MODEL-BASED PROCESS ANALYSIS OF
PROBLEM POSING AS SENTENCE INTEGRATION
IN ARITHMETIC WORD PROBLEMS

(A EO B ATRER I >N T o T L

NR— 2D 7 1t A55HT)

AHMAD AFIF SUPIANTO

D140720

Graduate School of Engineering
Hiroshima University
September 2017






DISSERTATION SUMMARY

Posing a problem comprises the generation of new problems as well as the reformulation
of given ones. Problem-posing activities are suitable ways to promote mathematical
thinking amongst learners. Providing learners with an opportunity to pose their problems
can foster flexible thinking and enrich basic concepts on learning mathematics.
Additionally, it has a positive effect on understanding mathematical concepts as well as
on learners’ views about what it means to know mathematics. Technology-enhanced
approaches have great potential for promoting learning by problem posing. In particular,
interactive learning systems provide enriched features where learners can pose the
problems individually, assessed automatically, and, at the same time, given feedback to
each posed problem. Monsakun, which means “Problem-posing Boy” in Japanese, is an
interactive learning system that encourages learners in posing problems of arithmetic
word problems. A slightly hidden potential of Monsakun practical uses that this thesis
explores is that they can open new opportunities for capturing learner’s digital traces of
activity. These data can be analyzed through a variety of techniques, from statistical to
data mining approaches that describe general aspects of learners' activity, learners'
tendency in fulfilling problem requirements, and learners' impasse in thinking during pose
the problems. Furthermore, the analysis of such data can provide means to help teachers
and researchers inspect the process followed by learners and develop support functions

and sophisticated feedbacks to learners.

Previous researches investigate learners pose the problems on Monsakun are intended
to analyze the pre- and post- test scores, examine the first selected sentence, and
concerning the completed posed problems. Investigations in such research are primarily
limited to analyzing the result of the process. This thesis extends the analysis by involving
the process of arranging the problem, which means every action of learners when they
pose the problems is examined to understand the learning process of posing problems on

Monsakun. Therefore, the purpose of studies in this thesis is to investigate and discover



the learning process of learners who learn problem-posing as sentence integration in

arithmetic word problems through the log of interaction data on Monsakun.

This thesis consists of six chapters. In Chapter 1, the research context and outlines
the goals, contributions, evaluation methods, and the general structure of the thesis are
described. Chapter 2 outlines relevant research on learning by problem posing, the use
of learning system for posing problems, the area of log data analysis, and the exploration
of previous work and the cognitive model related to the learning system mainly used in
this thesis: Monsakun Touch. In Chapter 3, we describe the process analysis of log data
of learners posing the problems on Monsakun to investigate whether learners consider the
problem’s structure in posing the required problems, focused on two different
perspectives: satisfying the required problem and avoiding the violated constraints. The
chapter presents correlation and difference analysis to investigate whether learners pose
problems by attempting to satisfy as many required constraints as possible and to avoid
as many violated constraints as possible. In case they violated the constraints, this chapter
shows further analysis to investigate whether learners tended to have difficulty avoiding
a particular type of constraint. Next, Chapter 4 presents visual representations of learners’
problem-posing process for discovering the bottlenecks in thinking while they pose the
problems. The study in this chapter traces sequences of learners’ actions and provide
insight in what type of condition learners got stuck. In addition, the chapter describes the
evaluation of the visualizations and the discussion of analysis result according to the
cognitive model involved. In Chapter S, we provide a detailed view of the reasoning
behind the design of our computer-based scaffolding system. From the technology
perspective, the system is the goal of the main studies in this thesis. The chapter presents
the articulation of the problems based on the log data collected, system architecture, and
operation procedures of the scaffolding system. Additionally, this chapter describes the
discussion of the proposed system related to the problem constraints. Finally, the

conclusion of this thesis and future work directions are given in Chapter 6.
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CHAPTER 1

INTRODUCTION

Summary: This chapter describes the research context of the thesis, the identified
learning problem and the methodology followed to address it. This thesis builds on
the intersection of three fields: Human-Computer Interaction, Educational Data
Mining, and Learning Analytics. The thesis proposes an analysis of log data as a
result of problem-posing activity that can be used to help understand learners’
thinking while posing problems using a problem-posing learning system. The thesis
shows how learners’ interaction data can be exploited and analyzed to detect learners
bottleneck in thinking so that the results can be used to enhance teacher’s feedback
become accurate and develop appropriate supports to the learners. This chapter
outlines the goals, contributions, evaluation methods and the general structure of the

thesis.

1.1 Context and Motivation

Posing a problem is a demanding process that requires critical thinking, evaluation, and
reflection. It is recognized as a key component in the nature of mathematical thinking
(Kilpatrick, 1987). Posing a problem involves generating new problems and questions
aimed at exploring a given situation as well as reformulating a problem during solving a
related problem (Silver, 1994). According to Devlin (2012), mathematical thinking is not
the same as doing mathematics, which usually involves some symbolic manipulations.
Mathematical thinking, by contrast, is a specific way of thinking about things in the world
includes logical and analytic thinking as well as quantitative reasoning. Therefore,
providing learners with an opportunity to pose their problems can foster flexible thinking,
enhance problem-solving skills, broaden their perception of mathematics, and enrich and

consolidate basic concepts (Brown and Walter, 1993; English, 1996).
1



In recent years, interest in integrating problem posing in mathematical instruction has
continuously grown among mathematics education researchers and practitioners (Cai and
Jiang, 2016; Ellerton, 2013; Norman, 2011; Singer et al., 2015). Investigations of
problems posed by learners and teachers in classrooms have provided insight into the
relationships between mathematical knowledge, skills, and processes (Chen et al., 2011;
Kilig, 2013; Stickles, 2011; Van Harpen and Presmeg, 2013). Given the importance of
problem-posing activities in school mathematics, some researchers have investigated
various aspects of problem-posing processes. One important direction is to examine
thinking processes related to the posed problems (e.g., (Bonotto, 2013; Sengiil and
Katranci, 2015). In examining thinking processes, assessment of each problem and
assistance based on it are necessary (Hirashima et al., 2007). Teacher assessment of posed
problems encompasses learners’ development of diverse mathematical thinking processes
(English, 1997). Since learners are usually allowed to pose several kinds of problems in
a broad range, it can be challenging for teachers to complete the assessment and feedback

for the posed problems in classrooms.

Sophisticated technologies can be used to address this problem. Research on Human-
Computer Interaction (HCI) has recently shown promise for the development of emerging
intelligent learning systems for exercising posing problems individually and providing
automatic assessment and feedback to each posed problem. Furthermore, a learning
system named Monsakun, which uses a computerized assessment for posing arithmetic
word problems in operations of addition and subtraction has been developed (Hirashima
et al., 2007). The system has many problem-posing assignments, and requests learners
pose the required problem by combining three simple sentences from given sentences
until they successfully pose the required problem in each assignment. An assignment in
here is a task for learners to pose a single problem. By using this system, the opportunity
to pose the problems for learners increases, the feedback according to their mistakes is
provided, and for teachers, checking the validity of the posed problems becomes easier.
In practical use and long-term evaluation, it was confirmed that learning by problem
posing with Monsakun is interesting and useful as a learning method (Hirashima et al.,
2008a). Lectures and exercises with Monsakun improve not only learners' problem-

posing skills but also their problem-solving skills (Yamamoto et al., 2012).



The basis of Monsakun is the triplet structure model (Hirashima et al., 2014) that
defines the structure of an arithmetic word problem using sentence integration. This
model deals with an arithmetic word problem that is solved using only one arithmetical
operation. It is the fundamental unit of conceptual quantity representation, and much more
complex the arithmetic word problems can be composed of the combination of the units.
An arithmetic word problem in this model is an integration of three sentences representing
numerical concepts. In addition to that, the model defines constraints for valid problems
that must be satisfied. When a learner can pose the required problem in Monsakun, the
problem certainly meets the constraints. In other words, posing problems in Monsakun is
the division of the task to pose an arithmetic word problem into two sub-tasks: generation
and integration of three sentences satisfying the required constraints and the replacement
of the generation (sub-) tasks by selecting tasks of sentences to achieve valid problems.
It is the same as the concept of the “kit-build concept map” and focuses learner’s thinking

processes on the structure of the learning content (Hirashima et al., 2015).

Although the usefulness of Monsakun has been confirmed for learning by posing
problems, it is necessary to investigate the validity of the learners' problem-posing
process in Monsakun and conduct discovery learning in order to generate inferences of
learners’ thinking from their behavior in learning systems. Investigation the validity of
posed problems reveals learners' consideration and thinking processes in regard to pose
the problems. Discovery learning plays a role in increasing learners’ motivation while
creating more opportunities for learners to assess how well they could overcome obstacles,

which may improve learning (Reiser, 1998).

The area of research that can provide with methods to exploit the rich contextual data
that can be captured from the learner’s activity on interactive learning system is the
emerging field of Educational Data Mining (EDM) (Baker and Yacef, 2009). While
Learning Analytics (LA) focuses on the educational challenge, deals with the
development of analytics for learning which concentrated on the perspectives of
institutions needs such as grades and persistence, and the perspectives of learners related
to their needs (Ferguson, 2012). Both LA and EDM reflect the emergence of data-
intensive approaches to education and improve the quality of analysis of large-scale

educational data, to support both basic research and practice in education (Siemens and



Baker, 2012). It can be used to find patterns of learner’s activity associated with strategies
or behaviors. These patterns may help produce information indicators of effective

strategies or less desired learning outcomes.

Previous research in investigating learners pose the problems on Monsakun analyze
the pre- and post- test scores, it suggests that the practice of problem-posing on the system
improves the learners’ ability not only in problem-posing but also in problem-solving
(Yamamoto et al., 2012). Further analyses have been conducted on this topic by
investigating the learners’ thinking processes based on the first selected sentence in
assignments (Hasanah et al., 2015a), concerning the completed posed problems (Hasanah
et al., 2015b). This thesis extends the analysis by involving the process of arranging the
problem, which means every action of learners when they pose the problems is examined
in order to understand the learning process of posing problems on Monsakun. It analyzes
problem-posing processes of Japanese first-grade elementary school students in an actual

class.

The intersection of the three fields HCI, LA, and EDM, in this context, raises a
challenging question. The question is how can log data of problem-posing activity be
automatically analyzed and exploited in the process level through data analytics

techniques? To address this, three sub problems arise from the previous question:

1. Do learners consider the structure of arithmetic word problem in posing the
problems using Monsakun? This is particularly important for giving confirmation
that learners did not pose the required problems randomly on Monsakun.
Investigation of the Monsakun log data based on its model is conducted to confirm
learners consider the constraints in posing valid problems. A first challenge is to
ensure that learners pose problems by satisfying as many constraints as possible.
A second challenge is to assure whether learners pose problems by attempting to
avoid as many violated constraints as possible and whether learners have
difficulty in avoiding a particular type of constraints.

2. Do the history of learners’ activity provide useful information regarding their
difficulty in thinking while posing the problems on Monsakun? The second issue
is to find ways to produce key patterns of activity that can be discovered from

learner’s data. Notably, discovering a situation in which learners got a difficulty
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in thinking while posing the problems, in the form of visualizations. A follow-up
issue is to analyze the difficulties and its changes in three trials of an assignment.
3. How can log of interaction data be analyzed and distilled to enhance learner’s
awareness of the problem’s structure of arithmetic word problems on Monsakun?
Addressing this question includes the analysis based on the activity data and the
model to build a computer-based scaffolding system. The scaffolding detects
individual learner's bottleneck in real-time while posing a problem and adaptively
provide a personalized task based on the bottleneck found. It is aimed to develop

the problem's structure knowledge for the future tasks.

1.2 Thesis Statement

This thesis aimed at analyzing the practical realization of the Monsakun system to address
the three questions described above through the following statement. It embodies the
approach of this thesis for supporting learner’s awareness of the problem’s structure while

posing the problems. The thesis statement is stated as follows:

To investigate and discover problem-posing processes through the log of interaction
data using statistical and educational data mining techniques for supporting learners

enhance their awareness of the structure of arithmetic word problems in Monsakun.

Figure 1-1 (context) lists a set of keywords that can help understand the crossing of the
three domains, HCI, LA and EDM, in terms of the thesis statement (in particular, and in
no order, interaction log data, problem-posing learning system, statistical data analysis,

visualizations, and computer-based scaffolding).

In order to provide support to learners in problem-posing activity, the interactive
problem-posing learning system should be able to automatically capture learner’s
activity in a way that it does not interfere or restrict learner’s interactions with the
technology. It should provide usability and interaction affordances that at least do not
produce an adverse impact on learner’s posing. Additionally, the structure of interaction
log data is necessary to be considered because the data structures should be easy to be
processed and extracted to obtain the useful information. In this thesis, we used the

concept of statistical data analytics to refer to the analysis techniques that can be applied



to investigate the interaction data captured from a problem-posing learning system.
Moreover, we include visual representations as one of the educational data mining
techniques. Visualizations could be fully leveraged to better understand via step-by-step
data logs generated by learning systems. The last key term that is relevant to this thesis is
scaffolding, especially computer-based scaffolding (Belland et. al., 2015). We use the
results of learning analytics on learning systems to support learners through developing

computer-based scaffolding system.

Analyzing problem-posing processes for supporting learners

Context . . ) h
in learning arithmetic word problems on Monsakun
HCI: Human-Computer LA: Learning Analytics EDM: Educational Data
Interaction Mining
Intersection

Problem-posing Interaction Statistical Data Visualizations Computer-based
Learning System Log Data Analytics Scaffolding System

How can log data of problem-posing activity be automatically analyzed and exploited
in the process level through data analytics techniques?

Selected Problems

\ 4
. Do the history of learners” activit How can log of interaction data be
Do learners consider the structure of . W . V .g K ,
R . . X provides useful information regarding analyzed and distilled to enhance learner’s
arithmetic word problem in posing the e e . : ,
roblems using Monsakun? their difficulty in thinking while posing the awareness of the problem’s structure of
P 8 : problems on Monsakun? arithmetic word problems on Monsakun?

f Thesis Statement

To investigate and discover problem-posing processes through the log of interaction data using statistical and educational data mining
- techniques for supporting learners enhance their awareness of the structure of arithmetic word problems in Monsakun

Goals //V\

~ =
Chapter 3: Chapter 5:
Investigate learners' thinking through ) ) Chapter 4: i Design a computer-based scaffolding
their actions during problem-posing F"rowde.a visual .representatlon for, system to enhance learner’s awareness
processes on Monsakun in terms of the discovering the dlﬁ.\culty of leamers of problem’s structure while posing the
constraints problem-posing process problems on Monsakun

/
el ——
cont ri b utions Automatic approach to discover Analysis of learners’ difficulty in learning by
patterns through visualizations problem posing on an interactive learning system
h Y
Data analytics in problem-posing processes | \ /\| Design a computer-based scaffolding
in term of the constraints | \ / = | system on Monsakun
Validation
v v
‘ Statistical and qualitative analysis ‘ ‘ Data mining and qualitative analysis ‘ Design system requirements ‘

Figure 1-1 Overview of the context, goals, contributions and evaluation of this thesis.



Scaffolding is defined as providing assistance to a learner when needed and fading
the assistance as the competence of the learner increases (Wood et al., 1976). This reduces
the difficulty of complex learning and at the same time, let the learners focus on
constructing knowledge and higher-order demands like thinking critically (Way and
Rowe, 2008). The use of technology-based tools, learners received computerized
scaffolds supporting their metacognitive activities in the learning process (Molenaar and
Roda, 2008). The computerized scaffolding system generated the appropriate instance to

send a scaffold based on the learner’s attention focus.

1.3 Thesis Goals

Having described the research context and stated the thesis statement, we have formulated

the main goals of the thesis (see Figure 1-1, Goals):

1. Investigate learners' thinking through their actions during problem-posing processes
on Monsakun in terms of the constraints. There are previous works on examining
satisfaction of the constraints learners in posing problems on Monsakun (Hasanah et
al., 2015a, Hasanah et al., 2015b). However, investigations in such research are
primarily limited in analyzing the first selected sentence and examining the posed
problems as the result of the process. We extend the analysis by involving the process
of arranging the problem. This goal addresses our first question: Do learners
consider the structure of arithmetic word problem in posing the problems using
Monsakun? The first study, we traced and investigated every action of learners in
posing the problems on Monsakun focused on how learners satisfy the required
constraints. Particularly, the goal of the first study addresses a question: Do learners
pose the problems by satisfying as many constraints as possible? The analysis result
is to demonstrate that the learners consider the constraints by satisfying them. In other
words, they did not pose the required problems randomly. The second study
investigated the problem-posing process and revealed the trends of the process,
focusing on the violation of constraints. In particular, this goal addresses a question:
Do learners pose problems by attempting to avoid as many violated constraints as
possible? Tt was aimed to prove that learners tend to avoid as many violated
constraints as possible in composing problems. Furthermore, the fact that learners
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gave wrong answers illustrates that learners cannot avoid some mistakes. It emerges
another question: Do learners have difficulty avoiding a particular type of
constraint? For this reason, we detect the difficulty of learners regarding the violation
of constraints. It was aimed to prove that learners have difficulty avoiding some
specific types of constraints. This exploration and discussion are mainly described in
Chapter 3 and in the following peer-reviewed papers (Supianto et al, 2016a; Supianto
et al., 2016¢; Supianto et al., 2017b; Supianto et al., 2017c).

. Provide a visual representation for discovering the difficulty of learners’ problem-
posing process. It is challenging to define ways to present the information about
learners’ behaviors in a manner that is readily understood and useful for teachers and
researchers. This goal addresses the second question: Do the history of learners’
activity provides valuable information regarding their difficulty in thinking while
posing the problems on Monsakun? For this, we presented a visual representation for
analyzing the problem-posing processes of learners. These visualizations detected
learners experience bottlenecks and misunderstanding while posing the problems on
Monsakun. This research is described in Chapter 4, and the results of the research
associated with this goal were published in the following papers (Supianto et al.,
2015a; Supianto et al., 2015b; Supianto et al., 2016b).

. Design a computer-based scaffolding system to enhance learner’s awareness of
problem’s structure while posing the problems on Monsakun. This goal addresses
our third question: How can log of interaction data be analyzed and distilled to
enhance learner’s awareness of the problem’s structure of arithmetic word problems
on Monsakun? This goal calls for the integration of the tracing procedure of learner's
activity on problem-posing learning system, the analysis of log data based on the
constraints, and the visualization of detecting learners experience bottlenecks in
order to discover the individual learner's bottleneck in real-time while posing a
problem and adaptively provide a personalized task based on the bottleneck found. It
is aimed to support the learner in overcoming the bottleneck and fostering learner’s
consideration about the problem structure while posing arithmetic word problems on
Monsakun. The design and implementation of the scaffolding system described in
Chapter 5. Results of the study associated with this goal were presented in (Supianto

et al., 2016¢) and published in (Supianto et al., 2017a).
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1.4 Thesis Contributions

The main contribution of this thesis is the investigation and discovering problem-posing
processes through the log of interaction data using statistical and educational data mining
techniques for developing a computer-based scaffolding system to provide support to
learners by enhancing their awareness of the structure of arithmetic word problems in

Monsakun.

The subsidiary contributions are listed in Figure 1-1 (Contributions) and can be

described as follows:

1. Data analytics in problem-posing processes in term of the constraints. From the
data analysis aspect, this thesis contributes to the deep exploration of learners
thinking in posing problems by applying statistical techniques to confirm learners
consider the constraints in posing valid problems.

2. Visualization of learners’ bottleneck in posing the problems. Another contribution
is the discovering learners' difficulty through visualizations of learners' interaction
data that can be shown to 1) teachers, in order to provide more helpful and
appropriate feedbacks and 2) researchers, in order to consider methods or develop
systems that can help learners to overcome their difficulty.

3. Design a computer-based scaffolding system on Monsakun. We design a new
version of Monsakun. This application presents novel affordances, including
tracking interaction log data in the real-time, detecting learner's bottleneck in
thinking through evaluating the data collected, and generate a personalized task

based on the bottleneck found.

1.5 Research Methodology and Validation Methods

In accordance with the research areas involved in each objective of the thesis, we started
investigating problem-posing process log data to verify learners' thinking process. We
were then exploring available dataset to discover compelling circumstances regarding
learners' deadlock in thinking. Promising results and new areas for further development

of problem-posing learning system emerged after that exploration, thus motivating the



conception of a novel support function and scaffolding system approach. We followed
the next general phases proposed by Glass (1995), each associated with one or more thesis

chapters (the order does not indicate strict time sequence, see Figure 1-2):

1. The informational phase. A literature survey of the current state of research was
conducted on existing problem-posing learning systems, investigation of learners
interaction log data, determine appropriate methods to dig up the data collected,
and development computer-based scaffolding systems. In addition, we gathered
information on the theoretical foundation of the cognitive model of the problem-
posing learning system.

2. The analytical phase. In this phase, the conceptual solution was formulated based
on the literature review and exploratory of previous research. Methods of
technological approaches were conducted, and substantial dataset was collected
that further analyzed mainly through statistical analysis and data mining

techniques.

Informational H Analytical H Evaluative H Propositional

Milestones - — —

[
‘ Investigation on satisfying the ‘

Literature survey

| Theoritical foundation
of the cognitive model
behind the learning [
environment

required constraints and avoiding
the violated constraints

Visualization of the learners’ bottlenecks

| Design of computer-based scaffolding system

- - ---—— Thesis Chapters

Ch. 2 — Background

A M
Ch. 3 — Data Analytics in term of )

the Constraints

! i

< Ch. 4 —Visualizations >
1

A

i\
< Ch. 5 — Scaffoding System )
N “

Figure 1-2 Research phases: associated milestones and thesis chapters.
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3.

The evaluative phase. The investigation and evaluation of the dataset were
conducted in this phase. The validation of our approach was mainly carried out
by performing quantitative evaluations with qualitative assessments to aspect
specific research questions.

The propositional phase. The conceptual framework of support system is stated
based on the analytical and evaluative phases that are described above. The design,
implementation, and validation of the technological infrastructure in supporting
learning were conducted. As a result, the computer-based scaffolding system was

designed and developed.

Our main validation approach consisted of collecting, analyzing, and discovering data

in a series of studies to provide a better understanding of the research problem (Creswell,

2013). In most of these studies we analyzed collected data quantitatively, and qualitative

information discussed to confirm that the trends that might be automatically discovered

are meaningful in problem-posing learning contexts. This mixed method served to

evaluate the different aspects of our approach and the developed system. The specific

validation methods and their relationships with the contributions of the thesis are listed

in Figure 1-1 (Validation), and can be described as follows:

1.

2.

3.

Statistical and qualitative analysis. Two studies were conducted to analyze the
historical data of learners' posing activity. Correlation and difference analyses
were performed to find the trends that can be associated with learners' strategies
and problem-posing processes. Then, a qualitative analysis was used to validate
the meaning of the results according to the cognitive model of the learning system.
Data mining and qualitative analysis. A study was proposed to explore learners'
posing data. A data mining approach was implemented to find patterns that
indicate learners difficult on understanding the structure of the problems. A
qualitative analysis was also discussed to validate the meaningfulness of the
patterns discovered.

Design system requirements. The scaffolding on problem-posing learning system
for support learning was iteratively built and validated according to the system

requirements before being used in the tablet PC setting.
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1.6 Thesis Structure

This section describes the chapters of the thesis. Figure 1-3 illustrates the structure of the

thesis and the publications associated with each chapter.

Chapter 1 — Introduction - describes the research context and outlines the goals,

contributions, evaluation methods, and the general structure of the thesis.

Chapter 2 — Background - outlines relevant research on learning by problem posing,
the growing usage of learning system for posing problems, the area of log data analysis,
and the exploration of previous work and the cognitive model related to the learning

system mainly used in this thesis: Monsakun Touch.

Chapter 1: Introduction ‘ |$ | psciicce 2015 ]

Chapter 2: Background

l ITS 2016 I RPTEL 2017 I
Chapter 3: Log Data Analytics in term of the Constraints ‘
L l ICCE 2016 I IEICE 2017 ]

Chapter 4: Visualisations of Learners Activity in Posing ‘ ¢ l ICCE 2015 l

the Problems ws TEL-PP 2015 RPTEL 2016 ]
Chapter 5: Designing a Computer-Based Scaffolding on a l 10P 2017 l
Problem-Posing Learning System
. Notation:
. I Journal articles l
Chapter 6: Conclusions and Future Work

[ Conference proceedings I

[ Workshop paper or similar ]

Figure 1-3 Structure of the research covered in this thesis and related published papers.

Chapter 3 — Log Data Analytics of the Learners Thinking in term of the Constraints -
describes the process analysis of log data of learners posing the problems on Monsakun.
The chapter investigates whether learners did not think randomly in posing the required
problems. This chapter focused on examining the problem constraints composed by
learners. It presents statistical analysis according to the learners in which they attempt to
satisfy the required constraints and to avoid the violated constraints. In case they violated
the constraints, this chapter shows further analysis to investigate whether learners tended

to have difficulty avoiding a particular type of constraint.
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Chapter 4 — Visualizations of Learners Activity in Posing the Problems - presents
visual representations of learners’ problem-posing process for discovering the bottlenecks
in thinking while they pose the problems. The study in this chapter traces sequences of
learners’ actions and provide insight in what type of condition learners got stuck.
Additionally, the chapter describes the evaluation of the visualizations and the discussion

of analysis result according to the cognitive model involved.

Chapter 5 — Designing a Computer-Based Scaffolding on a Problem-Posing Learning
System - provides a detailed view of the reasoning behind the design of our computer-
based scaffolding system. From the technology perspective, the system is the goal of the
main studies in this thesis. The chapter presents the articulation of the problems based on
the log data collected, system architecture, and operation procedures of the scaffolding
system. Additionally, this chapter describes the discussion of the proposed system related

to the problem constraints.

Chapter 6 — Conclusions and Future Work — revisits the studies presented in this thesis

and describing the promising research avenues for future studies.
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CHAPTER 2

BACKGROUND

Summary: This chapter reviews the state of research at the intersection of the
multiple disciplines that are the focus of this thesis. First, we present the previous
research work on learning by problem posing and how it relates to mathematical
thinking and understanding. We discuss the importance of problem-posing activities
in mathematics. Then, the current state of research of problem-posing learning
systems is discussed. We review the current affordances and the learning effects of
such technology to promote learning by problem posing. Furthermore, we present
detail explanation of the triplet structure model which defines the structure of
arithmetic word problems and Monsakun as the problem-posing learning system
used at practical realization in posing arithmetic word problems, which is the target
of analyses in this thesis. Next, we review work on the analysis of problem-posing
activity through statistical or data mining techniques on the learners' log data. As the
analysis results of studies in this thesis are used to help learners in mastering
arithmetic word problems, we present the concept of scaffolding systems to support

learning and the research upon them.

2.1 Learning by Problem Posing

Understanding, more than knowing or being skilled, has always been considered an
important goal in learning mathematics. Understanding, as it happens, is a process
occurring in the learner's mind; more often, it is based upon a long sequence of learning
activities during which a great variety of mental processes occur and interact (Dreyfus,
2002). Activities which could provide us with valuable insights into children’s
understanding of mathematical concepts and processes, as well as their perceptions of,

and attitudes toward mathematics in general, is problem-posing activities (Brown and
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Walter, 1993). Problem posing is considered to be an essential part of mathematical
activities. Problem posing can also promote a spirit of curiosity and more diverse and
flexible thinking (English, 1997). It is recognized as a key component in the nature of
mathematical thinking (Kilpatrick, 1987). Devlin (2012) asserted that mathematical
thinking is not the same as doing mathematics, which usually involves the application of
procedures and some heavy-duty symbolic manipulations so that it learns to think inside-
the-box. In contrast, mathematical thinking is a specific way of thinking about things in
the world includes logical and analytic thinking as well as quantitative reasoning so that
it learns to think outside-the-box. Learners who are engaged in problem-posing activities
become enterprising, creative and active learners. Therefore, the development of
problem-posing skills for learners is one of the principal aims of mathematics learning,

and it should occupy a central role in mathematics activities (Crespo, 2003).

2.1.1 Problem Posing Ability and Processes

There is an increased emphasis on providing learners with opportunities for posing
problems in the mathematics classroom (Cankoy, 2014; Singer et al., 2011; Stoyanova,
2005). Research studies provided evidence that problem posing has a positive influence
on learners’ ability to solve word problems (Leung, 1996; Leung and Silver, 1997, Silver,
1994), and confirmed that learning by problem posing in classrooms is a promising
activity in learning mathematics (English, 1997a; English, 1997b; English, 1998; Silver
and Cai, 1996). Silver and Cai (1996) found that students generated a significant number
of solvable mathematical problems, many of which were syntactically and semantically
complex, and that nearly half the students made sets of related problems. English (1997a)
asserted that problem posing improves learners’ thinking and confidence in mathematics
and contributes to a broader understanding of mathematical concepts. English (1997b)
found that learners who participated in specific programs on problem posing created
solvable problems and most of them created quite sophisticated problems using semantic
relations in their problems. English (1998) investigated the problem-posing abilities of
children who displayed different profiles of achievement in number sense and novel

problem-solving.
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Given the importance of problem-posing activities in mathematics, some researchers
have investigated various aspects of problem-posing processes. One important direction
is to examine thinking processes related to problem-posing activities (e.g., Bonotto, 2013;
Sengiil and Katranci, 2015). Other studies underline the need to incorporate problem-
posing activities into mathematics classrooms to determine prospective teachers’
problem-posing skills appropriate to selecting, translating, comprehending, and editing
models and the possible difficulties they could encounter during the process in fraction
problems (Isik et al., 2011), to explore students' creativity in mathematics by analyzing
their problem-posing abilities in geometric scenarios (Van Harpen and Sriraman, 2013),
and to examine the knowledge influences of learners’ abilities in posing combinatorial
problems (Melusova and Sunderlik, 2014). Furthermore, some studies provide evidence
that problem posing has a positive influence on students’ abilities in problem solving (e.g.,
Kar et al., 2010; Sengiil and Katranci, 2012). Kar et al. (2010) asserted that the positive
relation between posing and solving problems is an indicator of the acceptance of
problem-posing skills as a phase in the development of problem-solving skills. In the
analysis of the posed problems, the participants map the level of their own notions and
concepts, understanding, and various interpretations and realize possible misconceptions
and erroneous reasoning (Tich4 and HoSpesova, 2009). Learning to pose problems might
also enhance learning to understand mathematical concepts (Pirie, 2002). Pirie (2002)
said that, in asking questions on mathematical concepts, students might come to
understand those concepts in a more generalized, less context-dependent way. In addition,
Toluk-Ugar (2009) emphasized that problem posing has a positive effect on
understanding fractions as well as on learners’ views about what it means to know

mathematics.

2.1.2 Classification of Problem Posing Task

Although there is a wide variety of problem posing tasks (Silver and Cai, 1996), research
so far indicates only a few ways to classify them. According to Hershkovitz and Nachmias
(2009), the variety of analyses of problem-posing in educational research is classified into
the subject of research and time reference. The subject of research might focus on the
individual learner or a group of learners, and time reference depicts a learning process

might be analyzed as end-point level (i.e., from a summarizing point of view) or at a
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process level that describing various behaviors/activities that occur in the course of it.
Moreover, Stoyanova (1998) identified three categories of problem-posing experiences
that increase students’ awareness of different situations to generate and solve

mathematical problems:

(1) Free situations, refer to situations in which learners pose problems without any
restriction; they can generate a new problem utilizing a situation from daily life
or a given subject.

(2) Semi-structured situations, refer to ones where learners are asked to pose
problems, which are similar to given problems or to pose problems based on
specific illustrations. Learners are given an open-ended situation; then they are
requested to pose problems that are similar to given problems or to write problems
based on specific pictures and diagrams in order to utilize their knowledge, skills,
and experience.

(3) Structured problem-posing situations, refer to situations where learners pose
problems by reformulating provided solved problems or by varying the conditions
or questions of given problems. In structured problem-posing strategy; the known
can be changed to pose a new problem or, the needed can be modified by

maintaining the data presented.

2.2 The Use of Learning Systems for Posing Problems

With the rapid advancements in information technology and the discovery of the boosting
effect of problem posing on problem-solving abilities and motivation in mathematical
learning, researchers have attempted to develop problem-posing learning systems by
applying information technology. A learning system called the Question Authoring and
Reasoning Knowledge System (QuARKS) (Yu, 2009), which allows learners to
contribute to and benefit from the process of question construction and peer feedback
regarding composed questions in a cyclic manner, was developed. Essentially, QUARKS
is comprised of two subsystems: question authoring and question reasoning. In the
question authoring phase, learners generated questions activities, such as true-false,
matching, fill-in-the-blank, multiple-choice, short-answer, and so on. All questions are
kept in an item bank database, waiting to be evaluated by peers and redefined by the
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author in the follow-up question reasoning phase. In the question reasoning phase,
QuARKS was devised in such a way as to allow interacting counterparts to communicate
easily, in writing, about specific question items to enhance interaction, collaboration, and

negotiation of meaning between question-composers and their peers (assessors).

Another approach is called Animalwatch Web-based Environment (AWE) (Arroyo
and Woolf, 2003), an on-line content authoring system that supports the creation of word
problem “adventures” for mathematics. AWE is an intelligent tutoring system that teaches
mathematics with word problems, which are integrated into narratives about endangered
species to engage student interest and help them appreciate the value of learning math.
Students authored one episode for their adventure and called it something along the lines
of “Meet the (endangered species).” Students then authored addition, subtraction, and
multiplication word problems related to the number facts that had collected for their
species. Teacher supervision of the resultant word problems was then held in order to

clarify students’ misconceptions.

On the other hand, a computer-based learning system that promotes the problem-
posing activity of arithmetic word problem as sentence integration was developed
(Hirashima et al., 2007). In posing problems via sentence integration, several simple
sentences are provided to a learner. The learner, then, selects the necessary sentences and
arranges them in an appropriate order. This approach makes straightforward and goal-
oriented problem-posing tasks possible even for lower elementary students while
maintaining its value as a viable learning method and practical approach to data collection
in an interactive learning system. Studies in this thesis conducted an analysis of learners

problem-posing activity uses this system.

2.2.1 Problem Posing Techniques on Learning Systems

Several problem-posing techniques on interactive learning systems have been conducted.
One approach is using the question-posing technique. The systems allow students to
generate different types of questions using various media formats with peer-assessment
using one type of communication mode (Wilson, 2004) and multiple peer-assessment
modes (Yu, 2011). The studies evaluated students’ abilities to pose questions and their

processes in an online learning system. Lan and Lin (2011) developed a system
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integrating a reward mechanism into assessment activities and analyzed student’s abilities
to pose questions in a web-based learning system. Moreover, Hung et al. (2014b)
investigated the effect of promoting questioning ability in problem-based scientific
inquiry activities. The research developed a ubiquitous problem-based learning system

regarding learners’ question-raising performance.

The second approach is learning from the example technique. This support system is
developed to facilitate posing of diverse problems by learners using examples. Leikin
(2015) described posing various types problems associated with geometry investigations
using examples from a course with prospective mathematics teachers, while Hsiao et al.
(2013) conducted examples across three homework exercises in which students were
required to generate at least one applied problem. The studies showed that integrating
worked examples into problem posing has a significant skill development effect on posing
more oriented and complex problems. Moreover, Kojima et al. (2015) presented examples
that are merely shown to the learners and prompted them to compare the base with their
posed problems. They investigated the effects of learning from an example on solution

composition for posing problems.

Another approach is learning by problem posing as sentence integration. Problem
posing as sentence integration requires learners to interpret the sentence cards and
integrate them into one problem. In an assignment, the system presents a requirement,
which consists of a story type and a numerical expression. The system asks learners to
arrange the provided sentence cards based on the requirement. The use of the sentence
integration method was proven to improve learning by problem-posing for students in
lower elementary school. A long-term evaluation of the system was carried out, and the
study confirmed that it was interesting and useful for learning (Hirashima et al., 2008a).
Moreover, the system also improved the problem-solving ability of low-performance
students (Hirashima et al., 2008b). In 2011, a task model of problem-posing was
developed that dealt with not only the forward-thinking problem but also the reverse-
thinking problem (Hirashima and Kurayama, 2011). Yamamoto et al. (2012)
implemented the system on a tablet-PC platform so that the teacher was able to use it in
the usual classroom. Then, they enhanced by developing online connected media tablet

and reported that utilized this approach improved learners’ abilities not only in problem
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posing but also in problem solving (Yamamoto et al., 2013). Finally, an interactive
learning system for learning by problem-posing based on the triplet structure model was
developed and practically used (Hirashima et al., 2014). In practical uses, it was
confirmed that learning by the system was a useful learning method. Studies in this thesis
used the learning system that the above studies used, which is problem posing of
arithmetic word problems with sentence integration based on triplet structure model. It
used a tablet-PC platform, which learners can practice the system in the classroom

individually.

2.2.2 Assessment and Investigation of the Posed Problems

In problem-posing, assessment of each posed problem and assistance based on it are
necessary (Hirashima et al., 2007). Self- and peer-assessed posed problems were
examined to determine the effect of learners’ self-assessment of their mathematical
creativity (Shriki and Lavy, 2014), to explore learner’s learning and knowledge sharing
while engaged in an online question-posing and peer-assessment activity (Barak and
Rafaeli, 2004), and to determine which peer-assessment mode(s) students perceive most
positively using student generation of questions (Yu, 2011). Moreover, an online learning
system with a focus on student-question generation strategy (Yu, 2009), was adopted and
the effects of student question-generation on civics and citizenship (Yu and Pan, 2014)
and English learning (Yu et al., 2015) have been reported. Student academic achievement,
question-generation performance, learning satisfaction and learning anxiety, as well as
learning motivation have been investigated. Self- and peer- assessed posed problems were
also examined in these studies. In contrast, diagnosis functions that can assess and give
automatic feedback to each posed problem, especially in learning arithmetic word
problem, have been proposed (Nakano et al., 1999; Hirashima et al., 2000). This
automated way of diagnosis-facility assessment is called agent-assessment. Furthermore,
a computer-based learning system that uses practical agent-assessment has been

developed (Hirashima et al., 2007).

Investigations of problem posing from the viewpoint of interactive learning systems
promote active engagement in learning through the activities of learners. Chang et al.

(2012) developed game-based problem-solving modules in a mathematics problem-
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posing system and investigated the effects of the problem-posing system on students’
abilities to pose and solve problems. Yamamoto et al. (2012) and Abramovich and Cho
(2015) demonstrated how the appropriate use of digital technology tools could motivate
problem-posing activities and evaluate the learner’s performance by assessing the number
of posed problems. Hung et al. (2014a) investigated the effects of an integrated mind
mapping and problem-posing approach on learners’ in-field mobile learning performance
in an elementary school natural science course. Moreover, Majumdar and Iyer (2015)
presented how an online visual analytic tool can be used to analyze clicker responses
during an active learning strategy where the instructor poses a multiple-choice question.
Studies in this thesis, an interactive learning system is used to encourage learners in
posing arithmetic word problems. The system asks learners to arrange and integrate five
or six presented sentence cards into a problem, which consists of three sentence cards.
We analyze at the process level to find out the learners' tendencies while posing the

problems in the system.

Several studies examined learners’ behaviors through a collaborative problem-posing
strategy. Beal and Cohen (2012) demonstrated that the mathematics problem-posing skill
was improved when the activity was carried out over an online collaborative learning
system. Mishra and Iyer (2015) implemented a collaborative problem-posing activity in
which two learners collaborated as a team to generate questions. Sung et al. (2016)
conducted a group collaborative problem-posing mobile learning activity. They found
that such an approach could improve learning achievement and group learning self-
efficacy. Studies in this thesis analyze log data of learners' activity collected from a tablet

personal computer-based software for learning by posing arithmetic word problems.

2.3 The Problem-Posing Learning System based on the Triplet
Structure Model

Having reviewed the use of learning systems for posing problems and described the
techniques among them, this section describes one of problem posing techniques in more
detail. We explain the triplet structure model, the task model, the constraints based on the

task model, and the learning system that have been developed based on such model.
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Following discussion is focused on the model in arithmetic word problems of addition
and subtraction which is used in the studies of this thesis. One of the main reasons that
arithmetic word problems are so crucial to learners learning mathematics is the way they
show how mathematical concepts apply to real-world situations. This is in line with the
purpose of mathematical thinking that involves logical and analytical thinking about
things in the world. In addition, arithmetic word problems require higher order thinking
because word problems require more than simply looking at numbers and symbols and
figuring the solution. Learners must be able to read the problem, get the related
information out of the problem, and make sure the answer makes sense in the context of

the problem.

2.3.1 The Triplet Structure Model

Triplet structure model, as shown in Figure 2-1, describes the components of arithmetic
word problems and the basic structure of them (Hirashima et al., 2014). In this model, an
arithmetic word problem is defined that it consists of three sentences including different
quantities. Each sentence has to represent only one quantity with the meaning of them in
the story. The three sentences include two “independent quantity sentences” and one
“relative quantity sentence.” Independent quantity sentences describe numbers of objects,
for example, “There are 3 white rabbits.”, “There are 5 black rabbits.” and so on. Relative
quantity sentences describe the relationship between the other independent quantity
sentences, for example, “There are 8§ white and black rabbits altogether.”, “2 white rabbits
come.” and so on. Although an independent quantity sentence can be used in any story
type, a relative quantity sentence is used only in one particular story type. Therefore it

99 ¢

contains keyword determining the type of story, for example, “...altogether,” “...come,”

9% ¢

“...go away,” “...less than...” or “...more than...”

There are four story types in arithmetic word problems of addition and subtraction: 1)
combination, 2) increase, 3) decrease, and 4) comparison. The differences among them
are defined as differences of integration of sentences. For instance, a combination story
type problem, one independent quantity sentence describes the quantity of an object, and
the other independent quantity sentence represents the quantity of another object. The

relative quantity sentence expresses the total quantity of the two objects. The following
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example is a typical arithmetic problem that is expressed by the triplet structure model in

a combination story:

(1) There are 3 white rabbits (first independent quantity sentence).
(2) There are 5 black rabbits (second independent quantity sentence).
(3) There are 8 white and black rabbits altogether (relative quantity sentence).

Numerical Relation Story | 3+5=8

"/.There are 3 white rabbits « ) S
There are 5 black rabbits +

~ Independent quantity sentence

Arithmetic Story . “[7 7 Independent quantity sentence
There are 8 white and black .| Relative quantity sentence
. ra bhits altogether )
Arithmetic F‘r_‘ob_lem ithimetic Problem Arithmetic Problem
{Fomard Thmkmg) (Rell'erse Thlnk|ng}| (RE“JE‘HE‘ Thlnklng]
"/-There are 3 white rabbits A "/There are 3 white rabbits ) "/There are ? white rabbits '
There are 5 black rabbits There are ? black rabbits There are 5 black rabbits
There are ? white and black There are 8 white and black There are 8 white and black
rabbits altogether )L ra bhits altogether AN rabbits altogether )
345=7 345=7 3+7=8 8-3=7 7+5=8 8-5=7
Numerical Numerical Numerical Numerical Numerical Numerical
Relation Relation Relation Relation Relation Relation
Problem Calculation Problem Calculation Problem Calculation

Figure 2-1  Relation between arithmetic story and problem.

In this story, the changes to the order of the sentences do not affect the problem story. For
example, when the sentence “There are 8 white and black rabbits altogether,” is placed at
the beginning, followed by “There are 3 white rabbits,” and ends with “There are 5 black
rabbits,” this new composition still forms the problem story. This situation also applies

to the comparison story type.

Although increase and decrease stories are also composed of two independent
quantity and one relative quantity sentence, a different role is implemented. One
independent quantity sentence describes the quantity before an increase or decrease, and
the other independent quantity sentence represents the quantity after an increase or

decrease. Each independent quantity sentence only describes the quantity of an object.
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The relational sentence describes the quantity of the increase or decrease. The relative
quantity sentence expresses the relation between before and after the quantity of the
increase or decrease. The following is a typical arithmetic word problem that is expressed

by the triplet structure model in a decrease story:

(1) There are 5 white rabbits (first independent quantity sentence).
(2) 2 white rabbits go away (relative quantity sentence).

(3) There are 3 white rabbits (second independent quantity sentence).

In this case, any change in the sentence order will affect the problem story. For example,
if the relative quantity sentence “2 white rabbits go away” is placed at the beginning, this
composition cannot form the problem story. It is wrong in the story when suddenly two
white rabbits go away without explaining their prior existence. The initial quantity of

white rabbits is required.

In this model, depending on the combination of two independent quantity sentences
and one relative quantity sentence, the role of each sentence is changed. The relation
between an arithmetic story and other problems is shown in Figure 2-1. Based on the
answer to the arithmetic word problem, it is possible to make a numerical relation and a
cover story composed of all known numbers. We call this cover story as an “arithmetic
story,” and this numerical relation as a “numerical relation story.” Then, the numerical
relation in the problem including the unknown number is called a “numerical relation
problem,” and a numerical relation used in the calculation is called a “numerical relation
calculation.” When the numerical relation problem is the same as the numerical relation
calculation, understanding the cover story is the same as solving the problem. We call
such a problem a “forward-thinking problem.” However, when the numerical relation
problem is different from the numerical relation calculation, it is necessary to transform
the numerical relation problem to a numerical relation calculation after understanding the
cover story. We call such problem a “reverse-thinking problem.” Because it is required
to comprehend the relation between two structures, reverse-thinking problems are more

severe than forward-thinking problems.
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2.3.2 The Constraints based on the Task Model

The task model of problem-posing via sentence integration was developed based on the
consideration of problem types in the triplet structure model (Kurayama and Hirashima,
2010). Based on the task model, we have devised five main constraints to be satisfied by

each posed problem, which are:

(1) Calculation — which is the numerical expression representing the story type.
Calculation structure requires numbers assigned to the correct sentence structure,
whether an independent quantity sentence or relative quantity sentence according
to the story type.

(2) Story type — which is one of the four available story types. They are combination
story, increase story, decrease story, and comparison story. The story type should
be identified in the problem requirement.

(3) Number — which is the quantity in the sentence. Number structure requires the
consistency of numbers in the problem. Each number in the problem must be
derived from the other numbers.

(4) Objects — which is the entity in the sentence. Object structure also requires the
consistency of entities in the sentences. For example, if the story type is increase
or decrease, the objects in the three sentences must be the same. On the other hand,
if the story type is combination or comparison, objects in the independent quantity
sentences are different, and both are in the relative quantity sentence.

(5) Sentence structure — which is the composition of sentences. As defined in the
triplet structure model, an arithmetic word problem must consist of two
independent quantity sentences and one relative quantity sentence. The type of

relative quantity sentence is related to the story types.

When a posed problem satisfies all five constraints, the required problem in the
assignment is successfully posed. When a posed problem satisfies less than five
constraints, the posed problem partially fills the requirements, and the unsatisfied
constraints represent the cause of the inadequateness for the requirements. This also
means that the posed problem is not meaningless because it still satisfies some constraints.

When a posed problem satisfies no constraint, the problem is meaningless.
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An example of several compositions of sentence cards and their satisfaction of
constraints are presented in Figure 2-2. The requirement of this assignment is to make a
story problem about “How many are there overall” that can be solved by “8 - 3,” which
is an arithmetic word problem with a combination story type. There are six available

sentence cards composed of the following:

(1) There are 3 white rabbits; (4) There are 8 white rabbits;
(2) There are ? black rabbits; (5) There are 3 more white rabbits than
(3) There are 8 white and black rabbits black rabbits; and
altogether; (6) There are 3 brown rabbits.
Satisfied Constraints Posed problem Satisfied Constraints Posed problem

Calculation Calculation

There are 8 white rabbits There are 3 white rabbits

Story type Story type There are 3 more white

There are 3 brown rabbits

rabbits than black rabbits

Number There are _ black rabbits

There are _ black rabbits

Object

Remaining Available sentence cards Remaining Available sentence cards

[There are 8 white rabbits and ]
black rabbits altogether

Sentence structure

There are 8 white rabbits and
black rabbits altogether

r B mmIII

[There are 3 white rabbits ] There are 3 brown rabbits

There are 3 more white ] T 8 whi bbi
rabbits than black rabbits ere are 8 white rabbits
a b
Satisfied Constraints Posed problem Satisfied Constraints Posed problem

There are 8 white rabbits @ There are 3 white rabbits

There are 3 more white @ There are _ black rabbits

rabbits than black rabbits

There are 8 white rabbits and

There are _ black rabbits black rabbits altogether

Remaining Available sentence cards Remaining Available sentence cards

[There are 3 white rabbits } There are 3 more white
rabbits than black rabbits
[There are 3 brown rabbits ] [ There are 3 brown rabbits ]
There are 8 white rabbits and i i
black rabbits altogether There are 8 white rabbits
c d

Figure 2-2  Example of several compositions of sentence cards and their satisfaction of constraints.
a-c compositions that satisfy part of constraints. d composition that satisfies all constraints.

27



The first example only satisfies one constraint, number (see Figure 2-2a). In this case,
the learner only focuses on the number. No story can be built from this composition, nor
the calculation and sentence structure. It can be calculated and well-structured when it
consists of two independent quantity sentences and one relative quantity sentence, instead
of only independent quantity sentences. Also, there is no relation between objects in the
composition. They are independent objects that consist of white, black, and brown rabbits.
Figure 2-2b shows that the composition satisfies two constraints: object and sentence
structure. There is a relationship between objects (white and black rabbits), and the
structure of the sentence cards consists of two independent quantity sentences and one
relative quantity sentence. However, the calculation, the story type, and the number are
not fulfilled. There is no number “8,” as it causes a calculation process that cannot be
done and the number constraint is not satisfied. Concerning the story type, this is a
comparison story, instead of a combination story. The third example is an example of a
state that satisfies all constraints. The third example satisfies almost all constraints (see
Figure 2-2¢). Only the story type is not satisfied. It is because the story type of the
composition is a comparison story type. In contrast, the requirement is to pose the
problem in a combination story type. Hence, the valid composition that is satisfying all

constraints is shown in Figure 2-2d.

2.3.3 Monsakun as a Problem-Posing Learning System

Monsakun has been developed as an interactive learning system for learning by problem-
posing with sentence integration based on the triplet structure model. The interface of
Monsakun is shown in Figure 2-3. It consists of three components: the problem
composition area, the sentence cards, and the diagnosis button. Monsakun gives learners
problem-posing exercises, in which they pose a problem that satisfies certain
requirements. The problem composition area on the left side of the interface consists of
the requirement part and the card slot part to pose a problem. The requirement part
includes two types of requirements: (1) a story type that the required problem to be posed
must belong to and (2) a numerical expression that must represent the numerical relation
in the required problem. Learners try to formulate the required problem to put sentence
cards in the card slot at the bottom of this area. Sentence cards are presented on the right

side of the interface. Learners can move the cards by dragging and dropping them freely
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to the card slots. There are more than three cards provided to the learners, which means
that not all the cards included are necessary to complete the required problem. We call
such cards as “dummy cards,” and they are intentionally included to test learners and
check for their understanding. For example, an overlooking of the story type or confusion
about the formula may lead to problems completing the exercise correctly. The last
component is a button located under the problem composition area called the diagnosis
button. The diagnosis button is used to check the composition of sentence cards chosen

by the learner.

Make a story problem about
fow imarty are thene over sl
that can be solved by "8 - 37

[ Problem
composition area

Sentence cards,
including dummies

Diagnosis
button

Figure 2-3  Interface of Monsakun.

Monsakun has five levels of assignments (the sixth level is random), that require
different thinking approaches. All levels are the same in terms of posing problems from
a card set, but they have different requirements. Table 2-1 shows the setting of
assignments at each level. Levels 1-4 provide the numerical expression of the story, while
Level 5 is required to consider the unknown number. An assignment is completed when
learners pose the problem correctly. As a feature of Monsakun, each time a learner makes
a mistake, the system will provide explanation feedback according to the error. This
feedback will stimulate the learner to think about the other solutions and lead them to the

correct answer.

In the problem-posing activity using Monsakun, learners do not create their own
problem statements; however, they are required to interpret the sentence cards and
integrate them into one problem in the card slot part. Therefore, this activity is called

“problem-posing as sentence-integration” (Hirashima et al., 2007). The system provides
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a set of sentence cards and a numerical expression in the requirement part, and then
learners pose an arithmetic word problem based on the triplet structure model using the
numerical expression by selecting and arranging appropriate sentence cards. Monsakun
records learners' problem-posing activity as a combination of sentence cards in the card
slots. The log data that stored in the system is the result of selecting and arranging a
sentence card in the card slot or removing a sentence card from the card slot in a sequence.
Studies in this thesis mainly investigate and discover the learners’ problem-posing

activity while posing the problems through the system’s log data.

Table 2-1 Detailed level assignments in Monsakun.

Level  Number of Type of thinking Type of numerical Story types

assignments  problem relation

1 12 Forward Problem Combination, increase,
decrease, comparison

2 3 Forward Problem Increase and combination

3 12 Reverse Problem Combination, increase,
decrease, comparison

4 3 Reverse Problem Increase and combination

5 12 Reverse Calculation Combination, increase,
decrease, comparison

6 Random

2.4 Analysis of Learning Activity on the Learning Systems

Even though students seem to be highly engrossed in learning activities using computer
or tablet, Dynarski et al. (2007) show not much evidence of the software influence on the
higher performance of math and reading in the students. One of the few research studies
that have been found in the analysis of learning activity on learning systems is about
analyzing the results. Conducting pre- and posttest is the most common way to evaluate
a learning system as seen in Beal et al. (2010), Chang et al. (2012), and Oliveira Chaves
et al. (2015). Another way is to conduct a deep analysis of the students’ behavior as seen

in Biswas et al. (2005; 2010).
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In term of learning by problem posing, a direction of analysis is about analyzing the
results of the posed problems. Hirashima et al. (2007) examined whether learners could
pose the problems, showing and discussing the number of posed problems and correct
problems based on the system log data. Hirashima and Kurayama (2011) analyzed the
learning effects by comparing pre- and post-test problem-solving and problem-posing
scores. Further analyses have been conducted on this topic by investigating the learners’
thinking processes based on the first selected sentence in assignments (Hasanah et al.,
2015a) concerning the completed posed problems (Hasanah et al., 2017). There is a dearth
of research that investigates every action of learners in posing the problems to understand
the learning process of problem posing on an interactive learning system. Moreover, no
significant research has been found that examines the intermediate products while posing

the problems.

There has been considerable thorough and fine-grained investigation of the activities
of learners in interactive learning systems to reveal their behavior throughout the learning
process. Fournier-Viger et al. (2010) developed a virtual learning system for learning how
to operate the Canadarm2 robotic arm on the International Space Station. The study
extracted patterns from learners’ solutions to problem-solving exercises for automatically
learning a task model that can then be used to aid and guide them during problem-solving
activities. Hou (2012) utilized an online discussion activity adopting a role-playing
strategy and conducted an empirical analysis to explore and evaluate both the content
structure and behavioral patterns in the discussion process. The study adopted a new
method of multi-dimensional process analysis that integrates both content and sequential
analyses, whereby the dimension of interaction and cognition are analyzed
simultaneously. Hsieh et al. (2015) identified higher and lower engagement patterns to
represent students’ learning processes in a game-based learning system. The study
investigated a possible connection between students’ verbal (asking themselves,
expressing frustration, etc.) and nonverbal (smiling, focusing, moving closer to the screen,
moving away from the screen, etc.) behaviors. However, the central issue in such research

is limited to solving problems and does not include posing problems.
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2.5 Scaffolding Systems

Scaffolding is defined as providing assistance to a student when needed and fading the
assistance as the competence of the student increases (Wood et al., 1976). Research
indicates that scaffolding facilitates learning as it supports learners in tasks that they
cannot accomplish successfully by themselves, as well as developing knowledge for
future learning (Hmelo-Silver and Azevedo, 2006; Pea, 2004; Sharma and Hannafin,
2007). Metacognition is defined as knowledge about and regulation of cognitive activities
(Flavell, 1979). Metacognitive scaffolding aims to help learners to adequately control and
monitor their learning (Azevedo et al., 2008; Molenaar et al., 2010; Veenman et al., 2005).
Conceptually, scaffolding means teachers, instructors, or other knowledgeable persons
providing learners with guidance or support before slowly shifting the responsibility to
them as they develop their own understanding and skills. This reduces the difficulty of
complex learning and at the same time, let the learners focus on constructing knowledge
and higher-order demands like thinking critically (Way and Rowe, 2008). As technology
extends learning from classrooms to learning systems, the scaffolding is no longer
implemented via face-to-face instruction that literally exists between a teacher and

learners in a classroom.

Recently, the form of supports that emerges to learners is facilitated through
technology. The scaffolding metaphor has been used by researchers to describe features
and functionality of educational software that help users to complete certain tasks (Sherin
et al., 2004). Learners received computerized scaffolds supporting their metacognitive
activities in the learning process (Molenaar and Roda, 2008). These scaffolds were given
when metacognitive activities are typically executed in the learning process. The
computerized scaffolding system generated the appropriate instance to send a support
based on the learner’s attention focus. Hannafin et al. (1999) categorized four types of

scaffolding strategies in computer-based learning systems:

(1) Conceptual scaffolds — guide learners in what to consider, and help them reason
through complex problems and concepts. Conceptual scaffolds can be made
available through explicit hints and prompts, and through structure maps and

content trees.
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(2) Metacognitive scaffolds — provide guidance on how to think about the problem
under study. They can be either domain-specific, such as where enabling contexts
are externally induced, or more generic where the enabling context is not known
in advance.

(3) Procedural scaffolds — provide guidance on how to utilize available resources and
tools. They orient learners/performers to system features and functions, or aid
them while navigating the system. The scaffolds can be achieved by providing
tutoring on system functions and features, or by providing a “balloon” or “pop-
up” help to define and explain system properties.

(4) Strategic scaffolds — suggest alternative approaches to analysis, planning, strategy,
and tactical decision-making. They can be achieved by enabling intelligent
responses to system use, suggesting alternative methods or procedures, providing

start-up questions to be considered, and providing advice from experts.

Among the four types, metacognitive scaffolding was the most explored by
researchers. It promotes higher order thinking (Way and Rowe, 2008) for it assists
students to reflect on what they have learned (self-assess) and assesses their progress (Teo

and Chai, 2009). As a result, it allows students to plan ahead.

A number of different metacognitive scaffolding techniques have been used in
computer-based learning systems, to facilitate novices in activating, deploying, and
monitoring the success of self-regulated learning. Azevedo and Hadwin (2005) used
adaptive scaffolding based on on-going evaluation and calibration to the individual
learner which may include some degree of fading. Others have attempted to engage the
student in self-diagnosis with no other form of individualized support or fading (Choi et
al., 2005; Dabbagh and Kitsantas, 2005; Puntambekar and Hubscher, 2005). Self-
explanation prompts (Aleven and Koedinger, 2002) have also been used to facilitate

problem solving and help determine the adequacy of one’s understanding of the topic.

Other studies demonstrated that learners who received scaffolding moved towards
more sophisticated mental models and increased the frequency of use of self-regulated
learning strategies when compared to those who received no scaffolding (E1 Saadawi et
al., 2010). Previous research has indicated that when students learn about complex topics

with computer-based learning systems in the absence of scaffolding, they show limited
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ability to regulate their learning, leading to a failure of conceptual understanding

(Azevedo et al., 2004; Green 2000; Hill and Hannafin, 1997).

2.6 Chapter Summary

This chapter corresponds to the informational phase (see Section 1.5) of the engineering
method that our approach follows to address the research questions (Section 1.1) of this
thesis. This literature survey described the principles of problem-posing learning systems
and the scaffolding system among them that are necessary for our research. These include
the definition of problem posing and how learning by problem posing is used, the ability,
process and classification of problem posing. Then, Section 2.2 presented a review of the
current state of the use of learning system for posing problems. We described the
assessment and investigation of posed problem on learning systems and several
techniques in posing problems from learning systems point of view. Section 2.3 explained
the theory behind the learning system that is used for this thesis: Monsakun. In Section
2.4, we described current approaches to analyze learning activity on the systems. The
smaller size of this section reflects the limited current state in analyzing at the process
level, especially in the problem posing research area. Finally, the result of learning
analytics on learning systems can be used to support learners through developing
computer-based scaffolding system. Section 2.5 described the concept of scaffolding

system and the current state of research among them.
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CHAPTER 3

L.OG DATA ANALYTICS

IN TERM OF THE CONSTRAINTS

Summary: This chapter presents two studies of analysis the log data from learners’
activity on Monsakun. The purpose of this chapter is to explore how data analytic
techniques can be used to investigate whether learners pose the problems by
considering the structure of arithmetic word problems in terms of the constraints.
The studies examine what learners think while posing problems as sentence
integration concerning intermediate states as well as the posed problems states as the
resultant of problem-posing activity on Monsakun. Problem posing as sentence
integration on Monsakun defines the arithmetic word problem structure, and posing
a problem is a task to satisfy all the constraints and requirements to build a valid
structure. The first study focused on how learners satisfied the required constraints
and the second study focuses on the violation of constraints in the process of posing
the problems. The chapter concludes with a discussion of the findings and the

promising future works.

3.1 Introduction

The purpose of Monsakun as a problem posing learning system is to encourage learners
to understand the structure of arithmetic word problems while they pose the problems.
Monsakun provides learners with a different way to promote learning by problem posing,
and it has distinct aspects of other practice of problem posing activity. The usefulness of
Monsakun has been confirmed for learning by problem posing through previous research
(Hirashima et al., 2008a; Hirashima et al., 2008b; Kurayama and Hirashima, 2010;
Yamamoto et al., 2012). On the other hand, problem posing tasks in Monsakun is
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conducted by making a combination of given sentences, which seems not to require deep
thinking. In other words, learners can potentially pose the problems in a random way, and
they can achieve the correct answer through trial-and-error. It means that they might not
consider anything when posing the problems. In contrast, the purpose of development of
Monsakun is to promote learners' thinking ability through the posing. Therefore, this leads
to a gap investigation into how the validity of problem posing in each process of learners

when they were posing the problems.

As was stated in Chapter 1, and discussed in detail in Chapter 2, there is little research
that investigates every action of learners in posing the problems to understand the learning
process of posing problems on an interactive learning system. Our literature review
showed that even though there is a growing interest in investigating learners’ activity on
learning systems, there are not many explorations on investigating at the process level

(Sections 2.4).

This chapter presents a study of investigation of learners' thinking through their
actions during problem-posing processes on Monsakun. Figure 3-1 shows the goals,
contributions and validation methods addressed in this chapter, particularly for the goal
presented in Section 1.3: investigating problem-posing processes on Monsakun in
term of the constraints. This chapter addresses the first research question (Section 1.2):
Do learners consider the structure of arithmetic word problem in posing problems using
Monsakun? We conduct a model-based analysis of problem-posing activity from
Monsakun log data of 39 first-grade elementary school students to investigate their
methods of thinking when they pose arithmetic word problems. Two studies have been
conducted in order to confirm that learners consider the problem’s structure while posing
the problems. The first study presents a particular research question, whether learners
pose problems by attempting to fulfill as many satisfied constraints as possible. Fulfilling
satisfied constraints represents that learners consider to the problems' structure. The
second one analyzes using a different perspective. The difference is the way to assess the
composition of sentence cards and how to analyze the data. The main contribution of
studies in this chapter is the approach of data analytics in problem-posing processes in

term of the constraints.
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Figure 3-1  Context, goals, contributions and validation of Chapter 3.

The next section elaborates the motivation of the study. Section 3.3 describes the
research questions. Section 3.4 presents the context of the study and data exploration.
Section 3.5 explains assessment of problem-posing compositions in term of satisfaction
and violation the constraints. Section 3.6 discusses the first study followed by the second

study in Section 3.7. At last, Section 3.8 summarizes this chapter.

3.2 Motivation

Using Monsakun as a problem-posing learning system, learners’ abilities to solve
problems as well as to understand them are promoted. The basis of Monsakun is the triplet
structure model (Hirashima et al., 2014) that defines the structure of an arithmetic word
problem using sentence integration. Additionally, the model defines constraints for valid
problems that must be satisfied. When a learner can pose the required problem in

Monsakun, the problem certainly meets the constraints.

Although the usefulness of Monsakun has been confirmed for learning by problem
posing, it is necessary to investigate the validity of the learners’ problem-posing process
in Monsakun. Two main points explain the necessity of the investigation in this study.
First, the previous study reported that although learners gave many wrong answers to get
the correct answer in some assignments, they did not pose the required problems
randomly, and their many wrong answers are not meaningless as the results of thinking
(Hasanah et al. 2015b). In the study, problem posing as sentence integration is presumed
from the trends of posed problems as the result of the process. However, we extend the

analysis by involving the process of arranging the problem. We assume that learners must
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think the constraints form a valid problem throughout the problem-posing process. We
conducted the first study to demonstrate that learners attempted to pose problems in
satisfying as many constraints as possible based on their own understanding. In contrast,
this second study investigates the problem-posing process and reveals the trends of the
process, focusing on the violation of constraints. We conducted the study to prove that

learners tend to avoid as many violated constraints as possible in composing problems.

Second, the fact that learners gave wrong answers illustrates that learners cannot avoid
some mistakes. Therefore, it is essential to understand the learners’ difficulties while
posing the problems. Supianto et al. (2016b) detected important circumstances in the
situation in which learners experience difficulties and misunderstanding of the structure
of the problems. The study proposed a method to visualize learners’ actions from
Monsakun log data. In addition, the second study broads the analysis of the problem-
posing process based on the constraints. It investigated learners’ thinking through their
actions and showed that learners have difficulty avoiding some specific types of

constraints.

3.3 Research Questions

According to the motivation discussed in the previous section, we conducted a process
analysis of problem-posing activity using Monsakun based on three research questions.
The first question investigates the correlation between the number of satisfied constraints
and the occurrence frequency of states performed by learners. We evaluated both

intermediate and posed problem states for each arranged state.

1. Do learners pose the problems by attempting to satisfy as many constraints as

possible?

The second question investigates the correlation between the number of violated

constraints and the occurrence frequency of states performed by learners.

2. Do learners pose the problems by attempting to avoid as many violated constraints

as possible?
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The third question investigates the difficulty of learners regarding the violation of
constraints. We assume that although learners tend to avoid compositions containing

violated constraints, they have difficulty avoiding a particular type of constraint.

3. Do learners have difficulty avoiding a particular type of constraint?

3.4 Context of the Study and Data Exploration

3.4.1 Participants and Procedure

In this study, we analyze the Monsakun log data of 39 Japanese first-grade elementary
students who participated in the practical use of Monsakun; their average age was six
years old. Learners had already studied problem structure on the blackboard using several
sentence cards that were parts of problems. These cards were provided to the learners as
arequest to pose the problems. We used the latest version of Monsakun, called Monsakun
Touch (Yamamoto et al. 2012), to allow the learners to use Monsakun not only for the

exercises but also for lessons on problem structure as part of their regular classes.

As described by Yamamoto et al. (2012), in practical use (see Figure 3-2), Monsakun
was introduced as a problem-posing system of arithmetic word problems at the beginning
of class (5—10 mins). The teacher distributed tablets containing Monsakun to learners and
explained how to operate the system. Then, the teacher taught problem structures by
simulating an assignment on the blackboard (20-35 mins). The teacher provided several
sentence cards from Monsakun problems and conducted a lesson that resembled the
Monsakun problem-posing process. The teacher encouraged participation and active
discussion from all learners to pose the correct answer together. First, the teacher
presented one sentence card to the learners from the prepared sentence cards, and the
teacher explained the elements of the sentence card. The sentence card was composed of
object(s), a value of the object(s), and the predicate. Second, the teacher presented another
sentence card from the prepared sentence cards. Then, learners gave responses about
whether the presented sentence card was necessary to pose the problem or not, and they
also expressed the reason why the card was needed. Finally, the teacher explained the
problem structure based on their answer. Through this teaching, the learners understood

the following things: (1) a problem was composed of two independent quantity sentences
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and one relative quantity sentence; (2) a sentence represented a story type and a relation
among sentences, and there was a required sentence order based on the specific story
type; and (3) a numerical formula was needed to represent the story type and find the
answer. In that time, learners actively engaged in the lesson to express their opinions and
ideas about posing arithmetic word problems provided on the blackboard. Finally, at the
end of class, learners used Monsakun to complete an exercise in posing the problems

individually (5-10 mins). We collected the log data from the activity at this time.

Introduction of Monsakun as

: . | ‘ 5-10 mins
problem-posing learning system g
E Teaching activity ‘ ‘ 20-35 mins |
TS R
Problem-posing activity using ‘ { —
Monsakun ; ;

Figure 3-2  Procedure of practical use of Monsakun in a classroom.

3.4.2 Data Collection

The data of this study is gathered from the log files of learners’ problem-posing activities
on Monsakun. The log file records the actions of learners during the learning activity
using Monsakun, such as placing the sentence card, removing the sentence card, and
clicking the “diagnosis” button (Section 2.3.3 — Problem-Posing Activity on Monsakun).
The log file consists of the learner Id and information about the activities performed in
Monsakun. They are labeled 1vl, lid, asg, stp, act, crd, slt, stt, and jdg. The label “Ivl” is
the level of assignment that determines the difficulty of the problem-posing task, and “lid”

shows the learner ID. The label “asg” is the number of the assignment, and “stp” is the
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sequence number of the step. The label “act” consists of two possible values, set or
remove, which represents placing the sentence card or removing the sentence card,
respectively. The label “crd” is the index of the sentence card that is put in the slot, which
is denoted by the label “slt.” The label “stt” indicates the state generated from the
combination of three sentence card indexes that is placed in the slot. The last code, “jdg,”
shows the type of action, for example, incomplete state (n), wrong answer (f), or

successful state (s). We present a sample of the log data in Figure 3-3.

vl lid asg stp act crd st sttt jdg
5 1 1 1 =&t 1 2010 (m
5 1 1 2 set 4 1410 |m
5 1 1 3 remove 1 2400 (n
o 1 1 4 set L] 2 480 |(m
B 1 1 5 remove [ 2400 (m
5 L 1 6 set 5 2 450 (m
5 ] 1 T | set 2 3 g2 (1
5 1 1 8 remove 2 3 450 (m
5 1 1 44 remove 4 1092 [n
L 1 1 45 set 3 1312 |s
5 1 2 1 set 3 1300 [n
5 1 2 2 remove 3 1000 n

Figure 3-3  Example of log data of learners’ activity on Monsakun.

The analysis of learners’ performance by examining the average steps and mistakes
in posing the problems on Monsakun has been reported in past research (Hasanah et al.
2015b). The average of the steps and mistakes shows how many steps a learner required
to give a correct answer in one assignment and how many mistakes the learner made
during the process, focusing on the posed problem states, respectively. Ideally, a learner
would only need three steps to pose a correct answer because a problem in Monsakun
consists of the arrangement of three simple sentence cards. The average of actions and
mistake in Level 5 were significantly different compared to the others as can be seen in

Table 3-1.

According to Table 3-1, the mean and standard deviation of actions of Level 5 are
42.01 and 28.59, whereas the mean and standard deviation of mistakes of Level 5 are 8.16
and 6.95. It shows that the average actions and mistakes at Level 5 were very high

compared to the others, and it means that Level 5 was very challenging for learners. In
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this study, we collected the log data in Level 5 in order to investigate learner’s actions at
Level 5. The information of assignments at Level 5 is presented in Table 3-2 (see
Appendix A.1 in more detail). There are twelve assignments in total, and each story type

consists of three assignments.

Table 3-1 Descriptive statistics of learners' actions and mistakes when posing problems on Monsakun.

Actions Mistakes
Level
Mean Standard Deviation Mean Standard Deviation
1 7.53 2.28 0.48 0.33
2 6.42 2.86 0.49 0.42
3 6.92 2.31 0.64 0.49
4 6.05 1.62 0.57 0.23
5 42.01 28.59 8.16 6.95

3.4.3 Formulation of Problem-Posing Processes

As was stated in Chapter 2, problem-posing activity in Monsakun is called "problem-
posing as sentence-integration", where the system provides a set of sentence cards and a
numerical expression in the requirement part, and then learners pose an arithmetic word
problem based on the triplet structure model using the numerical expression by selecting
and arranging appropriate sentence cards. They are required to interpret the sentence cards

and integrate them into one problem according to the given requirement.

Monsakun records problem-posing activity as changes in compositions of sentence
card(s). We called the composition as a “state.” When the state is composed of three
sentence cards, then it is known as the “posed problem state,” which is the card slots are
completely arranged. An example of a posed problem state is shown in Figure 3-4c.
Whereas when the arrangement is not composed of three sentence cards, then it is called
the “intermediate state,” which is in the process of posing the problem. The examples of

the intermediate states are shown in Figure 3-4a, b.

The sentence cards are encoded with an indexing number shown in Figure 3-4d. When

the slot is still empty, index = 0 is implemented. For instance, when learners pose the
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problem by selecting sentence card #1 and arrange it into the second slot, state 010 has

been obtained, which is shown in Figure 3-4a. Another example of a state is shown in

Figure 3-4b; state 410 happens when learners pose the problem by selecting sentence

Card #4 and then arranging it into the first slot and selecting sentence card #1 and then

arranging it into the second slot.

Table 3-2 Detailed assignments of Level 5 in Monsakun.

Assignment  Story type

Number of Requirement
sentence cards

1 Combination
2 Combination
3 Combination
4 Increase

5 Increase

6 Increase

7 Decrease

8 Decrease

9 Decrease

10 Comparison
11 Comparison
12 Comparison

6 Make a word problem about '"How many are there
overall' that can be solved by '§ - 3'

6 Make a word problem about 'How many are there
overall' that can be solved by '12 - &'

5 Make a word problem about 'How many are there
overall' that can be solved by '8 - 6'

5 Make a word problem about '"How many are there after
increased' that can be solved by '12 - 8'

5 Make a word problem about 'How many are there after
increased' that can be solved by '11 - 9'

5 Make a word problem about 'How many are there after
increased' that can be solved by '10 - 2!

5 Make a word problem about '"How many are left' that
can be solved by '6 + 4'

5 Make a word problem about 'How many are left' that
can be solved by '8 + 6'

5 Make a word problem about 'How many are left' that
can be solved by '8 + 1

5 Make a word problem about 'How many are the
difference' that can be solved by '12 - 5'

6 Make a word problem about '"How many are the
difference' that can be solved by '14 - 6'

6 Make a word problem about 'How many are the
difference' that can be solved by '9 + 4'

To complete an assignment, the learners attempt to arrange various combinations of

sentence cards to generate a particular state according to what they set. They arrange the

composition until they reach the composition of the correct answer. We formulated their

actions as a sequence of states. For instance, several steps performed by a learner are
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shown in Figure 3-5. First, state 000 is generated as the initial state. In the first step, the
learner begins with state 010; this means that the learner has selected the first sentence
card and arranged it into the second slot. In the second step, state 410 was composed,
which means the learner selected the fourth sentence card and arranged it into the first
slot. In the next step, the learner removed the first sentence card from the second slot; this
condition changes the state to 400. Then, the learner tries to pose the problem resulting

in state 450, and so on, until the correct state is reached.

@ There are 8 white rabbits There are 8 white rabbits

@ There are 3 white rabbits @ There are 3 white rabbits There are 3 white rabbits

There are _ black rabbits

a b c

Available Sentence Cards and their Indexes

‘ There are 3 white rabbits |il ‘ There are 8 white rabbits |E

( [ [ There are 3 more white \

. 2 3
‘\ There are _ black rabbits |— |_rabbits than black rabbits —l
" There are 8 white and black

| rabhits altogether

|a ‘ There are 3 brown rabbits |il

d

Figure 3-4  Example of states and the index of available sentence cards. a-c States. d Available
sentence cards and their indexes.

smun -P[ <correct state>

Figure 3-5  Sequence of states generated from a learner’s actions.

3.5 Assessment of States

3.5.1 Satisfaction of the Constraints

The task model of posing problems via sentence integration has been developed based on

the consideration of problem types in the triplet structure model (Kurayama and
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Hirashima 2010). Based on the task model, five main constraints must be satisfied by
each posed problem; they are 1) calculation, 2) story type, 3) number, 4) objects, and 5)
sentence structure (discussed in detail in Section 2.3.2). When all five constraints are
satisfied, the learner has succeeded in posing a correct problem according to the
assignment requirements. When less than five constraints are satisfied, the posed problem
is not valid; that is, the problem cannot be solved, or it is not the required one. We define
two values for each constraint: 1, and -1. The value of 1 indicates the constraint is satisfied
and the value of -1 indicates the constraint is not satisfied. The validity is measured based
on the number of satisfied constraints, which is obtained by counting how many

constraints are satisfied.

The example of several states and their satisfaction of constraints in Level 5
Assignment 1 is presented in Table 3-2. The requirement is to make a story problem about
“How many are there overall” that can be solved by “8 — 3,” which is an arithmetic
word problem with a combination story type. Learners can use six available sentence

cards to pose the problem. The sentences for each card are composed of the following:

(1) There are 3 white rabbits;

(2) There are ? black rabbits;

(3) There are 8 white and black rabbits altogether;

(4) There are 8 white rabbits;

(5) There are 3 more white rabbits than black rabbits; and
(6) There are 3 brown rabbits.

The first example represented as State 462 (see Table 3-3, No. 1) has the validity
equal to 1 because the state only satisfies one constraint (number). The state consists of
numbers that fit the requirement; they are 8, 3, and the unknown number (?). However,
the calculation cannot be made because it is necessary to transform the numerical
expression, “8 — 3,” into the numerical expression representing a combination story, “3
+ ? =8.” In that formula, the number “3” and the unknown number “?”” should be assigned
as existence sentence cards, and the number “8” should be assigned to a relational
sentence card, but the number “8” is an existence card on that state. Regarding the story
type constraint, no relational sentence card indicates a combination story type. Then, the

object also does not satisfy the constraints because all three objects are different, and they
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are not connected to each other. Finally, to satisfy the sentence structure constraint, the
state must consist of two independent quantity sentence cards and one relative quantity

sentence card, but the state is composed of three independent quantity sentence cards.

Table 3-3  Example of several states and their satisfaction of constraints.

Constraints
No State Composition of sentence cards Validity
Cl C2 C3 ¢C4 G5

1 462 There are 8 white rabbits -1 -1 1 -1 -1 1
There are 3 brown rabbits

There are ? black rabbits

2 152 There are 3 white rabbits -1 -1 -1 1 1 2
There are 3 more white rabbits than
black rabbits
There are ? black rabbits

3 123 There are 3 white rabbits 1 1 1 1 1 5

There are ? black rabbits

There are 8 white and black rabbits
altogether

C1 calculation, C2 story type, C3 number, C4 object, C5 sentence structure

The second example, State 152, satisfies two constraints: object and sentence structure.
There is a relationship between objects (white and black rabbits), and the structure of the
sentence cards consists of two independent quantity sentences and one relative quantity
sentence. However, the calculation, the story type, and the number are not fulfilled. There
is no number “8,” as it causes a calculation process that cannot be done and the number
constraint is not met. Concerning the story type, this is a comparison story, instead of a

combination story. The third example is an example of a state that satisfies all constraints.

According to the triplet structure model, we only can measure the validity of the posed
problem states, which is based on the number of satisfied constraints. Therefore, in order
to cover the measurement of the intermediate states, we measure the validity by
calculating the average of their descendant states. Figure 3-6 illustrates the hierarchy of
possible compositions of sentence cards and transitions among them. For instance, in the

dotted red rectangle at Figure 3-6 shows the descendant states of State 120. Consequently,
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the validity of State 012 is obtained from the average of the validity of State 123, State
124, State 125, and State 126.

Descendent states of State 120

Initial state,
State 000

Figure 3-6  Hierarchy of possible compositions of sentence cards and transitions among them.

3.5.2 Violation of the Constraints

To cover the measurement of the intermediate states according to the violation of the
constraints, we extend the definition of values for each constraint become: —1, 0, and 1.
The value of —1 indicates the constraint is violated, and the value of 0 indicates the
constraint is not violated, while the value of 1 indicates the constraint is satisfied. The

number of violated constraints is obtained by counting how many constraints are violated.

Regarding the violated constraint, three states of Level 5 Assignment 1 shown in
Table 3-4 are explained. The requirement and detail available sentence cards of the
assignment have described in the previous subsection. The assignment is a task to pose
an arithmetic word problem with a combination story type. In this story, there is no
required order of sentence cards in the state (Section 2.3.1), which means the changes to
the order of the sentence cards do not affect the problem story. For instance, the role that
applies to State 001 (Table 3-4, No 1) also applies to State 100 and State 010. However,

examples in Table 3-4 are presented in the order of indexes.
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Table 3-4 Example of several states and their violation of constraints.

Composition of sentence Constraints Number of
No  State d violated

cards C1 C2 C3 C4 Cs5 constraints
1 001 - 0 0 0 0 0 0

There are 3 white rabbits
2 014 - -1 0 0 0 0 1

There are 3 white rabbits
There are 8 white rabbits

3 246 There are ? black rabbits -1 -1 1 -1 -1 4
There are 8 white rabbits

There are 3 brown rabbits

C1 calculation, C2 story type, C3 number, C4 object, C5 sentence structure

There is no satisfied constraint, nor violated constraint at the first example, State 001.
This condition allows the calculation constraint not to be violated. The story type, number,
object, and sentence structure are also not violated. Therefore, all constraints in this state
are assigned to 0. The second example is State 014, which violates the calculation
constraint. Based on the numerical expression in the requirement, the number "8" should
be on the relative quantity sentence. However, sentence card #4 is an independent quantity
sentence card, containing the number 8. Therefore, this state violates the calculation
constraint, and this constraint is assigned to —1. The story type, number, object, and
sentence structure are not violated nor satisfied because we still cannot determine them.
Thus, the four constraints are assigned to 0. Four states can be derived from State 014,
and each will not meet the correct state. The problems facing the derivative states are
illustrated in Figure 3-7 and the detail rule for calculating the validity values presented in
Appendix A.2. Like State 014, all derivative states will at least violate to the calculation
constraint. The first derivative state is State 124. Besides the calculation constraint, this
state violates the story-type constraint due to the lack of story and sentence structure
because all arranged sentence cards are existence cards. The second and third derivative
states are State 134 and State 145. Both violate calculation and number constraints. The
difference between the states lies in the relative quantity sentence card. State 134 contains

a relative quantity sentence card that fits the required story type (combination story),
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while State 145 forms the comparison story type. Lastly, none of the constraints are
satisfied in the derivative State 146. Four constraints are violated, and one constraint is

not violated or satisfied.

State 014

[ )

There are 3 white rabhits ]

[ There are 8 white rabbits ]

[There are 3 white rabbits ] [There are 3 white rabbits ] [11were are 3 white rabbits [mere are 3 white rabbits ]

[ )
[ )

There are 8 white rabbits

L S

There are _ black rabbits ] [ There are 8 white and ['Ihere are 8 white rabbits

black rabbits altogether [
- - There are 3 more white [
[There are 8 white rabbits ] rabbits than black rabbits

There are 8 white rabbits There are 3 brown rabbits

State 124 State 134 State 145 State 146
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Figure 3-7  Derivative states of State 014 and the constraint violation in Level 5 Assignment 1.

The last example in Table 3-4, State 246, satisfies only one constraint, the number
constraint. No story can be built from this composition, nor can the calculation and
sentence structure be built. It can be calculated and well-structured when it consists of
two existence sentences and one relational sentence, instead of all sentence cards being
existence cards. Besides, there is no relation between objects in the composition of the
sentence cards. They are independent objects consisting of white, black, and brown
rabbits. This condition causes the number of violated constraints to be four because four

constraints are violated.

3.6 Analyses in term of Satisfying the Required Constraints

We conducted two analyses of learners sentence card compositions focused on satisfying

the required constraints at Level 5. We roughly analyzed every action of the learners. The
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first analysis is to investigate learners' actions based on compositions they made, and the
second one is to analyze the transition between compositions. The goal of both analyses

is to address the first research question (RQ1).

3.6.1 RQ1: Do learners pose the problems by attempting to satisfy as many

constraints as possible?

Analysis of States

The analysis results of Level 5 including the average number of actions to pose problems
correctly and the correlation result between the frequency of states appearance and the
validity of states are shown in Table 3-5. From the average actions, it denotes that Level
5 is more challenging than the other levels. Ideally, learners only need three steps to reach
the correct answer, because a problem consists of 3 sentence cards. However, in average,

they need at least 9 actions (Assignment 3) and at most 97 actions (Assignment 4).

Table 3-5 Average actions and correlation result between frequency of states appearance and validity of
states in Level 5.

Assignment Average actions Pearson’s correlation p-value

1 50.08 0.087 0.584

2 13.32 0.507 ** 0.001

3 9.24 0.581 ** 0.002

4 97.18 0.224 ** 0.009

5 32.00 0.375 ** 7.040e-06
6 60.57 0.270 ** 0.001

7 92.39 0.238 ** 0.005

8 36.10 0.344 ** 4.105e-05
9 54.71 0.384 ** 3.878e-06
10 26.88 0.417 * 0.034

11 12.41 0.784 ** 8.520e-10
12 19.27 0.631 ** 7.617¢-06

** significant correlation (p<0.01), * significant correlation (p<0.05)

We conduct a Pearson’s correlation test between the frequency of states appearance

and the validity of states. The frequency shows how many numbers of unique states have
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been reached by learners in order to pose a required problem in one assignment. We
assume that the degree of correlation is related to the degree of learners’ understanding.
Therefore, there is a positive correlation between the validity and the frequency when

learners understand the structure and aware of it in posing the problems.

Significant correlation at p<0.05 in eleven out of twelve assignments is found, which
shows that many actions performed by learners had an inclination to satisfy as many
constraints as possible. Hence, this the finding confirms that learners consider thinking
about the structure of arithmetic word problem during pose the required problem in

Monsakun.

In addition, we pay attention to the difference of degree of correlations among
assignments. Significant correlation shows that learners are aware of the structure of
arithmetic word problems. However, the correlations in Assignments 4 — 9, which are
increase and decrease story types, are weak. Although the minimum actions to get the
correct answer is three actions, learners take the average actions ten times or more from
the minimum actions. It means their understanding about increase and decrease story
types is worse than combination and comparison story types. Actually, increase and
decrease story types have severe constraints and require a strict order of sentences in
posed problems (Supianto et al., 2016b). We consider that this is a reason why the
assignments of increase and decrease story types have a significant but weak correlation.
That 1is, learners had misunderstood and attempted to pose problems with the
misunderstanding for a long time. This finding shows that the learners were trying to
satisfy the constraints when they constructed their answer because they produced many

mistakes while doing the required problem.

Furthermore, the result of correlation in Assignment 1 shows no significant
correlation (p>0.05). In order to examine more detail in Assignment 1, further analysis is

observed in the next sub-section.

Analysis of Transitions

In this analysis, we discuss the correlation between the change of satisfied constraints and

the transition of states. Here, a transition is an action of learners from one state to another
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state. We check the difference of the validity of the states. If the difference is positive, it

means that learners have a tendency to make more valid compositions of sentence cards.

The result is shown in Figure 3-8. The transitions presented by circle shapes and labels.
The red dotted lines labeled p+2c indicates the position of double standard deviation from
the average, which means that transitions were plotted more than p+2c are the transitions
frequently occurred. The red colored dots focus on state frequently arranged by learners.
From the result, we can see that three out of five frequent transitions show positive
differences of the validity of states. It indicates that learners tried to improve the validity

of their card composition.
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Figure 3-8  Scatterplot of correlation of transitions in Level 5 Assignment 1.

Next, we investigate two frequent transitions with negative differences of the validity
of states, Transition 004-014 and 004-046. We calculate the validity of the states for each
constraint. We show that there is a possibility the learners tried to pose the problem

looking at some several constraints, instead of all constraints.
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In satisfying the particular constraints, learners attempted to pose more valid
intermediate states. Based on the validity of several states listed in Table 3-6, if the
learners have a comprehensive understanding of all constraints, then the validity of State
014 and State 046 is 1.00. Comparing the value with the other states, the validity is
relatively low. However, when the learners have a partial understanding, the narrowly
focused on some constraints, then the validity becomes different. For example, when a

99 ¢

learner takes particular note of “number,” “object,” and “sentence structure,” there is a
big difference between these two states and the others. On the other hand, if they mainly
focus on “calculation” or “story type,” the values are not so different. In such case, it is
difficult for learners to distinguish the State 014 and State 046 from the others. Also, the
possibility to choose them is not low. This means that the learners’ intention in composing

State 014 and State 046 is reasonable when it is viewed from several constraints they want

to satisfy.

Table 3-6  Average actions and correlation result between frequency of states appearance and validity of
states in Level 5.

States All constraints C1 C2 C3 C4 Cs

004 1.60 0.10 0.00 0.40 0.50 0.60
014 1.00 0.00 0.00 0.25 0.25 0.50
024 2.50 0.25 0.00 0.75 1.00 0.50
034 1.50 0.00 0.00 0.25 0.50 0.75
045 2.00 0.25 0.00 0.50 0.50 0.75
046 1.00 0.00 0.00 0.25 0.25 0.50

C1 calculation, C2 story type, C3 number, C4 object, C5 sentence structure

The difficulty of this assignment is that learners are confused about the gap between
the required story type (combination) and the numerical expression of subtraction (8-3)
in the requirement (see Section 3.5.1). Although subtraction implies story type of
decrease and comparison, in this case, learners must pose a problem of combination story

type. The above assumption that they might mainly focus on “calculation” or “story type”
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is related to this difficulty. This conflict of “calculation™ and “story type” implied from

the other can be considered as the cause of the difficulty.

At previous levels, there was no conflict at the required story type and numerical
expression. Also, the order of numbers in sentences was the same as the numerical
expression. Learners pose the required problem by arranging sentences according to the
order of numbers in the numerical expression. However, this is not valid for Level 5
because the numerical expression does not express the order of numbers in the required
story, but the solution is to evaluate unknown number. Learners meet this situation in the
first assignment at Level 5. This is considered a reason for the unexpected behaviors
where there is no significant correlation, and there are some frequent transitions with
negative differences in the validity. Despite the difficulty encountered in Level 5, the
analysis shows that the learners had a tendency to enhance the validity of the intermediate
states to achieve the correct answers. Therefore, this analysis confirms that learners

consider the constraints when they pose arithmetic word problem on Monsakun.

3.7 Analyses in term of Avoiding the Violated Constraints

Three analyses from the log files of learners’ problem-posing activity on Monsakun are
conducted. We analyze their sentence card compositions. The first and second analyses
provide the answer to the second research question (RQ2), while the third analysis gives

the answer for the third research question (RQ3).

In the first analysis, we investigate the states and conduct a bivariate correlation
analysis between the occurrence frequency of the states and the number of violated
constraints. The occurrence frequency shows how many states have been arranged, while
the number of violated constraints shows how many constraints are violated based on the
state. We assume that the degree of correlation is related to the degree of the learners’
understanding. If the number of violated constraints has a negative correlation to the
frequency, then the high number of violated constraints will be followed by the lower
number of actions. It means that the high number of violated compositions of sentence
cards has a small number of learners’ actions. Therefore, this correlation test will provide

an answer to the second research question.
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The second part of the analysis investigates the portion of states in the assignment
setting to the occurrence frequency. We observe differences between the number of states
in the assignment setting and the occurrence frequency. Moreover, we examine the
differences for each number of violated constraints. In the low-frequency violated
constraints, if the portion of occurrence frequency is higher than the number of states in
the assignment setting, then it expresses that learners arrange states that have low error
rates. In addition, in the high-violated constraints, if the portion of occurrence frequency
is lower than the number of states in the assignment setting, then it shows that learners
avoid solutions that potentially have a high error rate. Hence, this analysis will support

providing the answer to our second research question.

Although two previous analyses show that learners tend to avoid mistakes, they still
cannot avoid some mistakes, which demonstrates their difficulty in understanding the
problem structure. Therefore, the third part of the analysis inspects the difficulty of
learners according to the violation of constraints. We determine the ratio of the number
of states in the assignment setting to the occurrence frequency. We examine the relative
number of states for each type of constraint and their actual occurrence. If the number of
occurrences is high, then the ratio is low. Thus, the minimum ratio in a constraint indicates
that learners have difficulty avoiding such types of constraints while posing the problems.
This analysis will confirm our third research question regarding whether learners have

difficulty avoiding some particular type of constraints.

3.7.1 RQ2: Do learners pose the problems by attempting to avoid as many

violated constraints as possible?

In this analysis, we conducted a Pearson’s correlation test between the number of violated
constraints and the occurrence frequency of states. We evaluated both intermediate and
posed problem states for each arranged state. The result is shown in Table 3-7. A
significant correlation (p < 0.05) in 11 out of 12 assignments was found. Many actions
performed by learners showed an inclination to avoid as many violated constraints as
possible. The highest coefficient is in Assignment 10 (rho = —0.5619, p < 0.01), and the

scatterplot of this assignment is shown in Figure 3-9a.
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Table 3-7  Average actions and correlation result between frequency of states appearance and number of
violated constraints in Level 5.

Assignment Pearson’s correlation p-value
1 -0.3701 * 0.0158

2 -0.4928 ** 0.0014

3 -0.3879 + 0.0745

4 -0.2565 ** 0.0033

5 -0.2778 ** 0.0051

6 -0.3460 ** 4.51E-05
7 -0.4006 ** 1.35E-06
8 -0.3552 ** 0.0001

9 -0.3990 ** 4.43E-06
10 -0.5619 ** 0.0028
11 -0.5570 ** 0.0011
12 -0.4486 ** 0.0054

** significant correlation (p<0.01), * significant correlation (p<0.05), + marginal correlation (p<0.1)
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Figure 3-9  Plot of correlation between the number of violated constraints and the occurrence
frequency of states. a Assignment 10. b Assignment 3.

The red line in the scatterplot shows the regression line of the data. Based on this
information, the frequency of each state has a negative correlation with constraints

violated in it. It supposed that learners attempted to arrange the problem to avoid violating
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more constraints. If the learners posed the problem randomly, the distribution of the
number of the learners’ actions would not have a significant correlation compared to the
violated constraints. This finding shows that learners were inclined to pose more valid

compositions.

Furthermore, the result of correlation in Assignment 3 shows marginal correlation (p
< 0.1). The scatterplot of correlation in Assignment 3 illustrated in Figure 3-9b indicates
that there is no significant difference in this assignment. Therefore, the chi-square test
was conducted to determine the trends in the details. We identified the portion of the
number of states in the assignment setting to the occurrence frequency based on the
number of violated constraints. Here, the number of states in the assignment setting means
the space of all possible compositions that can be arranged by the learners. We check the
number of states that are categorized in each number of violated constraints and the
occurrence frequency. We show that although the correlation between the number of
violated constraints and the occurrence frequency of states is not significant, there is a
significant difference between the number of states in the assignment setting and its
occurrence frequency. The results of the difference analysis and the detail portion of the

assignments investigated in this study are presented in Table 3-8.

We found a significant difference in 11 out of 12 assignments (p < 0.01), which shows
that learners made a conscious attempt to avoid more violated constraints in the
assignments. In addition, we pay attention to the portion of the number of states in the
assignment setting to its occurrence performed by the learners according to the violated
constraints. We found that the occurrence frequency in the high-violated constraints is
lower than the number of states in the assignment setting, while the occurrence frequency
in the low-violated constraints is higher than the number of states in the assignment
setting. This implies learners were trying to avoid making a composition of sentence cards
with a high number of violated constraints. Moreover, we show the portion of Assignment
10 (see Figure 3-10), which has a marginal difference. The portion of occurrence
frequency, which is more than the number of states, happens at zero violated constraints,
which means that learners tried to arrange the least instances of compositions of sentence
cards that could potentially have many violated constraints. This finding strengthens the

previous statement that many actions of learners were aimed to avoid as many violated
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constraints as possible in arranging the posed problem states and the intermediate states

as well.

Table 3-8  Difference analysis between portions of number of states in assignment setting to its
occurrence frequency.

Number of violated constraints Setting vs
Asg Occurrence
0 p 1 p 2 p 3 p 4 p 5 p Chi-Sq p

1 S 0238 Y 0190 A 03 A 010 Vo024V o004 Vo
o) 0.230 0370 s+ 0217 + 0103 * 0077 ** 0003 + '
S 0.286 A 0214 A 019 V 0214 V 0.048 Vv 0.048 v

2 <0.01 **
(6] 0.523 #0316 * 0.080  ** 0.071  ** 0.003 ** 0 0.006 wok
S 0.308 A 0.192 \Y4 0.192 \Y4 0231 V 0.077 \Y4

3 '1 | <0.01 *%
o) 0.510  ** 0.189 0.16 0.107 **  0.034
S 0.324 A 0.147 A 0176 V¥ 0265 V 0.088 v

4 <0.01 *%
(6] 0.541 ** 0 0.196 0.087 * 0.167 * 0.009 **
S 0.324 A 0.191 0265 V¥ 0.132 V 0.088 v

5 <0.01 *k
(6] 0.649 ** 0 0.191 0.044  ** 0.103 0.013 *k
S 0.324 A 0.147 A 0176 0265 V 0.088 v

6 <0.01 **
(6] 0.520 **0.190 0.131 0.151 * 0.007 *k
S 0.324 A 0.147 A 0176 0265 V 0.088 v

7 <0.01 wok
(6] 0.500 *0.189 0.149 0.139  ** 0.024 *
S 0.434 A 0.081 VvV 0265 V¥ 0.132 V 0.088 \Y

8 <0.01 H
(6] 0.696 * 0 0.077 0.117  ** 0.077 0.034 +
S 0.324 A 0.147 A 0176 0265 V 0.088 v

9 <0.01 w3
(6] 0.546 ** 0 0.170 0.106 + 0.153 * 0.025 *
S 0.423 A 0269 V 0231 V 0.077 \Y4

10 <0.10 +
(0] 0.552 * 0.256 0.161 0.031 +
S 0.500 A 0071 vV 0143 V 0048 V 0.143 Vv  0.095 v

11 <0.01 *k
(6] 0912 ** 0 0.018 * 0.055 * 0.004  ** 0.011 **0.000 *k
S 0.333 A 0.119 vV 0143 V 0262 V 0.095 V¥ 0.048 v

12 <0.01 **
O 0.585 *0.118 0.094 0.180 + 0.016 ** 0 0.007 *

S Setting, O Occurrence,

** significant difference (p<0.01), * significant difference (p<0.05), + marginal difference (p<0.1);

occurrence is more than setting (A significant, /\ not significant),

occurrence is less than setting (V¥ significant, \V not significant)
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Portion of Setting and Occurrence in Assignment 10
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Figure 3-10 Portion of the number of states in Assignment 10 to the occurrence frequency.

3.7.2 RQ3: Do learners have difficulty avoiding a particular type of

constraint?

In this analysis, we detect the difficulty of learners regarding the violation of constraints.
We assume that although learners tend to avoid compositions containing violated
constraints, they have difficulty avoiding a particular type of constraints. To prove it, we
calculated the ratio of the number of states in the assignment setting to its occurrence
frequency according to the type of constraints. The result is shown in Table 3-9. This ratio
shows the relative sizes of the states in the assignment setting and the actual occurrence.
The minimum ratio indicates that learners performed many actions, which indicates they
have difficulty avoiding such constraints while posing the problem. We found that, in 8
out of 12 assignments, learners have difficulty avoiding the story constraint. In addition,
in 4 out of 12 assignments, they have difficulty avoiding the calculation constraint. Based

on this result, we confirm that they have difficulty avoiding a particular type of constraint.

As previously described, Level 5 is required to consider the unknown number because
it is not given in the requirement. It is challenging for learners, especially in considering

the story constraint. At the previous levels, there is no conflict at the required story type
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and numerical expression. In addition, the order of numbers in sentences is the same as
the numerical expression. For instance, the requirement of Level 3 Assignment 1 make a
word problem about “How many are there overall” that can be solved by “4 + ? = 10,”
learners can pose the required problem by arranging sentences according to the order of
numbers in the numerical expression. However, this is not valid for Level 5 because the
numerical expression does not express the order of numbers in the required story but the
solution is to evaluate the unknown number. To complete assignments at this level, for
example, in the first assignment, learners need to transform the numerical expression “8
— 3” into the numerical expression representing a combination story, “3 + ? = 8.” Then,
learners could assign the existence sentence cards to the number “3” and the unknown

number “?.”

Table 3-9  Ratio of the number of states in the assignment setting to the occurrence frequency according
to the type of constraints.

Type of constraints

Assignment
C1 C2 C3 C4 Cs

1 0.0151 * 0.0230 0.0317 0.0469 0.0350
2 0.0971 * 0.2308 0.3191 0.1852 0.2308
3 0.1060 * 0.1224 0.2857 0.1190
4 0.0532 0.0458 * 0.1341 0.0509
5 0.2145 0.2113 * 0.6857 02113 *
6 0.0633 0.0467 * 0.1472 0.0616
7 0.0709 0.0559 * 0.1277 0.0726
8 0.2800 0.2778 * 0.3750 0.2778 *
9 0.1484 0.1297 * 0.2609 0.1449
10 0.0498 0.0448 * 0.1081 0.0459
11 0.9474 * 3.3333 0.9474 * 1.5000 3.3333
12 0.1705 0.1258 * 0.2083 0.7143 0.2500

C1 calculation, C2 story type, C3 number, C4 object, C5 sentence structure
* the minimum value of ratio

Investigation of learners’ activities at the process level promotes an opportunity to
discover the learners’ behavior in detail. Moreover, when it is associated with a cognitive

load, then the learners’ thinking processes can be explored. Particularly, what conditions
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learners face difficulties in attempting to pose problems could be detected. With such
detections, we could define learning support depending on the learners’ mistakes and
develop an adaptive function to overcome learners’ bottlenecks in attempting to pose

problems.

3.8 Chapter Summary

We conduct a model-based analysis of problem-posing activity including posed problem
and intermediate products while posing problems from Monsakun log data of first-grade
elementary school students to investigate their actions while posing arithmetic word
problems. The assumption in this first study is that they consider the structure of
arithmetic word problems as sentence-integration through satisfying as many constraints
as possible. The result shows that significant correlation in 11 out of 12 assignments is
found, which indicates that many actions performed by learners had an inclination to
satisfy as many constraints as possible. Further investigation shows that learners had a
tendency to enhance the validity of the intermediate states to achieve the correct answers.
It means that learners tended to pose the required problem with an awareness of the

structure of arithmetic word problems throughout the problem-posing process.

The second study focuses on the violation of the constraints. Correlation between the
numbers of violated constraints and the frequency of each intermediate product that the
learners actually made was reported. Moreover, to determine the detail trends of learners’
actions, a chi-square test between the number of states in the assignment setting and the
occurrence frequency was conducted. Significant correlation and difference in 11 out of
12 assignments was found, which shows that many actions performed by learners had the
inclination to avoid as many violated constraints as possible. It indicates that they tended
to avoid as many mistakes as possible. It means that learners tended to pose the problem
with some consideration to the structure of arithmetic word problems throughout the
problem-posing process. Furthermore, although learners tended to avoid the violated
constraints, they could not avoid some mistakes. However, most of the learners' mistakes
violated at most two constraints. Further analysis shows that, in 12 assignments, learners
generally have difficulty fulfilling 2 out of 5 constraints, which are “story” and
“calculation” constraints. Based on this analysis, it would be possible to detect the
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difficulty of learners' actions from the model perspective. Hence, accurate feedback and

appropriate support can be provided.
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CHAPTER 4

VISUALIZATIONS OF LEARNERS ACTIVITY IN

POSING THE PROBLEMS

Summary: This chapter presents a study proposes a method to offer a visual
representation for analyzing the problem-posing activity sequence in Monsakun, a
digital learning system for posing arithmetic word problems via sentence integration.
The system writes every single action into logs as sequences of problem-posing
activity. The sequences are considered to represent the thinking processes of learners.
The thinking process reflects their understanding and misunderstanding about the
structure of the problems. The study in this chapter created visualizations of learners’
problem-posing processes from the data obtained through the practical use of
Monsakun, including the states in which many learners had difficulties finding the
correct answer. In this study, we refer to such states as “trap states.” In Monsakun, a
trap state is a combination of simple sentences where many learners tend to make
and need relatively more actions to obtain the correct answer. As the result of the
visualization and analysis of the data, some trap states have been identified, and they

changed for each trial in the same problem.

4.1 Introduction

Previous chapters have established the ground for a study of learners' thinking and
considerations when they pose the problems on Monsakun. Section 3.6 presented a study
that showed learners consider thinking about the structure of arithmetic word problem
while posing the required problem through satisfying as many constraints as possible.
Then, in Section 3.7, we presented a study that showed many actions of learners were

aimed to avoid as many violated constraints as possible in arranging the required problem.
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Both sections involve the log data and the constraints in Monsakun’s model to evaluate
the problem-posing process. In contrast, this chapter presents a study in discovering the
problem-posing process based on the log data only. As the interactive problem-posing
learning system can be used to provide new ways to capture traces of learning activities,
this little explored and somewhat hidden potential of these devices can be exploited to
enhance learners’ awareness of their thinking progress based on unusual patterns from
the captured traces of actions. These learner’s data can make key aspects of highlight

possible problems.

This chapter demonstrates a study that it is possible to automatically discover patterns
of learning activity on Monsakun that can help teachers and researchers provide more
helpful feedback to learners. Figure 4-1 shows the goals, contributions and validation
methods addressed in this chapter, particularly for the goal presented in Section 1.3:
providing a visual representation for discovering the bottlenecks of learners’

problem-posing process.

Context : :
Goals Contributions

Validation

Selected Problems

Do the history of learners’

activity provides useful
information regarding
their difficulties in
thinking while posing
problems on Monsakun?

Provide a visual
representation for
discovering the
difficulties of learners’
problem-posing process

~
Automatic approach to
discover patterns through

visualizations

RN

Analysis of learners’
difficulty in learning by
problem posing on an

interactive learning system

./

Data mining and
qualitative analysis

Figure 4-1 Context, goals, contributions and validation of Chapter 4.

To achieve this goal, we traced every single movement on learners posing the
problems and presented their patterns using data mining technique. We validate the
approach by conducting two sequence implementations to a case study on the practical

use of Monsakun:

1. The implementation of visualizations to discover patterns, which are the key aspects
of learners’ difficulty in thinking.
2. The implementation to analyze learners' changes in thinking to pose the same

problem during three trials in term of the difficulty they faced.
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The chapter is organized as follows. Section 4.2 describes motivation and research
purpose. Section 4.3 explains the method used as the approach to distilling patterns in
term of visualizations. Section 4.4 presents the implementation of the visualizations to a
case study on the practical use of Monsakun. Section 4.5 presents discussions of unusual

patterns found. Section 4.6 concludes this chapter with some sort summaries.

4.2 Motivation and Purpose

In general problem-posing exercises where learners pose problems freely; it is hard for
learners to pose problems and for teachers to analyze the posed problems. The learning
system for problem-posing exercises, Monsakun, resolves this difficulty with the
problem-posing by sentence integration. In this method, learners pose problems meeting
certain requirements by combining three simple sentences from the given sentences. By
using this method, the opportunities for learners to pose problems increase, feedback to
learners according to their mistakes is provided, and for the teacher, checking the validity

of posed problems becomes easier.

From the results of previous studies with Monsakun, lessons and exercises with it
improve not only learners’ problem-posing abilities but also their problem-solving skills
(Yamamoto et al., 2012). In addition, from the preliminary analysis of sentence selection,
learners change their approach to problem-posing after they have experienced posing the
same type of story (Hasanah et al., 2015a). Although posing problems in the learning
system is considered to contribute to the understanding of the problem’s structure, it is
not clear how learners finally could understand it through the activity. Therefore, it is
essential to conduct discovery learning and to generate inferences of learners’ thinking
from their behavior in the system. Discovery learning plays a role in increasing learners’
motivation while creating more opportunities for learners to assess how well they could

overcome obstacles, which may improve learning (Reiser et al., 1998).

There had been considerable works analyzing learners' activities to get a general view
of learners' learning. Statistics and visualization information are the two main techniques
that have been most widely used for this task (Romero and Ventura, 2010). For statistical

techniques, Hadwin et al. (2007) examine logs of trace data affords opportunities to
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explore the intersection between what students perceive about their studying, and what
they do when they study; and Zorrilla et al. (2005) exploring the learners’ behavior and
time distribution of network traffic over time. While visualization information techniques,
they oriented toward visualizing educational data such as learner tracking data regarding
social, cognitive and behavioral aspects of learners (Mazza and Dimitrova, 2003); and
tracking learners’ answer that reflects on their behavior in an adaptive tutorial (Ben-Naim

et al., 2009).

The purpose of visualization is to “amplify cognition” about data (Card et al., 1999).
Visualization could be fully leveraged to get a better understanding from step-by-step
data logs generated by learning systems. Anscombe (1973) suggested both calculations
and graphs should be used by a computer, both sorts of output should be studied due to
each of them would contribute to understanding. Visualization could help to avoid
misinterpretation of data. Shneiderman (2002) claimed that integration of both data
mining and information visualization to invent discovery tools could enable more

effective exploration and promote responsibility.

There has also been considerable work exploring the importance of visualizations to
externalize the activity of learners. Some of them have conducted design and visualize
learning process in a computer supported collaborative learning system (Janssen et al.,
2007a; Tan et al., 2008), visualize and externalize the activity of groups working together
on collaborative learning participation (Janssen et al., 2007b; Rabbany et al., 2011), and
visualize the learning interaction with respect to collaborative and learning attitudes of
each participant (Hayashi et al., 2013). On individual learning, systems that collect
detailed real-time data on learner behavior and interpret those data by drawing on
behavioral research have been developed (Macfadyen and Sorenson, 2010). In 2011, the
adaptive learning system was developed (Anjewierden et al., 2011). This system could
monitor learner behavior through the actions they perform and identify patterns that point
to systematic behavior using visual representation. Moreover, the visualization uses a tree
structure to provide an overview of class performance also has been developed to allow

easy navigation and exploration of student behavior (Johnson et al., 2011).

A study in this chapter offers a visual representation for analyzing the problem-posing

processes of learners in Monsakun. These visualizations could detect important
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circumstances according to the changes in their thinking processes. Ben-Naim et al.
(2008; 2009) propose trap-states as pre-defined error answer and have identified actual
trap-states as a solution trace based on the learners' answer. In addition to their definition
of trap-states, we broaden the definition to include the process of arranging the answer.
By this detection, we would be able to provide information regarding a situation in which
many learners experience difficulties and misunderstanding of the structure of the
problems. The people who benefit from the results of this approach are teachers and
researchers. If teachers understand the difficulties faced by learners, they can provide
more helpful feedback. If researchers understand the difficulties experienced by learners,
they can consider and develop functions to overcome them. In the current state of this
study, we propose a method to visualize learner’s actions from the log data of Monsakun,

to extract some information from it, and to analyze the results.

4.3 An Automatic Approach through Visualizations

This study explores the log data of learners' activities collected from Monsakun as an
interactive learning system for problem-posing activity. The goal of this study is to
provide visual representations to discover and analyze learners' thinking in posing the
problems. Specifically, this study tries to discover the bottleneck of learners' problem-

posing process. Figure 4-2 shows the procedure of study to reach our goal.

In order to achieve our research goal, we first collected log data of learners’ activity
from Monsakun. Then, we designed a formulation to encode the problem-posing process.
At this stage, a transformation from a sentence card to the number representation was
applied. After that, we traced the problem-posing activity sequences recorded in the
database. In the next stage, we calculated two kinds of values: support and distance values.
These two values were used to measure the frequency of learners who attempted an action
and to measure the distance from an action to the correct answer, respectively. Then, we
visualized the values through states as graphical representations. Finally, we found trap-
states as the bottlenecks of learners’ thinking and analyzed our findings based on the

visualizations.
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Figure 4-2  Procedure of the study.

4.3.1 Collecting Log Data

Each learner’s actions on Monsakun were logged into a database. The raw data was coded
as a series of events. The events were coded as Ivl, lid, asg, stp, act, crd, slt, stt, and jdg,
where have described in Section 3.4.2. Participants tried to pose the problem three times.
For instance, there are 12 assignments in Level 5. When a learner finished all of 12
assignments in the level, they could complete the challenge for that level. As a result,
some learners were able to attempt the same problem a maximum of three times.
Therefore, we collected the data from three trials of the same problem by the same

learners.

4.3.2 Formulating problem-posing process

Monsakun records learners’ problem-posing activities as combinations of cards set in the
card slots. The resultant of activity is a combination of sentence cards, which is called the

“state” in the problem-posing process by learners. We defined four types of states shown

68



in Table 4-1. Type 1 is the uncompleted state, which is composed of less than three
sentence cards. This type includes, at least, one empty card slot. The empty card slots are
represented by zero (the state shown in brown). Type 2 is the completed state, which is
composed of three sentence cards. However, the learner did not ask the system to
diagnose the posed problem. This type is coded by a combination of three sentence card
indexes and followed by the string “[u]” (the state is shown in black). Type 3 is the failed
state. Although this is also composed of three cards, the system diagnosed it as a failure.
This type is coded by a combination of three sentence card indexes and followed by the
string “[f]” (the state is shown in red). The last one is the successful state (type 4), which
the system diagnosed as the correct answer. This type is coded by a combination of three

sentence card indexes without being followed by any other string code.

Table 4-1 Example of each type of states.

Type Definition Example Description

(010 Slot 1 is empty, slot 2 is occupied by sentence card #1,

1 Uncompleted state .
slot 3 is empty

Complete state 413 [u] Slot 1 is occupied by sentence card #4, slot 2 is occupied

2 . by sentence card #1, slot 3 is occupied by sentence card
without push button . .
#3, and without checking the answer
Complete state and EZEG)  Slot 1is occupied by senten.ce card .#3, slot 2 is occupied
3 ots wrong answer by sentence card #1, slot 3 is occupied by sentence card
& J #5, and check the answer then gets the wrong answer
Slot 1 is occupied by sentence card #3, slot 2 is occupied
Complete state and m I up! y . . I up!
4 by sentence card #1, slot 3 is occupied by sentence card

ets correct answer
J #2, and check the answer then gets success

Based on the model, all possible combinations of sentence cards and transitions
among them could be clearly defined as a network of states. We call this network as the
“problem states space.” All the actions of learners could be mapped to a transition from
one state to another in this network. All possible states can be obtained by combining all
the available sentence cards, including the empty slot. When a state represents a basic
unit of thinking, then the problem states space provides the range of thinking in a
problem-posing assignment. Therefore, this network becomes the basis of our proposed

visualization approach.
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The possible combination starts from State 000, the initial state, which means that all
slots are empty (root state). It continues with combinations of one card slot filled, two
card slots filled, and three card slots filled (complete state). There is a constraint that must
be satisfied to generate all possible states. Each sentence card can be used only once. For
example, it is impossible to create State 131, which means that the first sentence card is
used twice, in the first slot and the third slot. However, it becomes possible to make a

combination of more than one empty slot, for example, 001, 002, 003, and so on.

In the next step, we connected each state in accordance with the proper conditions.
The proper condition is one where there is a relation between the situation before and
after an action. For example, we connected a situation where all slots are empty with a
situation where one card slot is filled. It was impossible to connect a situation where all
slots are empty with a situation in which two slots are filled with sentence cards because
there is one situation that elapsed. As a concrete example, we could not connect State 000
to State 012 because there is one step that elapsed before the State 012. The state that may
be done before State 012 is State 001 or State 002.

The example of problem states space from six available cards with a combination
story is shown in Figure 4-3. Since there is no required order of cards in the state, states
that have the same composition are combined into one state (Section 2.3.1). For instance,
States 013, 031, 103, 130, 301, and 310 are combined into State 013. As a result of
combining states, we get 42 states in total for combination and comparison stories. While
for the increase and decrease story types, we get 136 states in total from five available

sentence cards.

4.3.3 Tracing activity sequences

In order to complete an assignment, the learners tried varying compositions of the
sentence cards, in order to generate a particular state according to what they thought. They
continued to change the composition of the sentence cards until they reached the correct
composition. Every state that occurred for learners was stored by the system. Thus, we
had an order of each state called a “sequence of states.” A sequence of states is a collection
of states that are sorted based on the sequence of learners’ activity. This sequence reflects

the learners’ thinking processes. Examples of sequences are shown in Figure 4-4.
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Figure 4-3  The graph of states space for combination story type with 6 available sentence cards.
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Figure 4-4  The examples of the sequence of states. a The sequence of learner 1. b The sequence of
learner 2. ¢ The sequence of learner 3.

There are three examples of sequences that have a different number of states, as shown
in Figure 4-4. The first sequence had 23 states as shown in Figure 4-4a; this means that
the sequence comprises 23 steps to reach the correct answer. The second and third
sequences had 67 steps (see Figure 4-4b) and 25 steps (see Figure 4-4c¢), respectively. The
first sequence begins with the State 010; this means that the learner put the first sentence
card into the second slot. The next state is State 310. In this state, the learner put the third
sentence card into the first slot. Next, the learner put the fifth sentence card into the third

slot, followed by pressing the diagnosis button. At this point, the learner achieves the
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wrong answer. Representation of this state is State 315[f]. The learner tried to correct the
error by taking the third sentence card from the first slot; this condition turns into State
015. The complete steps of the first sequence (see Figure 4-4a) could be mapped to the
problem states space, as shown in Figure 4-5. The blue nodes indicate visited states. The
yellow links show the relations between the visited states, and the thickness represents
how many steps the learner followed to get there. On the other hand, the gray nodes show
the states that were never arranged by the learners. Blue nodes and yellow links represent

what the learner considered before he/she arrived at the correct answer.
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Figure 4-5 An example of mapped a sequence to the problem states space.

4.3.4 Calculating the support and distance values

We propose two kinds of values to be visualized: support value and distance value. In this
study, support value denotes the number of learners who attempted to pose a state. This
value aims to show how many learners arranged the state. On the other hand, distance
value denotes the average number of steps it took for learners to reach a correct answer
from a state. This value aims to show how far or close the learner came to the correct
answer; thus, it is called the distance of state. Figure 4-6 shows sequences of states of

four learners for illustrating how to calculate support and distance values of State 014.
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Figure 4-6  An example of sequences of four learners for illustrating how to calculate support and
distance values of State 014.

As defined above, support value is obtained by calculating the number of learners
arranged a state. In the case of State 014, we can see in Figure 4-6 that there are three
learners perform the state. Therefore, the support value of State 014 is 3. The distance
value is obtained by calculating the average number of steps from a state to the correct
answer. Since it is possible for a learner to pose the same state for more than once, we
also calculate the average number of steps in one learner before calculating the average
for all learners. Let say State 014 of the first learner occurs seven times to achieve the
correct answer; they are at the 2nd step, the 24th step, the 26th step, the 34th step, the
36th step, the 38th step, and the 40th step for total 45 steps. As results, it causes distances
for each step is 43, 21, 19, 11, 9, 7, and 5, respectively. Thus, the distance value of State
014 of the first learner is 16 steps. With the same procedure, we calculate the distance

value for all learners as follows:

e Learnerl's distance (014)
= {(45-2) + (45-24) + (45-26) + (45-34) + (45-36) + (45-38) + (45-40)} / 7
=@43+21+19+11+9+7+5)/7
=115/7
=16.43
e Learner2's distance (014)
={(57-2) + (57-12)} / 2
=(55+45)/2
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=100/2
=50.00

e Learner3's distance (014)
=0.00

e [earnerd's distance (014)
={(19-2)} / 1
=17/1
=17.00

At last, we calculated the average distance of learners, which is (16.43 + 50.00 + 0.00 +
17.00) / 4 = 83.43 /4 = 20.86. Since the unit of distance is the step, we omit the decimal
places. Therefore, the distance value of State 014 is 20 steps.

4.3.5 Visualizing the values using graphical representation

A sequence has several states as objects that are linked by ordered steps. The first step
linked to the second step, the second step linked to the third one, and so on. For this reason,
we proposed the graph visualization, which shows the states and their relations. Moreover,
information visualization is best represented in graph structures, which act as bridges
between the visualization and the graph drawing field (Gréller, 2002). Rabbany et al.
(2011) used graph representation to visualize overall snapshots of the students’
participation in the discussion forums and give the instructor a quick view of what is
under discussion in online courses. In this study, such as in Johnson et al. (2011), we
designed a graph where each node represents a state, and each link represents an action
that takes a learner from one state to the next one. The graph gives an overview

visualization of all relations between the previous state and the next state in a sequence.

We described two kinds of graphs, “support graph” and “distance graph,” based on
their values. A support graph displays the support value of the states performed by
learners. This graph aimed to visualize states that have the number of supports shown by
the size of the node. The node with a larger size has a higher number of supports than the
node with smaller sizes. A distance graph displays the proximity of states to the correct
answer. This graph aimed to visualize the average number of steps of a state to the correct

answer indicated by the size of the node. The larger the node size, the greater the number

74



of average steps. It means that a large-sized node had a longer distance to the correct

answer on average.

4.3.6 Finding trap-states as the bottlenecks

A state performed by learners is the result of their thinking. When learners choose to put
one sentence card into an empty slot due to its possible potential, it has a consequence.
Similarly, when learners tried to take out a sentence card that has been installed in one
slot, it will lead to consequences too. The consequences could move learners away from
the correct answer. In this case, the learners are stuck in a condition where they would
have to do more steps to reach the correct answer. In other words, the learners are trapped
in the state that distanced them from the correct answer. Moreover, many learners found

themselves in this state.

We defined two important circumstances related to learners who were stuck in these
conditions. The first circumstance is related to learners who were in a condition where
there was no dummy card contained in the state. The second circumstance is related to
learners who were in the condition in which there was at least one dummy card found in
the state. Thus, we defined a state with no dummy card that could lead learners to doing
many steps to get to the correct answer and reached by many learners as “confusing state,”
while a state contained at least one dummy card where it could lead learners to do many

steps to get to the correct answer and reached by many learners as an “actual trap state."

4.4 Implementation of the visualizations to a case study on the

practical use of Monsakun

4.4.1 Participants and Materials

In this implementation, we visualize log activities of 39 Japanese first-grade elementary
students who participate in a practical use of Monsakun in class. As the focus of the study,
we processed the log data not only the completed states but also the uncompleted states.
In other words, we visualized the learners’ activities, including every action, in order to

extract some information through data mining techniques, which is represented by
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support and distance values. We believe that the visualization and analysis could be used

to support learners due to their difficulty in thinking.

Level 5 that is focused on the study in Chapter 3 consists of twelve assignments. In
this study, we focused on one assignment in order to apply our proposed method and
analyzed it. We picked the first assignment of Level 5. This assignment covered a
combination story type problem. The requirement of this assignment was to make a word
problem about “How many are there in all” that can be solved by “8-3.” There were six
sentence cards provided that could be used by learners. The sentences for each card, from

the first card to the sixth card, were the following:

1. There are 3 white rabbits.
There are ? black rabbits.
There are 8 white and black rabbits altogether.
There are 8 white rabbits.

There are 3 more white rabbits than black rabbits.

A

There are 3 brown rabbits.

In this assignment, the correct answer consisted of sentence card #1, sentence card #2,
and sentence card #3. We collected the data from three trials of the first assignment by

the same participants described above.

4.4.2 Visualization of Support and Distance

Figure 4-7a, b shows examples of support graphs and distance graphs, respectively.
The value of each state in both types of graphs was normalized by scaling 0 to 1. We
discarded the node that had a value of zero, which means the learners had never done that
state. We focused on the state that had already been made by learners. We also
implemented two different colors for nodes. The color was determined based on the top
five support and distance values. The top five nodes were colored red, and the rest were
blue. We did this on the grounds that the top five nodes are (1) states that had a high-
value of support, as shown in Figure 4-7a, and (2) states that had long distances from the
correct answer, as presented Figure 4-7b. For that reason, we focused on the red states for

further analysis.
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Figure 4-7  Support graph and distance graph of the first trial. a The support graph. b The distance
graph.

We argue that using these two graphs, based on the red states for both sides, valuable
information could be discovered. For instance, State 004 is one of the principal states
from the support graph. However, it does not have a high-distance value. This means that
many learners made the state but they easily became aware of its incorrectness. On the
other hand, State 012 is one of the principal states from the distance graph. However, it
does not have a high-support value. It means that very few learners were able to make it
and felt that it was difficult. We need to find states where many learners feel challenged.

For this purpose, we combined both graphs.

Based on the value of its support, the red states on the support graph shown in Figure
4-Ta are 004, 045, 245, 014, and 024, which have support values of 37, 32, 28, 27, and 26
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respectively. This means that State 004 was attempted by 37 learners, State 045 was
attempted by 32 learners, etc. On the other hand, the red states on the distance graph
shown in Figure 4-7b are 012, 124, 134, 014, and 234, which had the average distance to
the correct answers of 68, 44, 32, 24, and 19, respectively. This means that when learners
were in State 012, they took 68 steps to reach the correct answer on average. Similarly,
State 124 required 44 steps, State 134 required 32 steps, etc. Highlighted states on the
distance graph are strong candidates for trap states because learners got stuck and had to
do many steps to reach the correct answer. However, this was not enough to identify that
a state was a trap state. As defined previously, that trap state is a state that not only leads
learners to do many steps but also requires learners to be supported by others. Therefore,
by combining the distance graph with the support graph, the actual trap states were

revealed.

The most distinct state in the distance graph is State 012 (the largest node is shown in
Figure 4-7b). This situation indicates that the State 012 could potentially be a trap state
for many learners. However, when we looked at the support value, this state was only
supported by a few learners (shown by the little blue node in Figure 4-7a). Although State
012 was one that required many steps to reach the correct answer in this data, there were
not many learners who could arrange this state. The same thing occurred in State 124,
State 134, and State 234. The rest state with the red color shown in Figure 4-7b is State
014. When learners were in this state, they were required to complete 24 steps to reach
the correct answer on average. Moreover, this state was also reached by many learners,
as shown in red in Figure 4-7a. This means that, for many learners, they tended to do
more steps and move further away from the correct answer when they were in State 014.
This state was supported by 27 learners. Besides, State 014 contained a dummy card.
Thus, this state could be said to be an actual trap state. In other words, by using
visualization, it was revealed that the red colored state shown in the support and distance

graphs was an actual trap state.

4.4.3 Visualization of Changes of the Trap State

In this section, we present another visualization called the “trap graph.” It was obtained

by multiplying the support value and the average distance value together. We refer to this
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multiplication result as the trap value. We also normalized the trap value by scaling 0 to
1. The trap graph shown in Figure 4-8 provides information about the actual trap state in
the first trial of the assignment. The actual trap state is displayed by a red node in the
graph. From this graph, we also obtained the result that the actual trap state was State 014
as the highest trap value in the first trial. The result of the actual trap state in the trap
graph showed the same result when we used support and distance graphs. We argue that
the trap graph could be used to represent both support and distance graphs. For this reason,
we use the trap graph to detect the actual trap states in the second and third trials as the

changes of the trap state.

000
001 o2 s 004 005 006
012 1] 014 015 016 024 o025 026 035 036 s 046 056
123 124 125 134 135 136 145 146 156 234 235 236 245 246 256 345 346 356 456

Figure 4-8  Trap graph of the first trial.

In the second trial, we found that the two highest trap values were State 023 and State
013 shown in Figure 4-9, which did not contain any dummy cards. State 023 contained
sentence card #2 and sentence card #3, both of which were correct cards. Also, state 013
contained sentence card #1 and sentence card #3, both of which were correct cards.
Because these states did not contain any dummy cards, we refer to these states as
confusing states. In these states, the learners are close to the answer. They have been on
the correct path and only need one more step to reach the answer, meaning that learners
need only one correct sentence card to complete the problem. However, they did many

steps to reach the correct answer. They needed 22 steps on average to get to the correct
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answer. However, there is nothing wrong with their actions to achieve the State 023 or

State 013. Therefore, we argue that they were only confused, instead of trapped.

012 013 014 (41 16 023 024 025 026 a3 035 036 045 s
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Figure 4-9  Trap graph of the second trial.

The next high value is State 004, the red state shown in Figure 4-9. The state is the
top-3 state, which was supported by many learners and required many steps to reach the
correct answer. The difference with state 023 was that this state contained a dummy card.
In this case, the learners chose the wrong sentence card. The mistake of choosing this
sentence card caused the learners to be trapped in a condition that increased the distance
to the correct answer. Thus, we detected State 004 as an actual trap state in the second
trial of the assignment. The last trap graph generated from the third trial is shown in Figure

4-10. State 035, the highest trap value on the graph, was detected as an actual trap-state.

4.5 Discussions

The difficulty in this assignment was that learners were confused about the gap between
the required story type of combination and the numerical expression of subtraction (8-3).
Although subtraction implies the story type of decrease and comparison, in this case,
learners must pose a problem of the combination story type. Before this assignment, in
previous levels, learners had done assignments in which they could obtain the correct

answers by arranging cards according to the order of numbers in the numerical expression.
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However, this was not valid for this assignment because the numerical expression did not
express the story, but expressed the solution to evaluate the unknown number. Even if
they made a strategy to arrange the cards according to the numerical expression from
previous assignments, this strategy did not work in this assignment. Learners tended to
make such a strategy (Hasanah et al., 2015a). To complete this assignment, for example,
the learners needed to transform the numerical expression, “8-3,” into the numerical
expression representing a combination story, such as “3 + ? = 8.” Moreover, learners

could assign existence sentence cards to “3” and “?”.
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Figure 4-10 Trap graph of the third trial.

The trap state in the first trial that tended to make learners do more steps and distanced
them from the correct answer was State 014. State 014 consists of sentence card #1 (There
are 3 white rabbits) and sentence card #4 (There are 8 white rabbits). This tendency
demonstrated that learners tried to use the given numerical expression directly, “8-3,”
and to assign sentence card #1 and sentence card #4 to the number “3” and “8,”
respectively. Based on the available cards, it was reasonable that those sentence cards had
been chosen instead of sentence card #2, which contained an unknown number (7here
are ? black rabbits), and sentence card #6, which contained a different type of object from

the others (There are 3 brown rabbits). In this situation, most of the learners became stuck
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because they thought the correct answer was the number “8” on the numerical expression
belongs to the independent quantity sentence card (There are 8§ white rabbits), but actually
they should have chosen the number “8” on the relative quantity sentence card (There are
8 white and black rabbits altogether). Thus, State 014 could also be explained as an actual
trap state based on the triplet structure model. We thus confirm that, by using these

visualizations, the actual trap state for learners could be detected.

Based on the trap graph in each trial, it was demonstrated that the principal trap state
changed from the first trial to the second and third trials. In the first trial, the principal
trap state was State 014. In the second trial and the third trial, the principal trap states
were State 004 and State 035, respectively. More precisely, the changes of the actual trap
states are indicated by the changes of the trap value for each trial, as shown in Figure 4-
11. The chart in Figure 4-11 shows that State 014 had a trap value of 2621 in the first trial.
This value is the highest value that enables State 014 to be detected as an actual trap state
in the first trial. However, in the second trial, State 014 only has a trap value of 377. This
value is lower than State 004, which has trap value of 662. Therefore, in the second trial,
the actual trap state moved to State 004. In the third trial, the actual trap state changed
again to State 035. This state has a trap value of 699, which increased from the previous
trial where it only had a trap value of 136. On the other hand, the trap values of States
014 and State 004 decreased to 266 and 101, respectively. We confirm that by using these
visualizations, the actual trap state for learners in every trial could be detected. Moreover,
the actual trap state changed from the first trial to the third trial, as summarized in Table
4-2. Table 4-2 also shows the number of learners who were in the state that was detected
as an actual trap state. In general, it could be said that the number of learners in that state

decreased.

State 014 was found to be an actual trap state in the first trial. As discussed before, in
this trial, learners used strategy to pose the problem by directly using the given numerical
expression, “8-3.” The actual trap state in the second trial changed to State 004. State 004
only consisted of sentence card #4 (There are 8 white rabbits). This was to encourage
learners to try to change strategies to pose the problem and encourage them to move away
from using numerical expressions. However, the strategy did not work because learners

still kept trying to use sentence card #4. There was still a decided tendency based on some
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sort of thinking (Hasanah et al. 2015b). They assumed that the number “8” in the
numerical expression was considered to be an independent quantity sentence. In this
situation, most of them were still confused and stuck because the correct answer with the
number “8”” was the number in the relative quantity sentence (There are 8 white and black
rabbits altogether). Thus, State 004 could also be explained as an actual trap state based
on the triplet structure model. In the third trial, the actual trap-state changed and was
detected as State 035. State 035 consisted of sentence card #3 (There are 8 white and
black rabbits altogether) and sentence card #5 (There are 3 more white rabbits than black
rabbits). This composition did not make a particular type of story. They put sentence card
#3, which reflected a combination story, and sentence card #5, which reflected a
comparison story, together in one state. Based on the number of learners shown in Table
4-2, we could say that a small number of learners still did not have a good understanding

of the base structure of the problem.
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Figure 4-11 Portion of the number of states in Assignment 10 to the occurrence frequency.

Finally, we confirm that by using these visualizations, trap states for learners could
be detected and they changed for each trial. This means that trap states in the previous
trial did not remain trap states in the next trial. Moreover, the number of learners and

actions decreased from one trial to the next. This indicates that the number of learners
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who had a good understanding of the problem structure increased, although there were

small numbers of learners who were still confused.

Table 4-2 Actual trap state for each trial.

Trial Actual trap state Number of learners
1 014 27

2 004 22

3 035 6

4.6 Chapter Summary

The study in this chapter presented visualizations that externalized the activity of learners
in a problem-posing learning system, where learners posed problems based on the
requirements of an assignment. The support and distance graphs trace different aspects of
the learners’ activity, and the combination of both visualizations produce the trap graph,
which could detect the trap states as the bottleneck for learners. Through this detection,
we are able to receive information regarding situations in which many learners have some
misunderstandings on the structure of the problems. The detected trap state is obtained
based on the highest trap value. The current trap value is detected via tentative analysis,
and thus, we need to sophisticate the calculation. At the minimum, we need to distinguish
between the high-supported state that was arranged by many learners and the low-

supported state that was arranged by few.

In addition, we conducted three trials to investigate their progress of thinking in
posing the same type of problem. From the analysis, we found that the trap state changed
from the first trial to the third trial. Some learners had a tendency to change their strategy
to pose the problem for each trial. The changes in their strategies caused the number of
learners who were trapped to decrease from one trial to the next. We infer that the number
of learners who had a good understanding of the problem structure increased as a result

of this activity.
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CHAPTER 5

DESIGNING A COMPUTER-BASED
SCAFFOLDING ON A PROBLEM-POSING

LEARNING SYSTEM

Summary: This chapter presents a study proposes a scaffolding in a problem-posing
learning system, called Monsakun, to increase learner's awareness of the problem's
structure of arithmetic word problems. Scaffolding defined as supports for learners
in order to enhance learning and Monsakun is an interactive problem-posing learning
system to facilitate learning in arithmetic word problems. A study in this chapter
presents a design of a computer-based scaffolding system. The proposed system
detect individual learner's bottleneck through problem-posing processes in the real-
time when they pose a problem and adaptively provide a personalized task based on
the bottleneck found. It is aimed to support the learner in overcoming the bottleneck
and gaining a better understanding of the problem's structure. In Monsakun, the
bottlenecks are often detected as a frequently repeated use of a specific dummy. If
such dummy can be detected, it is the key factor to support learners to overcome
their difficulty. This support system is expected to foster learner’s consideration

about the problem structure while posing arithmetic word problems on Monsakun.

5.1 Introduction

As technology extends learning from classrooms to learning systems, the scaffolding is
no longer implemented via face-to-face instruction that literally exists between a teacher
and learners in a classroom. Recently, the form of supports that emerges to learners is

facilitated through technology. Learners received computerized scaffolds supporting their
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metacognitive activities in the learning process (Molenaar and Roda, 2008). These
scaffolds were given when metacognitive activities are typically executed in the learning
process. The computerized scaffolding system generated the appropriate instance to send

a scaffold based on the learner’s attention focus.

There has been considerable work developing the scaffolding modules to enhance
students in learning. Carr et al. (2011) developed Ecolab, an interactive learning system
designed to support 10 - 11 years old learners’ understanding of ecology. The system
offers help at different levels of specificity and invites users to consider what level of help
they need — a form of metacognitive assistance. Teo and Chai (2009) focused on the use
of sentence openers as the main form of a scaffold in an online discussion activity.
Molenaar et al. (2012) focused on supporting students in their virtual collaboration system
with experts, called Ontdeknet (Molenaar, 2003). The experts provide students with
information about their subject of expertise, give the assignment and monitor students’
progress through a 3-D agent David with a particular expression. Using a similar way,
Tiantong and Teemuangsai (2013) conducted scaffolding modules which represented by
a 3-D animation experts cartoon to attract students in giving concepts and using logics
and problem structure to fight for solutions. We developed scaffolding with a different
way by providing an assignment based on learner’s bottleneck automatically to enhance
their awareness of the problem’s structure in the process of posing arithmetic word

problems.

Intelligent tutoring systems can dramatically increase learners’ comprehension by
adapting the learning activity to the learners’ needs, based on an intelligent assessment of
their level of knowledge. A system for personalization based on hybrid recommendation
strategy and learning style identification has been developed (Klasnja-Milic¢evi¢ et al.,
2011). Ben-Naim et al. (2008) propose the Solution Trace Graph from learners' activities
on Adaptive eLearning Platform that shows learners’ behavior during the Adaptive
Tutorial. The analysis of adaptive tutorials is always performed with the purpose of
refining and improving them for the next time they run. Using the result of the analysis,
the feedback of the tutoring system that did not help the students to understand their
mistake can be changed to be more specific and helpful. Moreover, Ben-Naim et al.

(2009) defined trap states as pre-defined error answers and specified an overly general
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trap states based on the learners' answers. When researching why such a mistake was so
prominent, it was noticed that learners’ mistake was that they used a particular strategy.
The system will then simply add a new trap state targeting the misconception of the
particular strategy. Supianto et al. (2015a) conducted detection of trap states by tracing
problem-posing activity sequences from the system’s log data in problem-posing learning
system (mostly discussed in Chapter 4). In addition to Ben-Naim et al. (2009), Supianto
etal. (2016b) proposed the definition of trap states not only based on the learners’ answers
but also including the process of arranging the answer. Moreover, the trap state was found
in the study is conducted by technology in order to detect the bottlenecks of learners based
on their activity, instead of pre-defined errors, in the group of learners. In contrast, the
study in this chapter, detecting trap state is implemented for each learner in order to
support individually based on the process of learning by problem-posing in arithmetic

word problems.

Having described how learning by problem posing via sentence integration using
Monsakun is working in the previous chapter (this is mainly explored in Section 2.3), it
was confirmed that this approach makes simple and goal-oriented problem-posing tasks
even for lower-grade of elementary school students while maintaining its value as a viable
learning method. Nevertheless, in some cases, the system provides an assignment that
makes learners difficult and got stuck in posing the problem. Therefore, there is a need to
support learners in problem-posing processes for helping them to pose meaningful
problems. This can be achieved by generating an assignment automatically based on the
history of their difficult, and hence, the assignment would meet the learner’s level of
understanding. This chapter presents a study to design a computer-based scaffolding
system to enhance learner’s awareness of problem’s structure while posing the problems
on Monsakun. Figure 5-1 shows the goals, contributions and validation methods
addressed in this chapter. The study in this chapter describes the system architecture,
system components, and details of the procedures for the proposed scaffolding on

Monsakun.

This chapter is structured as follows. Section 5.2 presents problem formulation to
show how the bottleneck occurred through learner's problem-posing process in Monsakun.

Section 5.3 presents the design of proposed scaffolding system consists of the system
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architecture, procedures, and process of generating new assignment. Finally, the chapter

is summarized in Section 5.4.

Context

Selected Problems

How can log of interaction
data be analyzed and
distilled to enhance
learner’s awareness of the
problem’s structure of
arithmetic word problems

Goals

Design a computer-
based scaffolding
system to enhance
learner's awareness of
problem’s structure
while posing the

Contributions

{

Design a computer-based
scaffolding system on
Monsakun

Validation

Design system
reguirements

on Monsakun?

problems on Maonsakun

Figure 5-1 Context, goals, contributions and validation of Chapter 5.

5.2 Problem Formulation

In the study of this chapter, each composition of sentence cards in Monsakun is treated
as a "state" in the problem-posing process by the learner. All possible combinations of
sentence cards and transitions among them could be clearly defined as a network of states
(Supianto et al., 2016b). All the actions of a learner could be mapped to a transition from
one state to another in this network. All possible states can be obtained by combining all
the available sentence cards. Each state represents a basic unit of thinking, and a problem
state space provides the range of thinking in a problem-posing assignment. Based on the
task model in Monsakun (Kurayama and Hirashima, 2010), five main constraints to be
satisfied by each posed problem have been devised, which are: calculation, story type,
number, objects, and sentence structure. When all five constraints are satisfied, the learner
has succeeded in posing a valid problem according to the requirement. When less than
five constraints are satisfied, it shows that the learner has acquired a level of
understanding of the problem's structure but the final problem does not yet satisfy the
requirements. If there are no constraints satisfied by the learner, it shows that the learner

is unable to understand the structure of the arithmetic word problem.

Although learners have a tendency to keep or enhance the meaningfulness of posed
problems even in the middle of the problem-posing process (Supianto et al., 2016a), the

average of steps and mistake in the top-level was very high (Hasanah et al., 2015b), which
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shows that the top-level was indeed very challenging for learners. The average of steps
and mistakes shows how many steps a learner needed in order to pose a correct answer in
one assignment and how many mistakes the learner made during the process, respectively.
Ideally, a learner would only need 3 steps to pose a correct answer, because a problem in
Monsakun consists of the arrangement of 3 simple sentence cards. However, when a
learner combines the sentence cards due to its possible potential, it has consequences. The
consequences could move learners away from the correct answer. In this case, the learners
are stuck in a condition where they would have to do more steps to reach the correct
answer. In other words, the learners are trapped in the composition that distanced them
from the correct answer. Then, we call such state as an actual trap-state as the bottleneck
in thinking. In this study, a method for detection of that bottlenecks and support system

for overcoming them is proposed.

The example of learners’ log data of Level 5 Assignment 1, which is designed as
combination story problem and presented in Chapter 4.4.1. It will be used for explaining
the procedure suggested in this study. The requirement is to make a word problem about
"How many are there in all” that can be solved by "§-3." and the sentence cards are

presented as follow:

There are 3 white rabbits.

There are ? black rabbits.

There are 8 white and black rabbits altogether.
There are 8 white rabbits.

There are 3 more white rabbits than black rabbits.

AN o

There are 3 brown rabbits.

In this assignment, the correct answer consists of sentence card #1, sentence card #2, and
sentence card #3 (the sentences appearing in bold), while sentence card #4, sentence card

#5, and sentence card #6 are identified as dummy cards.

Figure 5-2 depicts an illustrative example of processed log data of a learner's problem-
posing activity of the assignment above. The brown and red rectangles (see Figure 5-2a)
indicate the uncomplete states and the mistaken states, respectively. In this example, the

total number of steps is 64 times and the total number of mistakes is 18 times, which
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indicates that the learner feels difficult to reach the correct answer, and hence, need to be
supported. The yellow nodes in Figure 5-2b indicate the states that had already been made
by the learner. The green lines show the path of the learner's steps and the thickness of
the link indicates the number of steps from a node to another. Based on this information,
it looks the learner got stuck in State 004, 014, 134, and 034. The learner seems to struggle

to achieve the correct answer, which is State 123.

004 Jo1af 134014 ] 145 Jo1aJ 00a] 000 J 003 Jo34] 346 Lo3a] 134 fo34] 134 ] 014 J 001 L 000 [ 00a)
014] 134 Lota] 145 Jo14 J ooa 00of 003 034 ] 346 [ 034] 134 034 ] 134 014] 001 J 000 [ 003 | 000
003 023] 235 [ 025 [ 005 L 000 004 046 246 J 046 ] 346 J0a6 ] 456 J 046 ] 146 L 046 Jooa ] 014] 146
0141 004 ] 000J 004 J 014 004] 014

E

Figure 5-2  An example of processed log data of a learner’s problem-posing activity. a The
sequence of states. b Graphical representation.

According to the problem above, a new method implemented to the learning system
that can support learners according to their bottleneck is conducted in order to help them
out of the impasse. The proposed system presents adaptive assignment setting based on
the detected bottleneck. This setting expects the learner’s awareness of the problem's
structure in the problem-posing process. Therefore, the learner has a better understanding

to their bottleneck and could accomplish the next assignment smoothly.

5.3 Proposed Scaffolding System

This section describes the system architecture, system components, and details of the

procedures for the proposed problem-posing learning system.
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5.3.1 System Architecture and Components

The system architecture is shown in Figure 5-3. The system consists of Monsakun and
proposed systems. The Monsakun system consists of four functional modules: 1) interface
module, which manages the appearance of an interactive and interesting learning system,
so the learner can operate the learning system easily and smoothly; 2) problem-posing
assignment module, which presents the storage for all essential learning assignments,
such as requirements, sentence cards, and rules; 3) application module, which delivers
the assignment and performs an evaluation of learner's answer based on the rules, this
evaluation responsible for providing a feedback message to the learner regarding his/her
mistakes; and 4) log data module, which collects every learner's steps and records it into

the files.

Learner

i e R e e T A SR o i P T e, S |
E ! Interface I
2 | module |
“' | Problem-posing ||
] Log data 4
,_?é : el 1 assignment module ||
0 |
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81| process Selecting the omitting the selected |
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| ottlenec! bottleneck == Yes |
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Figure 5-3  The system architecture of proposed problem-posing learning system.
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The proposed system consists of two functional modules: ‘detection of bottleneck’

and 'recommendation setting’. The detection of bottleneck module responsible for finding

the learner’s bottleneck. It processes the log data of learner’s activities and provides

bottleneck, which is represented by Module 1 to Module 3. The recommendation setting

module generates new assignment setting to a learner based on the bottleneck found in

the previous stage. It is handled by Module 4 to Module 6. As the result, we remove a

specific dummy sentence card that makes learner stuck while posing the problem and

build new assignment by omitting this dummy.

5.3.2 Operation Procedures

Based on the system architecture mentioned above, the proposed system operation

procedures are briefly described as follows:

Stage 1.

Stage 2.

Stage 3.

Formulating problem-posing processes by encoding states performed by the
learner using indexing number. When the slot is still empty, index = 0 is
implemented. For instance, when the learner poses the problem by selecting

sentence card #1 and arranges it to the second slot, State 010 is generated.

Tracing learner’s activity and processed into a sequence of states. Every state
stored by the system sequentially produce ordered states which represent the
sequenced learner’s steps. This steps reflect the learner's thinking processes.
The sequence is then used in the next processes to detect the bottlenecks. An

example of a sequence that consists of 64 states is shown in Figure 5-2a.

Finding the bottleneck state based on the highest trap value obtained from the
support and distance values (Supianto et al., 2016b). The size of nodes
presented in Figure 5-2b depicts the trap values. The node with a larger size
has a higher value of trap than the node with smaller sizes. According to that,
State 134 with the highest score is selected as the bottleneck state. When the
highest score happens in more than one state, then all states with the highest
score will be selected as trap-states. For instance, when State 134 and 014 have
the same value then both states will be selected. Next, the system will check
the total number of dummy card in the bottleneck state(s). If the dummy card

in the bottleneck is only one card, then go to Stage 4. Otherwise, go to Stage 5.
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Stage 4. Selecting the dummy card in the bottleneck state, which is obtained from Stage
3. In case the bottleneck state is State 134, then the selected dummy card is the

sentence card #4.

Stage 5. Selecting the highest trap-value of the dummies and select the dummy having
the highest score. For example, let say State 145 with the highest trap value is
selected as a bottleneck. This state has two dummy cards, sentence card #4 and
sentence card #5. The system sums-up the total trap values of states which
containing each dummy. As result, total trap value of sentence card #4 and
sentence card #5 are obtained. If sentence card #4 has the highest value then
the selected dummy card is the sentence card #4, and it also applies to the

sentence card #5.

Stage 6. Using the selected dummy obtained from the previous stage, the system
generates the new setting of an assignment by removing the dummy on the
available sentence cards. Then, the system provides the next assignment to the

learner.

5.3.3 New Setting of an Assignment

Removing the dummy, which is from the beginning intended as a distractor and
eventually becomes the cause of the bottlenecks, might be able to overcome their impasse.
We propose a method to change the characteristic of assignment based on the learners’
bottlenecks. The changes of the assignment are generated from the previous one in order
to guide the learners. The characteristic of current assignment has caused learners difficult
to get the correct answer. Therefore, by changing the characteristic of assignment to be
less difficult, having a good understanding of the problem's structure is expected. In this

study, the characteristic of the assignment is defined as the violation of the constraints.

Figure 5-4 shows the proportion of the number of states that violate the constraints. It
can be seen that the new setting when sentence card #4 is removed will help learners
having difficulty in calculation constraint. The number of states in the calculation
constraint of this setting is lowest than the other new settings. Thus, this setting is fit for
learners that have bottlenecks in states related to the calculation constraints. On the other

hand, the new setting when sentence card #5 is removed will help learners having
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difficulty in the story constraint because of the possibility of the violation of constraint
about the story is decreased. While when the new setting in which sentence card #6 is
removed will support learners that have difficulty in objects constraint because of the
possibility of the violation of constraint about objects is decreased. Therefore, depending
on the characteristic of the difficulty that faced by learners, the new setting would be

generated.

THE NUMBER OF STATES THAT VIOLATE THE CONSTRAINTS
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Figure 5-4  The proportion of the number of states that violate the constraints.

Based on the example discussed above, the bottleneck state is State 134. According
to the requirement, the difficulty in the assignment is that there is a gap between the
required story type of combination story problem and the numerical expression of
subtraction, “8-3.” Although subtraction usually implies the story type of decrease and
comparison, in this case, the requirement is to pose a problem of the combination story
type. To complete the assignment, it is needed to transform the numerical expression, “8—
3,” into the calculation expression representing a combination story, such as “3 +? =8,”
or “? + 3 = 8.” Thus, the learner could assign existence sentence cards to “3” and “?”

(Unknown number).

According to the state 134, the learner seems kept trying to use sentence card #4
(There are 8 white rabbits). There was a decided tendency based on some sort of thinking
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that the number “8” in the numerical expression was considered to be an independent
quantity sentence. However, the learner also used sentence card #3 (There are 8 white
and black rabbits altogether) which represents that the number “8” was considered as a
relative quantity sentence. In this situation, the learner confused and stuck in keeping
sentence card #4 (There are 8 white rabbits) to pose the correct answer. Such kind of
difficulty, it would be helpful for learner when the assignment is changed to the new
setting when sentence card #4 is removed. In addition, according to the number of states
that violate the constraints, the calculation constraint of the new setting, which sentence
card #4 is removed, is lowest than the other new settings. Our expectation is illustrated in
Figure 5-5.

001]000] 003 013]123J013] 423
a

ON JONON NONON N NON NONON N NON N NON _
b

-

Figure 5-5 An example of processed log data of a high-performance learner’s problem-posing
activity. a The sequence of states. b Graphical representation.

Figure 5-5 shows an example of problem-posing activity from a high-performance
learner in the same assignment as described in previous. The learner poses the problem
smoothly within 7 steps to reach the correct answer (see Figure 5-5a). The learner has a
good understanding and avoids compositions that include the dummy sentence card #4,

which is shown as the red nodes in Figure 5-5b. In the third step, the learner composed
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State 003, which means the learner used sentence card #3 (There are 8 white and black
rabbits altogether). The learner realized that the number “8” was considered as a relative
quantity sentence, instead of an independent quantity sentence. Therefore, the learner
evaded in composing State 004, a state that contains sentence card #4 (There are 8 white
rabbits). Such awareness about the problem structure is expected to the low-performance
learners by giving support to them while posing the problems. In this paper, the support

is implemented by providing the assignment based on their bottleneck of thinking.

5.4 Chapter Summary

We designed a scaffolding system to increase learner’s awareness of the problem
structure in problem-posing process on Monsakun, a problem-posing learning system of
arithmetic word problems as sentence integration. The proposed system detect individual
learner's bottleneck in real-time while posing a problem and adaptively provide the next
assignment setting based on the bottleneck found in the previous assignment. It is aimed
to support the learner in overcoming the bottleneck and gaining a good understanding of
the problem's structure. The proposed system responsible for formulating problem-posing
process from log data of learner’s activities, finding a bottleneck condition, and
generating a new assignment to the learner. For the future work, we plan to do the

practical use in the classroom and analyze the result.
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CHAPTER 6

CONCLUSIONS AND FUTURE WORK

6.1 Summary of Studies

Learning Analytics and Educational Data Mining are emerging fields that aim to exploit
learner’s data to discover and make visible several aspects the learning processes. These
can include learner’s strategies, patterns of behavior, quantitative indicators of activity
and quality of learner’s products. Our research on problem-posing learning system offer
approaches to investigate and discover log data activity that can help teachers, learners,
and researchers enhance learning by problem posing, especially on Monsakun, an
interactive learning system that promotes learning by problem posing of arithmetic word

problem as sentence integration.

This thesis set out to investigate how log data of problem-posing processes can be
automatically analyzed and exploited through data analytics techniques, in order to
confirm learners’ consideration of the problem's structure and to discover learners’
bottleneck in thinking when they pose the problems for supporting them enhance their
awareness of the problem's structure in posing arithmetic word problems. To achieve this,
we proposed an approach grounded on the intersection of the three fields: Human-
Computer Interaction (HCI), Learning Analytics (LA) and Educational Data Mining

(EDM). We defined the problematic in terms of three main thesis questions:

1. Do learners consider the structure of arithmetic word problem in posing problems
using Monsakun?
2. Do the history of learners’ activity provide useful information regarding their

bottlenecks in thinking while posing problems on Monsakun?
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3. How can log of interaction data be analyzed and distilled to enhance learner’s

awareness of the problem’s structure of arithmetic word problems on Monsakun?

To address these questions, we conducted studies presented in previous chapters.
Figure 6-1 presents a summary of the thesis goals that address the questions described
above. The figure also illustrates how each chapter of the thesis is associated with those.
Chapter 3 presented studies to investigate learners' thinking through their actions during
problem-posing processes on Monsakun in term of the constraints. Chapters 4 described
a visual representation as educational data mining approach in order to discover the
bottlenecks of learners' problem-posing processes. Building on top of the previous
chapters, Chapters 5 expressed study in designing a computer-based scaffolding system
to enhance learner's awareness of problem's structure while posing the problems on

Monsakun.

Goals

Chapter 3: Chapter 5:
Investigate learners' thinking through . . Chapter 4: . Design a computer-based scaffolding
their actions during problem-posing I?rowde.a visual .relpresentatlon for' system to enhance learner’s awareness
processes on Monsakun in terms of the discovering the d'ﬁ_'CUIw of learners of problem’s structure while posing the
constraints problem-posing process problems on Monsakun

Figure 6-1  Summary of the thesis goals matching to the thesis chapters 3-5.

Chapter 3

In this chapter, we present two studies that conducted a model-based analysis of
problem-posing activity including posed problem and intermediate products while posing
problems from Monsakun log data of first-grade elementary school students to investigate
their actions while posing arithmetic word problems. The assumption in the first study is
that they consider the structure of arithmetic word problems as sentence-integration
through satisfying as many constraints as possible. The result shows that significant
correlation in 11 out of 12 assignments is found, which shows that many actions
performed by learners had an inclination to satisfy as many constraints as possible.
Further investigation shows that learners had a tendency to enhance the validity of the

intermediate states to achieve the correct answers. It means that learners tended to pose
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the required problem with an awareness of the structure of arithmetic word problems

throughout the problem-posing process.

The second study focused on the violation of the constraints. The analysis involves
intermediate products to prove that the learners attempt to avoid invalid intermediate
products. Correlation between the numbers of violated constraints and the frequency of
each intermediate product that the learners actually made was reported. Moreover, to
determine the detail trends of learners’ actions, a chi-square test between the number of
states in the assignment setting and the occurrence frequency was conducted. Significant
correlation and difference in 11 out of 12 assignments was found, which shows that many
actions performed by learners had the inclination to avoid as many violated constraints as
possible. It indicates that they tended to avoid as many mistakes as possible. Furthermore,
although learners tended to avoid the violated constraints, they could not avoid some
mistakes. However, most of the learners' mistakes violated at most two constraints.
Further analysis shows that, in 12 assignments, learners generally have difficulty
fulfilling 2 out of 5 constraints, which are “story” and “calculation” constraints. Based on
this analysis, it would be possible to detect the difficulty of learners' actions from the

model perspective. Hence, accurate feedback and appropriate support can be provided.
Chapter 4

The study in this chapter presented visualizations that externalized the activity of
learners in a problem-posing learning system, where learners posed problems based on
the requirements of an assignment. The support graph provides the number of states that
were visited by learners. The distance graph depicts the number of steps to the correct
answer. These visualizations trace different aspects of the learners’ activity, and the
combination of both visualizations produce the trap graph, which could detect the trap
states as the bottleneck for learners. Through this detection, we are able to receive
information regarding situations in which many learners have some misunderstandings
on the structure of the problems. In addition, the study conducted three trials to investigate
their progress of thinking in posing the same type of problem. From the analysis, we
found that the bottleneck changed from the first trial to the third trial. Some learners had
a tendency to change their strategy to pose the problem for each trial. The changes in their

strategies caused the number of learners who were trapped to decrease from one trial to
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the next. We infer that the number of learners who had a good understanding of the

problem structure increased as a result of this activity.
Chapter 5

In this chapter, study on designing a scaffolding system to increase learner’s
awareness of the problem structure in problem-posing process on Monsakun is presented.
The proposed system detect individual learner's bottleneck (according to the study in
Chapter 4) in real-time while posing a problem and adaptively provide the next
assignment setting based on the bottleneck found. It is aimed to support the learner in
overcoming the bottleneck and gaining a good understanding of the problem's structure.
The proposed system responsible for formulating problem-posing process from log data
of learner’s activities, finding a bottleneck condition, and generating a new assignment to

the learner.

6.2 Future Directions

In this thesis, we focused on showing that our approach can be effectively applied to help
teachers and researchers understanding of learners' thinking through their log of problem-
posing activity. The information can be used to provide appropriate feedbacks to learners
in order to enhance their awareness of the problem's structure in posing arithmetic word
problems on the learning system. However, the investigation can be extended to a wide
range of areas of research and practice. Moreover, a scaffolding system also can be
developed to support learners in enhancing their learning. The description of our future
work is aligned with current educational technology trends and can be condensed into
two main objectives: to analyze learning processes of learners’ activity on learning

systems and provide personalized/adapted learning experiences.

Exploring and analyzing other learning situations and dimensions of learner's activities

on the problem-posing learning system.

We plan to analyze in more detail the characteristics of learners’ thinking process. We
also would like to explore methods to identify other significant actions. In particular,
according to Chapter 3 and Chapter 4, it is necessary to investigate which constraints

learners actually pay attention in a variety of situations. Furthermore, we would like to
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use other data mining techniques in extending study in Chapter 5, such as sequential data
mining to discover learners’ action sequences while posing the problems and use the

clustering method for grouping learners’ thinking processes.
Practical use of the computer-based scaffolding system.

According to study in Chapter 6, we plan to implement the developed new system
including the scaffold in practical uses in the actual classes. Next, we would like to

investigate what is the learning effect on implementing the scaffolding system.
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APPENDIX

A.1. Detail Assignments and Sentence Cards in Level 5

'How many are there after
increased' that can be solved
by 10 - 2'.

Assign . Sentence Cards
Requirement
ment Correct cards Dummy cards
1 Make a word problem about | There are 3 white rabbits There are 8 white rabbits
How many are there c|>veralll There are ? black rabbits There are 3 brown rabbits
that can be solved by '8 - 3'.
There are 8 white and black | There are 3 more white
rabbits altogether rabbits than black rabbits
2 Make a word problem about | There are 6 red balloons There are 10 red balloons
'How many are there overall 5
that can be solved by 12 - 8" There are ? yellow balloons | There are 6 blue balloons
There are 10 red and yellow | There are 6 more red
balloons altogether balloons than yellow
balloons
3 Make a word problem about | | make 8 white flower | make 12 white flower
'How many are there overall' | arrangements arrangements
that can be solved by '8 - 6 | make ? red flower | make 8 yellow flower
arrangements arrangements
| make 12 white and red | make 8 more white
flower arrangements flower arrangements than
altogether red flower arrangements
4 Make a word problem about | There are ? sparrows There are 8 sparrows
'How many are there after 5
increased' that can be solved 8 more sparrows come ? sparrows fly away
by 12 - 8'. There are 12 sparrows
5 Make a word problem about | There are ? kids There are 9 kids
'How many are there after . oY
increased' that can be solved 9 more kids come 7 kids go away
by "11-9. There are 11 kids
6 Make a word problem about | | have ? goldfish | have 2 goldfish

| receive 2 more goldfish

| give away ? goldfish

| have 10 goldfish
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7 Make a word problem about | | have ? bottles of juice | have 6 bottles of juice
'How many are left' that can . —
be solved by '6 + 4 | give away 6 bottles of juice I puy 4 more bottles of
juice
| have 4 bottles of juice
8 Make a word problem about | There are ? strawberry cakes | There are 8 strawberry
'How many are left' that can cakes
be solved by '8 + 6 8 strawberry cakes are sold 6 strawberry cakes are
purchased
There are 6 strawberry cakes
9 Make a word problem about | | have ? pencils | have 1 pencil
'How many are left' that can . . .
be solved by '8 + 1 | give away 1 pencil | buy 8 more pencils
| have 8 pencils
10 Make a word problem about | There are 12 guests coming | There were 12 guests
'How many are the difference’ | today coming yesterday
that can be solved by 12 - 5' There were ? guests coming | There are 5 guests
yesterday coming tomorrow
There were 5 less guests There are ? guests
coming yesterday than today | coming in total of today
and yesterday
11 Make a word problem about | There are 14 yellow flowers | There are 14 white flowers
How many are the dn‘ferenc? There are ? white flowers There are 6 red flowers
that can be solved by '14 - 6'.
There are 6 less white flowers | There are ? yellow and
than yellow flowers white flowers altogether
12 Make a word problem about | There are 9 language There are 9 arithmetic

'How many are the difference
that can be solved by '9 + 4'.

exercises

exercises

There are ? arithmetic
exercises

There are 4 science
exercises

There are 4 less arithmetic
exercises than language
exercises

There are ? arithmetic and
language exercises
altogether
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