate a new
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question structure. Because QS1 and QS; belong to different sub-problem
categories, we add new production rules, which are:

B1—QSnew

B2—QSnew

QSnew —OR"'1QR"2 QR4 QRS

QSrew ,Which is integrated with QS; and QS,. After QSn.w apply

Self-Evolution, the problems of QSpey are :

“?xB+D=E".
“Ax?+D=E".
“AxB+?7=E".
“AxB+D=7?"

Example 10: Collaborative-Evolution

=i

Assume these are two question_structure, one is ”3&% /[/7/’?‘7/;Z 2" question

structure from sub-problem category By, its production rule is :

eyt "/ﬂﬁ,@f!f/@—» BT BT JETE, M onR e, where BT OE7” and A

fif//;’]fﬁ?” are variable type , and “##/77#Ll ” is question statement.

And the other, is ”/?//7 ﬁ‘ﬁ?&f £ question structure from sub-problem category

B,, its production rule is :

/? 7 /,,,ﬁ?’ﬁﬁ/?f ,@/—)ﬁﬁf/éj;ﬁ’/gfw oA ﬁ’ﬁ‘/ //'Z,E//ﬁ ﬁ i T T 222 where ’7@'7?;//7 724
ﬁﬁjf//;ff” are variable type question requirements, “#ZZ7E)# ", “/7//7,,

27, is fix type question requirements, and A%/ /£ “is question statement.
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Because of the variable type question requirement, ~A#f/%£ltly" ~ appears in both
question structures, so we discard”#/%#E “and integrate ”%Li?[éfﬁ/?ﬁ 2l
and ”ﬁ’yﬁ@ﬁ?jfﬁ,@ﬁ’ to generate a new question structure. Because of ““#&=2% 75
//E!f,é’_fT” and “ /iy /,’ﬁ%ﬁ?f! £ is belong in different sub-problem category, so we
add new production rules, which are :

B1—OSnew

B2—QSnew

QSrew— B 18, B L [, 55 2 P B G, Py A R
We could generate QS With this new production rule, which is integrated with
QS; and QS,. After QSnew:2pply. Self-EvoIqtion, the production rule QRP of QSpew
IS :
Qv — 117 758 IR 1. 5 LR e, 5% | MO8,
BT 45 2 R0 BT, Y i P A o, BTt A 2 A
2 BRI oy s e | R B . R B Py

Here we list two arithmetic word problems generated by production rules.

The arithmetic word problem generated from production rule QSpew —)@?7.//%7{%—3
ﬁ?f/?{ﬁ/ﬁ%‘;jﬁ‘jj i //%? /? 1 T TEIE LS
“WEH ol /23000 T o AT ST A= A 5/@3 ARV ﬁ/yﬁﬁfiﬁ > 252300

SR AR S D72
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The arithmetic word problem generated from production rule QSpew ef@?ﬁf?f//f]g%i

BTRREY ST SR, A, B s

“LHIRR0 7o AT A A B3 NN R Ry

N TR el - % PR

300

Moreover, the QSyew can be applied collaborative-evolution again and integrated

with another question structure to generate a new question structure; thus, more

and more various arithmetic word problems can be generated from the new

question structure. In this thesis, we focus on generating the arithmetic word

problems with correct arithmetic. logic; the. sequence of sentences in the

generating problems might be irrational; thus; user can fine-tune the sentences in

the generating problems.
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3.6 USER SHARED CONTENT MANAGEMENT

3.6.1 QUESTION REQUIREMENT ONTOLOGY AND SCENARIO SLOT

ONTOLOGY
/ Question
\ Requirement

3 &
ATNITTOEOT

Question Requirement Ontology /

Y - -——— g -
& ‘._..l__ T 2

<" Scenario T
AKind-of Slot il _—il
— - //7’_ T
| ‘ @TA_/
d ut !& \i./ aen
g\_} \—/ Scenario Slot Ontology _

-... s \

Figure 9 Question reﬁuiﬁgﬁjgpf:—en?olggiy}ahd scenario slot ontology
Figure 9 shows the question requirement ontology and scenario slot ontology.
We use question requirement ontology and scenario slot ontology to maintain the
relation of question requirement and every scenario slot contains in question
requirement. The structure of both question requirement ontology and scenario
slot ontology is similar. There are many concept usually be tested in elementary

school arithmetic word problem like “£7&/”, “-</Z”, “74/<” and ﬁ/ﬁ? etc.,

hence these concepts are maintain in layer 2 in question requirement ontology.
Layer 3 maintains all of Question Requirements provided by users. In an

arithmetic word problem, some words or statements could be changed like
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“Object”, “Place” or “Character”, etc. Hence these categories are maintained in
layer 2 in scenario slot ontology, and layer 3 maintains all the attributes provided
by user related with the correspond category in layer 2.

Every attributes of arithmetic word problem frame will reference to question
requirement ontology to keep consistence between each question requirement of
different arithmetic word problem category. For example, the question

V3

requirement “-< 7% ///77<” will appear in different kind of arithmetic word

-

problem. Hence the arithmetic word problem frame in different kind of category

~7

contain the same attribute “-< 7 */7v<" ,which will reference to the “-< 7*#

6 =

(-<)” in the category of “~<4%” In question requirement ontology. That will make

different question structure in different arithmetic. word problem category could

apply Collaborative-Evolution.
3.6.2 SCENARIO REPOSITORY

We have mentioned Scenario Repository above. The question scenario
provided by user will be stored in scenario repository; The user provided values of
each scenario slots contain in question requirement will be stored into scenario

repository..

Example 11: Scenario Repository
Assume there are two question requirements QR;and QR,. QR consists of
scenario slot SS; SS, and SS3;, QR2 consist of Scenario Slot SS, SS3 and SS,4. For

QRy, assume User assigns values a, b, ¢ to SS; SS, and SSs respectively, and
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assigns values d, e, f to SS,, SS; and SS, respectively for QR,. Then these values

will be stored in Scenario Repository shown as Figure 10.

Scenario Repository
Scenario Slot Tag GG SS5 553 5SS
Scenario P1 a b c
Scenario P2 d e f

Figure 10 Scenario Repository
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CHAPTER 4 FOLKSONOMY-BASED ITEM BANK

MANAGEMENT SYSTEM

4.1SYSTEM ARCHITECTURE

Users Share Contents

Provide —
question Question Requirement QR Onmlogv \
B — | — 00 === === === Egp——— O

4 Question Editor [¢=-=--====== - OO OOO

Scenario Slot values

SS ontology

Arithmetic Word Problems... g ; % \ /

| Question Structure

|
L Ay Rl

auny-aul4

Query

Question Generator

a L
Figure 11 System architecture of folksonomy-based item bank management system

As shown in Figure 11, the Folksonomy-Based Item Bank management
system (FIB) can assist teachers to share and reuse their designed arithmetic word
problems. Like other Web2.0 society system, users could recommend resources
and discussed with other community users in FIB, but in this thesis, we focus on
the functions of sharing question structures and scenarios.

FIB provides two kinds of functions: question collecting and generating
problem to facilitate teachers to provide and reuse arithmetic word problem,

respectively. When teachers aim to give questions, they could edit question
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structures and scenarios using Question Editor, where the previous question
structures and scenarios provided by other teachers can be referred to design more
various scenarios. When teachers aim to reuse questions, they can choose an
arithmetic word problem category to determine the scope of generating questions.
Then, the question structures in the selected arithmetic word problem category
will be collected, and self-evolution, collaborative-evolution are applied to these
question structures to generate more related question structures. These question
structures can apply the previous shared scenarios to generate arithmetic word
problems for teachers, and these problems can be fine-tuned and downloaded for

teachers to use.
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4.2 QUESTION COLLECTION PHASE

4.2.1 TEACHER PROVIDED SCENARIO
In Question Collection phase, teachers could edit question structure and

scenario through Question Editor, as shown in Figure 12.

Mijlor | Sub problem Add new QR ‘ ‘ Addnew S Reference other scenario
:::eg:z category \ )
Ja R | EHF | Question Editor
ERLEHORT | | SOLOMBER || BIMREREE | | @A
FHGEE { #2E Changeable
|\ BORRE Unknown
—— [ s 1
Variable Changeable LR
Changeable : IEA1

—

Changeable BE

Unknown 100

| EHR |
Changeable
AR

Changeable ~R

Figure 12 Question Editor Interface
Firstly, assume teachers select an arithmetic word problem category
“perimeter problem category” from major problem category list, and then the

question requirements of perimeter problem category, such as ﬁfi ” and ?‘f/ﬁg'
%7, will be shown to teachers. After determining major problem category,

teachers need to select sub-problem category, e.g. “Square problem”, and the

-t

corresponding question requirements “;-7% /%< will be shown to teachers.
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Then, they could refer to previous shared question scenarios provided by other
teachers and start to assign the values of scenario slot into the textbox. The values
of scenario slots provided by teachers will be stored in scenario repository and
shared to other teachers, so more and more question scenarios can be generated in

the item bank.
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4.2.2 TEACHER EDIT QUESTION REQUIREMENT

Teachers could edit question requirement by question editor. The steps of adding a

new question requirement is shown in Figure 13.

SS ontology
@ @ Selectfrom
QR ontology SSontology
Select from g
o) Qo o QR ontology ®
O OO0 N
ATIEL: Changeable
ANBiE Changeable
o o
®/ |mmwwswmn T DEBE Unknown s 1
- Py B
Determine Vartable Changeable
question AT Changeable
Statement |_© -
Determine @

question requirement fvpe

Figure 13 The Steps of editing new question requirement

Determine scenario slot type

First, teachers have to select a question requirement from question

requirement ontology. If they can’t find suitable question requirement, they can

create a new one and assign a tag for it. For scenario slots, teachers can select one

from scenario slot ontology to describe this question requirement. If they can’t

find the desire one, they also can create a new scenario slot and assign a tag for it.

Then teachers have to determine the question requirement type. After that, while

each of the scenario slots are default as changeable type, teacher has to assign

which scenario slot is the unknown type. After that, teachers need to determine
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which question requirement in the question structure is question statement, and
the question requirement will be QR in the question structure. Finally, teachers

could start to assign the values of scenario slots into the textbox.

4.3 GENERATION PROBLEM PHASE

4.3.1 SELECT PROBLEM CATEGORY

As shown in Figure 14, in FIB, teachers can ask system to generate
arithmetic word problems with the same major problem category, sub-problem

category, or question structure,

user gelect
category
é e
Ferkhd
g - - __‘-
Major problem category  Sub problem category Question Structure

Figure 14 Arithmetic problem category

In Figure 14, the question structure /?7,7%’&%77@7“ is selected.

4.3.2 QUESTION GENERATION CONSTRAIN
After teachers determine their desired scope to generate questions, the

corresponding production rules will be fired according to the selected scope.
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Example 14: Problem Generation Scope
All question structures in the category chosen by user will be applied by
Self-Evolution and Collaborative-Evolution first, and fire production rules related

with chosen category. As shown in Figure 15, if a major problem category 77"
//E!ﬁ,@?’, a sub-problem category “/7/#% i, or a Question Structure is chosen by

teachers, all the corresponding production rules will be fired to generate
arithmetic word problems of the same major problem category, sub-problem
category, or question structure, respectively. The problem generation scopes of
major problem category, sub-problem category, and question structure are shown
as the largest dot square, the...rﬁedium Idot quare, and the smallest dot square,

respectively. ' =1

§ Arithmetic
Word
1 __Problem

A-Kind-of - Kind-of

B e e T
I
PR ek |
I
A-Kind-of A-Kind-o !
_—— e == ——— - [
<> :
I
- I

s-a

e
@

— o o o e e e o e o o e e s o

Figure 15 Problem Generation Scope
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4.3.3 CHOOSE OR FINE-TUNE ARITHMETIC WORD PROBLEMS

Generated arithmetic word problems will be listed and categorized into
Self-Evolution Problem List and Collaborative-Evolution Problem List as shown

in Figure 16.

RHY EEEREE YR

Self-Evolution Problem List
] £i100% » SRR3R » FRAEAEE—55 » WilmaPRE -
BN 2275/N AN
] HEERER600 AR » a3 ARG —IR » #EAKE—55 > Wil
#P4 éﬁf'nﬁﬁf%‘ryﬂf-?“%’}‘*ﬁ ?

=5
M

s

: : Collabofieii::ivé-Eﬁélutioh Problem List
L) BS300/8R S REEARS 55> Ml - SE3ARME i
BI307T - ML {68 JIER -

-

Tl

Figure 16 Generation problem list

Teachers could choose problems or fine-tune the sentences of problems, and then

download these arithmetic word problems.
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CHAPTER 5 IMPLEMENTATION AND EXPERIMENT

5.1 SYSTEM IMPLEMENTATION

We have implemented a Folksonomy-Based Item Bank management system

(FIB) as shown in Figures 15~17, where teachers can use question editor to edit

question structure and provide scenarios. Teachers can ask system to generate

arithmetic word problem and choose or fine-tune them for practices or exams.

EREE ERAL & HMIEESER

I BREOTAR [ JE»®

o
H

v [ mruEEE |

FTREGRER

v [ mrmEER |

b=t =2 il o) [ Im
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v [(mrwEEs

NRER L Is=mm

STEERER

~| [ mrmEE=E |

Eow B |EE (R

ESE I

FTREGRER

¥
]
+H

v [(mrweE®

MENBESET [ Im

BEETRERER

U IR B B

Figure 17 Question editor

Teachers could edit question structure and assign the values of scenario slot into the

textbox, and add new question structure or scenario slot by question editor as shown

in Figure 17.

FEETEIENET: s TREY v|z@En mmErEn v |[FE] ELE |
AR R M T 2 E

| EFEEEERMEEER) EFRERET— &R0 FHsTFHRESYES T
[l EERREAIERERE) EAAEER - F3nR  SEHEEERL AR T

O EZARREEFMEEER) E=Eg—tgt - EETAR « FFERERESS AR T
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Figure 18 Teacher select problem categories

Teachers can ask system to generate arithmetic word problem, they can choose the

problem category from the interface of FIB as shown in Figure 18.

RAWER » RI0AR » E5AR, BHTEERRZVAR?

O
|
il
20
[H
i
]

ERPHLAE—E  ER04R  EAEEARAR?

O
i
fll
il
[t
>
]

ERRSE  BR20AR  BEERSZVAR?
0O =EEs EAT

Figure 19 Arithmetic word problefﬁ‘s generated by FIB

l‘l
) . ‘,‘! .

Teachers can choose and fine-tune' arithn 'etji,(':.y\/'Ord"pr(')blems generated by FIB, and

could download these pro'ble.ms through-the interface as,shcl)wn in Figure 19.

<4 - -
> ! . - i

v
o "
v

5.2 EXPERIMENT
4
In the evaluation of experiment, we use a questionnaire of system satisfaction,
which have been validated by elementary school teachers and education experts. 100
6th-grade math teachers of elementary school in Miao-Li County are involved in

evaluating FIB and fill out our Likert-five-point-scale questionnaire to show their

opinions about the system. The five-level Likert scale is shown in Table 1.
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Degree Meaning

Strongly disagree

1
Disagree
2 g
Neither agree nor disagree
Agree
4 g
5 Strongly agree

Table 1 The format.of a typicalfive-level Likert item

The questionnaire contains 21 questions and can be-divided into three parts: the
first part is to evaluate the satisfaction degree of system usébility, the second part is to
evaluate the desire for teachers to shar-e their knoWIedge in FIB, and the third part is
to show whether FIB can inspire teachers to generate more various questions. The

results of each part are shown in Tables 2~4.

Questionnaire Item List Average
FIB can assist me to constructing arithmetic word problem. 369
FIB can satisfied my requirements to constructing arithmetic word 3.39
problem. '
FIB can reduce my workload and time to constructing arithmetic 347
word problem. '
| think it is worth using FIB.
3.64

I will keep using FIB.

P J 3.43
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I will recommend my colleagues and friends to use FIB. 3.5
| have learned about how to use FIB to assist me to construct 3.48
arithmetic word problem '
| feel it is easy to operate FIB.

3.27
| feel it is convenient to use FIB to create the content of question. 351
| feel it is convenient to use FIB to edit the content of question 363
| feel the response of FIB is quick.

3.57
Totally speaking, | feel the FIB interface is friendly. 3.40
Totally speaking, | am satisfied with FIB. 354

Table 2:The satisfaction degree of system usability

The results show that most teachers are satisfied with the operation in FIB, and
most of them think FIB canassist therﬁ to construc;t arithmetic word problem, so they
will keep using FIB to construct arithmetic word problem. Teachers also think it is
convenient to create or edit question by using FIB to reduce teachers’ workload and

time for constructing arithmetic word problem.

Questionnaire Item List Average
| can find different ideas to construct arithmetic word problem in 369
FIB
I can enhance my skill of construct arithmetic word problem by 378
observing the questions constructed by other teachers in FIB.
Via using FIB, | have more creative ideas about constructing 352

arithmetic word problem, and more easily to express my
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knowledge of application problem.

Table 3 The results to show whether FIB can inspire teachers to generate more various questions

The results show that most of teachers were inspired to construct arithmetic word

problem by using FIB, and most of them think their skill of construct arithmetic word

problem can be enhanced by observing other teachers’ questions. Moreover, the

results show that teachers’ idea of constructing question can be enriched by

folksonomy-based approach.

Questionnaire Item List Average
I am willing to share my arithmetic word prablem to everyone in 362
FIB.
| think the question shared by me can promote others’ skill of 3.49
constructing arithmetic word problem.” ‘
The idea of creation and sharing questions by teachers.in FIB can 3.74

also be applied to other domain.

Table 4 The teachers’ desire to share knowledge in FIB

Teachers think the folksonomy-based approach can also be applied to other

domain after using FIB. The most important information shown in the results is that

teachers are willing to share their knowledge to each other, and the ideas to construct

arithmetic word problems can be promoted by this kind of communication.

Some suggestions given by teachers are shown as follows:

It will be better to let teachers be able to add graph in arithmetic word problem.

46



It is a little bit difficult for beginners to construct arithmetic word problem if they

are not familiar with the operation of FIB.
5.3 DISCUSSION

The experiment shows that the folksonomy-based approach can reduce the
teachers’ workload and time for constructing arithmetic word problem, and the
teachers’ question construction ideas can be inspired others’ designed questions. In
addition, they think it is easy to create and edit arithmetic word problem by FIB, and
they are willing to share knowledge to each other. Overall, FIB is effective to generate

arithmetic word problems and share the knowledge of arithmetic word problem.
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CHAPTER 6 CONCLUSIONS AND FUTURE WORKS

In this thesis, we use folksonomy-based approach to collecting teachers’
knowledge about arithmetic word problem because a large amount of ideas of
arithmetic question structures and question scenarios generated by different teachers
can be shared and reused in order to reduce teachers’ effort to construct arithmetic
word problem. In order to facilitate managing and reusing the shared arithmetic word
problem knowledge, the proposed Arithmetic. Word Problem frame Hierarchy is
used to represent these problems bécause thg guestions of the same question structure
are stereotyped and the inheritance proberty of frames is appropriate to represent the
category structure of arithmetic word-problems: Besides, the rules embedded in the
frame can be used to apply different scenario.to the question structure; thus a large
amount of arithmetic word problems can be generated. On the other hand, we propose
question requirement ontology and scenario slot ontology to share and reuse question
requirements and scenario repository to facilitate question structures evolution and
various scenario applying. The proposed Arithmetic Word Problem Grammar can
facilitate the maintenance of arithmetic word problems and their evolutions including
Self-Evolution and Collaborative-Evolution. Self-evolution changes the arithmetic

logic to generate different problems. And collaborative-evolution integrates two

48



question structures into a new question structures. Finally, we apply scenarios shared

by teachers to question structures to generate arithmetic word problems.

In the future, systematic ontology consensus constructing approaches can be applied
to manage question requirement ontology and scenario slot ontology. Besides, the
natural language processing mechanism can be used with the semantic information
provided by question structures. ‘and. scenario slots to improve the description
sentences in the generated,arithmetic word prob|ems. With these improvements, FIB

can be more effective to provide higher quality arithmetic word problems.
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