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Preface

Solving problems/questions is one of the most indispensable and important
components in the teaching and learning process. Problems/questions with adequate
quality in various testing conditions are believed to enable teachers to assess
individual students’ capability and readiness of transfer in specific domain

knowledge.

Despite this, there are still many areas in need of systematic investigation to promote
knowledge and skills on problems/questions-centered learning approach, including
learning by problem solving and/or generation. For instance: what criteria constitute
as adequate test item quality (in addition to frequently cited psychometric index like
item difficulty, discrimination index); how to best assess learner’s capability with
appropriate quality level within constrains (e.g., an optimal number of items, time
limitation, etc.); any feasible metadata heuristics and/or techniques for
problems/questions selection; any promising alternative strategies for compiling a
sufficient amount of number of problems/questions; any scaffolding techniques for

question/problem-generation implementation and instructional diffusion and so on.

This is the 5th workshop focusing on the same topic. This continuous workshop will
provide a good and timely opportunity to present and share the results and issues

about "problems/questions" in ICCE community.

Executive PC members

Kazuaki Kojima, Waseda University, Japan

Organizers

Tsukasa Hirashima, Hiroshima University, Japan
Tomoko Kojiri, Kansai University, Japan

Tanja Mitrovic, University of Canterbury, New Zealand
Fu-Yun Yu, National Cheng-Kung University, Taiwan
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Predictive Effects of Online Peer-Assessment
on Student Question-Generation
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Abstract: The study examined the predictive effects of online peer-assessment on student
question-generation. Specifically, the individual and collective predictive effects of two
types of feedback (i.e., quantitative ratings and descriptive comments) available in
peer-assessment learning systems on student question-generation performance were
investigated. A total of 233 students participated in the study for six weeks. An online
learning system that allows students to contribute to and benefit from the process of
question-generation and peer-assessment was adopted. The regression result found that
quantitative ratings and descriptive comments individually and collectively significantly
predicted question-generation performance. Suggestions for learning system development
are provided.

Keywords: online learning system, peer-assessment, student question-generation

Introduction

Both theoretical and empirical foundations of student question-generation support its
beneficial effect on learning [1-6]. Recently, in view of the numerous advantageous features
of network technology, a number of online learning systems with student
question-generation as the focus have been developed. Most existing systems enable
students to generate questions of different types and to incorporate media formats as part of
the question. Also frequently included in these systems is an element of peer-assessment
[6-11].
The benefits of including peer-assessment within the student question-generation context
can be understood and appreciated in light of cognitive conflict theory, social
constructivism and social learning [12-14]. Nevertheless, there is a lack of empirical
evidence supporting the coupling effects of online peer-assessment with student
question-generation. An investigation into such issues as “if and how feedback students
receive during online peer-assessment affect student question-generation performance” will
warrant its inclusion in online student question-generation systems. Since feedback can be
expressed in quantitative and descriptive forms, its individual and collective predicative
effects on student question-generation are examined. Three research hypotheses are
proposed in the study:
1. The averaged quantitative ratings received from assessors on the composed questions
will significantly predict student question-generation performance.
2. The quality of descriptive comments received from assessors on the composed
questions will significantly predict student question-generation performance.
3. The averaged quantitative ratings and the quality of descriptive comments received from
assessors on the composed questions will collectively significantly predict student
question-generation performance.
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In consideration of the fact that a considerable proportion of students do not experience
question-generation during their formal schooling [15-16] and have viewed student
question-generation as difficult or very difficult [11], answers to the above questions will
help provide some directions for better online question-generation activity design and
implementation.

1. Method
1.1 Online Learning System

A learning environment that allows students to contribute and benefit from the process of
constructing question items and receiving feedback from their peers about the composed
questions was used. Essentially, the question-generation sub-system enables multimedia
files to be included as parts of the question and texts of different fonts, size and styles can be
used (see Figure 1).

Question Type:
Shart-Answer

Question:

Click this section
to activate
various
formatting
and editing
functions

Answer: d

Annotation: =

BACK DONE

Figure 1 A screenshot of short-answer question-generation

The peer-assessment sub-system, on the other hand, enables assessors to give their
evaluative feedback using an online assessment form. On the form, assessors can assess the
overall quality of the generated question on a five-point rating scale (from “well below
average” to “well above average”) and to rate their recommendation of the question to be
included in the drill-and-practice item bank (from “Will not recommend at all,” to “highly
recommend”). Also, assessors can give descriptive comments with regards to the question
being examined in a designated feedback space by referring to a set of built-in criteria (see
Figure 2).
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Peer Assessment Form |

The overall quality of the O Well above average O Slightly above average O Average O Slightly below average O Well
question: below average

Rating: How would you “Highly recommend® Recommend® Recommend with reservation® Do not recommend® Will
recommend this question: not recommend at all

Comments to the author: (BSEmpLY [Eaxiiey
Pros: Cons:

Concise question-stem and options Unclear question-stem

Important concepts Cwverly-complicated question-stem
Well-explained notes Excessively verbose options
Multiple correct answers

Elusive phrasing D

e

Submit

Figure 2. Assessment form for assessors to provide feedback to question-authors

1.2 Participants and Implementation Procedures

Two hundred and thirty-three 5™ graders from eight classes participated in the study for six
consecutive weeks. Participants were informed that the introduced online
question-generation and peer-assessment activity was intended to augment their science
learning.

Each week for the duration of the study, students headed to a computer laboratory to
participate in a 40-minute learning activity after attending three instructional sessions
allocated for science. To ensure that participants possessed the fundamental skills of the
introduced activity, a training session on generating chosen question types and the coupled
online peer-assessment with hands-on activity was arranged at the commencement of the
study. Considering that true/false and multiple-choice questions are among the most
frequently encountered question types in primary schools in Taiwan, these two types of
question-generation options were chosen. Each week students were directed to individually
generate at least one question for each of the two chosen question types in accordance with
the instructional content covered that week and assess at least two questions from a pool of
peer-generated questions for each chosen question type.

1.3 Variables

The quantitative ratings received from assessors consisted of two parts: the overall quality
of the question and recommendation for inclusion in follow-up drill-and-practice sessions.
The overall quality and recommendation received from assessors per question per week
were averaged throughout the activity.

The quality of descriptive comments received from assessors on the composed questions
and student performance in question-generation was defined against a set of criteria. For
peer-assessment, all comments question-authors received with regards to a specific question
item were analyzed against a pre-defined scheme and were averaged. The averaged scores
per question per week were then summed up. Specifically, the quality of descriptive
comments was evaluated in terms of four discrete levels: general comments, specific
comments where strengths and weakness are identified, identification for improvement and
explicit suggestion for further refinement of questions.

To assess students’ performances in question-generation, in reference to the Torrance
creativity index [17], King’s question cognitive levels [18] and questions generated by
students, the following criteria were adopted: fluency, flexibility, elaboration, originality,
cognitive level and importance. Each of the indexes was further operationally defined to
ensure objective assessment.
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2. Results
2.1 Descriptive statistics of examined variables

The means and standard deviations of the quality of feedback received on the composed
questions (including quantitative peer-ratings and descriptive comments) and students’
performance in question-generation are listed in Table 1.

Table 1 Descriptive statistics and correlations between variables (N=233)
Variable Quantitative ratings  Descriptive comments Question-generation
Mean (SD) 3.45 (0.68) 6.70 (3.60) 32.11 (13.56)
Note: * p <0.05, **p <0.01

2.2 The predictive effect of quantitative ratings on question-generation performance

The regression result presented in Table 2 supports that the quantitative ratings significantly
predict question-generation performance, (= 0.28, p <0.01).

Table2 Regression analysis for quantitative ratings predicting question-generation

performance
B SEB p
Model
Constant 12.72 4.46
Quantitative ratings 5.60 1.27 0.28**
R-square 0.08
F 19.59%%*

Note: a. Predictor:(Constant), Quantitative ratings

b. Dependent variable: Question-generation performance
¢.* p<0.05, **p <0.01

2.3 The predictive effect of the quality of descriptive comments on question-generation
performance

The regression result presented in Table 3 supports that the quality of descriptive comments
significantly predicts question-generation performance, (f=0.37,p <0.01).

Table 3 Regression analyses for quality of descriptive comments predicting question-generatic
performance

B SEB yij
Model
Constant 22.80 1.74
Quality of descriptive comments 1.39 0.23 0.37**

R square 0.14
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F 36.48%*

Note: a. Predictor:(Constant), Quality of descriptive comments

b. Dependent variable: Question-generation performance
c.* p<0.05, **p <0.01

2.4 The collective predictive effect of the quantitative ratings and the quality of descriptive
comments received on question-generation performance

To avoid multicollinearity, Pearson correlations was conducted and found that quantitative
ratings is not correlated with the quality of descriptive comments (= 0.1, p =0.13); therefore,
these two variables could collectively included in multiple regression analysis. The quality
of descriptive comments significantly predicted a significant proportion of variance on
students’ question-generation performance (R = 0.14, F=36.48, p < 0.01). Adding the
variable of quantitative ratings significantly enhanced the R-square (R* change = 0.06,
F=16.98, p < 0.01); therefore, the quality of descriptive comments and quantitative ratings
collectively significantly predict question-generation performance (Bqua= 0.35, p < 0.01;
Bquan= 0.25, p < 0.01, respectively).

Table 4 Multiple Regression analyses for Quality of feedback predicting
question-generation performance

Model 1 Model 2
Variable B SE B SE B
Constant 2280 175 6.4 432
Quality of descriptive comments 1.39 0.23 0.37%* 1.30 022 0.35%
Quantitative ratings 491 1.19 0.25%*
R-square 0.14 0.20
F for change in R-square 16.98%*

3. Discussion and conclusions

Numerous online student question-generation learning systems have been developed for
students to interact with the content by generating questions and to interact with their peers
online for the improvement of the questions by peer-assessment. This study explored
whether feedback received from peers contributed to question-generation performance.
The current study confirmed the coupling effects of online peer-assessment on student
question-generation performance. Specifically, this study substantiated that the quantitative
ratings and the quality of descriptive comments question-authors received from peers
individually and collectively contributed to their question-generation performance. In other
words, question-authors who received higher quantitative ratings tend to demonstrate better
performance in composing questions. Also, the better quality of descriptive feedback
received on their composed questions leads to higher performance in question-generation
tasks. Furthermore, question-authors who received higher quality of descriptive feedback
together with higher ratings on their questions tend to demonstrate better performance in
composing questions.

The obtained findings have important empirical significance as well as implications for
online system developments. First, despite that peer-assessment is coupled with
question-generation in most existing online learning systems, its supportive effects on
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student question-generation performance has rarely been substantiated empirically. This
present study, for the first time, evidenced the respective and collective effects of
quantitative ratings and descriptive comments and supported the inclusion of
peer-assessment in online student question-generation systems.

Based on the findings of this study, several suggestions are provided. First, instructors with
students inexperienced in student question-generation and who can benefit from extra
support for better question-generation performance are advised to include an element of
online peer-assessment for the promotion of performance in the introduced task. Second, as
this study found that the variable of descriptive feedback explained more variance of
question-generation performance, the importance of providing question-authors with
descriptive feedback could not be ignored. Finally, online student question-generation
system with peer-assessment should consider including both quantitative ratings together
with descriptive comments key-in space for maximal question-generation performance.
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Abstract: To realize better programming learning, we have adopted “pair-programming”
method to the introductory programming course of a university. Pair-programming is a
programming method that two persons get involved with a single programming task using a
single computer terminal, where only one person types the keyboard. Though there have
been several researches on pair-programming learning practice and been reported its
usefulness, only impressions were reported. Through the actual pair-programming practice,
we could observe both successful case and failed case in solving the problem that arose in
the course of completing the assigned task, and found that there seemed to be difference in
utterance patterns between the successful case and the failed case.

Keywords: Pair-programming, Programming learning, Problem-solving,
Computer-supported collaborative work (CSCW)

Introduction

The ability to understand the grammar of a programming language, to write a program, and
to assemble an algorithm, is required in programming education. When a learner actually
creates a program, some problems typically occur, even if the grammar and a (relatively
easy) example of the program language are understood [12]. In programming education,
numerous practices, including the support of problem-solving, have been developed to date.
Education and study methods have also received considerable attention [10].

The programming method called ‘pair-programming’ originated in industry as a key
component of the Extreme Programming (XP) development methodology [1]. As the name
suggests, two programmers work together at the same machine while developing code. One
programmer (the driver) operates the keyboard and focuses on entering code, while the
other programmer (the navigator) observes the work of the driver and offers suggestions in
the code. The programmers regularly exchange roles. Creating a program by
pair-programming is collaborative work, and offers further benefits in respect of sharing
and enhancing programming expertise and refining collaborative technique [16]. In the
Computer-supported cooperative work (CSCW) context, interruptions of software teams
have been investigated [4], and studies have explored interruption patterns among software
developers who program in pairs versus those who program solo.

In some programming education, pair-programming has been conducted as one of the
programming learning methods. Especially in introductory programming courses, for
example, it has been reported that pair-programming is better than solo-programming in
respect of improving the quality of programming [6,7,8,11,15]. However, there were
numerous instances in which the pair-programming had faced the problem which
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problem-solving did not go well. Of course, the effect of pair-programming varies with the
actual composition of the pairs, but failure on the part of one of the pair, in the introductory
stage, can easily spill over into later, more involved tasks. Moreover, if problem-solving
does not go well, a decrease in motivation to study will typically occur. In this case, we must
seek to support the pair, with a view to improving their pair-programming learning.

In this study, pair-programming was conducted in an introductory programming course.
Success and failure cases in pair-programming were compared. In the comparison, we
focused on the conversation between the pair in pair-programming. In the failure cases, it
was found that speech length tended to be long, and there might be a great deal of
continuous speech.

Our research objective in broader sense is to support programming learning. Pair
programming has been focused as one of the promising techniques of programming
learning. We do not intend to just using pair programming. We intend to expand pair
programming to computer-supported pair programming (CSPP). This means that a
computerized environment (not the computer used for programming basically) senses the
learning status of the pair, and once the environment senses something wrong with the pair it
intervenes in the learning. This could be a mixture of ICAI (Intelligent Computer-Aided
Instruction) and CSCL (Computer Supported Collaborative Learning) under the ubiquitous
computing technology. To realize such CSPP, we thought we need some symptoms to
indicate the status of pair programming. This led to the study in this paper.

1. Related Works
1.1 Pair-programming in an Introductory Programming Course

Previous research suggested that pair-programming was better than solo-programming in
numerous respects. For example, it was better in respect of the quality of program code
[6,7], the success rate in programming courses [7,8], results of mid-term or final
examinations [8], and/or submission rate of assignments [15]. Rountree et al. reported that
understanding and/or ability to create program code were improved after pair-programming
was conducted [11].

The aforementioned research reported the positive effects of pair-programming, but did not
analyze the process of pair-programming or the pairs whose problem-solving did not go
well. In this research, the conversations of some pairs in pair-programming were analyzed,
and specifically, pairs that failed in problem-solving were studied.

1.2 Communication Analysis in Pair-Programming

In previous research (which did not focus on introductory programming courses),
conversations of the pairs in pair-programming was analyzed. Chen et al. recorded the
utterance of pairs and described the context of pair-programming. They suggested that there
was a mental distance between the driver and the navigator, and communication supports
such as visualizing the rules of the pair were necessary [3]. Chong et al. also recorded the
utterance of pairs and described the context of pair-programming. They suggested that the
distribution of expertise among the members of a pair had a strong influence on the tenor of
pair-programming interaction, and keyboard control had an effect on decision-making
within the pair [5]. Bryant et al. investigated the distribution of utterance categories in
pair-programming, and suggested that there was no significant difference in the distribution
between the driver and navigator, and both driver and navigator work at similar levels of
abstraction [2].
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These studies analyzed the conversation of pairs, but did not compare success and failure
cases in pair-programming. In this study, interactions between the driver and navigator have
been observed, communications in pair-programming have been analyzed, success and
failure cases have been compared, and the characteristics of failure cases have been studied.

1.3 Roles of Conversation in Pair-Programming

Wray [16] described the roles and effects of conversation in pair-programming from his
own experience. He mentioned that the roles of conversation were sharing expertise among
pairs and getting on the track for problem solving. He predicted that programmers who chat
about their programs more should be more productive and that those who pose deep
questions for each other should be most productive of all.

His description suggests that problems occurring in pair-programming might be solved
through conversation among pairs, and that conversation may be a significant indicator in
comparisons between success and failure cases in pair-programming. In the present study,
differences in conversation between success and failure cases in pair-programming were
explored.

2. Pair-Programming Practice
2.1 Practice Setting

In this study, pair-programming was conducted in an introductory programming course,
“Programming I, which targeted freshmen in the university’s department of information.
The goals of the course were as follows:

e Learners understand the description and composition of software and the mechanism of
programming.

Learners can compile and execute a program written in C language.
Learners understand the basis of C language, such as variables, control of flow,
functions, arrays, character and string handling, and file I/O.

The course involved ten weekly 75-minute lectures, from September 2010.

Pair-programming was conducted in six 30-minute practice sessions as the part of the

lecture.

As preparation for pair-programming practice, the training session was conducted. The

training was conducted in the same setting as the following pair-programming practice,

because of the possibility that some learners had not experienced pair-programming.

In each pair-programming practice session, a program-creation assignment, involving

contents hitherto studied, was given to the participants. An example of the assignment is

shown in Table 1. The following six instructions were given to the learners:

e Only the driver can operate the keyboard and mouse. The navigator must not touch
them, but may point to the display. The navigator must observe and support the work of
the driver.

e The assignment ends when the program is executed and a correct answer to the
assignment is obtained. Please end the assignment as soon as possible.

e The driver and navigator may refer to the textbook [14]. You must not refer to any web
pages.

e The teacher and teaching assistants (TA) do not accept any questions concerning the
assignment while practicing. Please call on them only in the event of equipment trouble.
Please create the program easy to understand by adding pertinent comments.

You have 30 minutes to success the assignment. Please submit your code even if
failure, when the time limit is reached.



Mohd Ayub A. F. et al. (Eds.) (2011). Workshop Proceedings of the 19th International Conference on Computers in Education. ChiangMai, Thailand:

Asia-Pacific Society for Computers in Education.

A total of 62 learners participated in the practice session (52 freshmen and 10 upper-years).
Pair combinations were decided by one of the authors. The participants did not exchange
roles (of driver and navigator) in each practice session because the practice time was short.
Figure 1 shows a screenshot of the practice session. Figure 2 shows a scene from the
practice session. Three cameras were used for recording communication.

Table 1. An example of the exercises in the pair-programming class.

Assignment 1:
Create a program for permutation and combination according to the following
specification.

Specification
* Input: n, r (integer)
* Output: “nPr=?, nCr = ?”( ? is calculated value)
Example
When 8 is input to n and 3 is input to r, the calculated result is displayed as follows:
8P3 =336, 8C3 =56

Hint
As for permutation and combination, the general formulas are given as follows:
1 ! -! =2
nPr = w (n2r>0), nCr=L=nPr (nz2r>0), n'= nx(n=Dl - (n22)
(n—r)! ri(n—r)! r! 1 (n=0,1)

- ?or Display

o

Figure 2. Scene from the practice session.
2.2 Definition

In this study, “Success” , “Failure” and “Problem” are defined as follows:
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e Success: “Success” is the identifier of showing the problem was solved. It does not
relate to the learner’s “success” of learning.

e Failure: “Failure” is the identifier of showing the problem was not solved within the
given limited time. It does not relate to the learner’s “failure” of learning.

e Problem: “A problem” is a compilation error that occurs when learners compile their
program, or a runtime error that occurs runtime including whose result does not meet
the learners’ expectation.

Although we know those concepts of Vygotsky’s Zone of Proximal Development and

Lave and Wenger’s Legitimate Peripheral Participation, and “failure” is not just failure
there [9], we do not deal with that “failure” in this paper. There failure can be resource for
learning. Here the term “failure” is used as an identifier of unsuccessful result of solving the
error that occurred during programming. In other words, the term “failure” and “success” in
this paper do not imply any notion known in learning sciences. They are simple and clear
identifiers of the result of solving the errors.

2.3 Problems Occurring in the Practice Session

Table 2 shows the problems which occurred among the pairs whose communication was
recorded. These problems occurred in pairs of first-year students. Table 2 shows six success
cases and three failure cases. Some pairs attempted to solve two or more problems in a given
practice session. Problem-solving went well in the success cases. The problems listed in
Table 2 were causes of the error that the pair finally identified. In Failure Case A and B,
problems which the authors recognized by observing the video are listed, because the
respective pair did not recognize the cause of error. There were only three failure cases in
this practice session. This is because the assignments given to the participants were easy.
Most of the pairs completed the assignment within the time limit.

Table 2. Problems occurring in the practice session.

Case Pair Problems

Success A | Pair A Compilation error
Semicolon was not written at the end of a line.

Compilation error

The string “enum” was a reserved word.

Compilation error

The source file was not preserved in the superscription.
Compilation error, Segmentation error

Success D | Pair B | The “scan” sentence was written like ‘scanf(“%d”, a);’. — “&”
was missing.

Run-time error

Success E | Pair C | Beginning of a block did not correspond to the end.

There were some spelling mistakes.

Run-time error

The return value of a function was not correctly returned.
Run-time error

The case divided by 0 was included in the “for” sentence.
Run-time error

Failure B | Pair A | The value of a variable was not correctly substituted by the
global variable declaration.

Compilation error

Neither the main file nor the header file was correctly linked.

Success B | Pair B

Success C | Pair B

Success F | Pair C

Failure A | Pair D

Failure C | Pair E
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3. Difference between Success and Failure Cases

Success and Failure cases in problem-solving were analyzed and compared in term of pairs’
conversation. The utterances of the pairs and the context of pair-programming were
recorded with iCorpusStudio [13], which is a video-analysis support tool. With the tool, we
can simultaneously view the recorded data as multiple video, audio, and motion, while
annotating the interpretations of the interactions as labels.

3.1 Examples of Success and Failure Cases

We show two example sequences including utterances and some descriptions; one for
“Success” case and the other for “Failure” case.

Table 3 shows a conversation in Success case A. In this case, the following error message
“19: error: expect ;" before ‘return’” was output. The learners solved this problem in 100
seconds. Speech length marks the time from the point that the learner started his/her speech,
to the point that the learner ended the speech.

Table 4 shows a part of conversation in Failure case B. In this case, there was no output
though the program was executed and the driver input a value to a variable. The learners
tried to move the “while” sentence to another line. The learners spent 588 seconds solving
this problem, but the problem was not solved. The driver uttered 19 times in this case, while
the navigator uttered 61 times.

Table 3. A conversation in Success case A.

Speech
Utter. | Spe- length Utterance
no. aker
(sec.)

0.9 The 19th line.

0.9 Ah... This line.

1.5 Ah... “return 0”.

4.1 Line numbers are shown when a setting is changed.
0.9 Really?

1.8 I do not compile this program.

2.7 Did you save this program? Ah, you did.

1.9 I try to delete unnecessary lines.
1.1 (I think) the way is not good.
1.6 return O...

0.7 This point
1.4 Ah... after the “printf” sentence.

N — — p— p— p—
SRR R R T N T e e B I o e

0.7 Um...

1.5 functional...

1.2 The 19th line

1.3 No changes are appeared.

1.5 This program consists of 17 lines.

1.7 Ah..., 19, the last line...

3.1 Parentheses... Let’s make sure the position of parentheses
1.7 The number of braces is wrong? ...

OZ2Z2002Z22Z2202002Z002Z0U0

21 0.7 Ok. (the problem was solved)

* Speaker - D: Driver, N: Navigator
* Speech length - The length more than 2 seconds is highlighted.
* Utterance - Description in the parentheses is the supplement by the authors.

367



Mohd Ayub A. F. et al. (Eds.) (2011). Workshop Proceedings of the 19th International Conference on Computers in Education. ChiangMai, Thailand:

Asia-Pacific Society for Computers in Education.

Table 4. Part of a conversation in Failure case B.

Speech
Utter. | Spe- length Utterance
no. aker
(sec.)
14 N 1.2 The “while” sentence...
15 D 0.4 Umm.
16 N 1.6 Let’s move outside of the "main” function.
17 D 1.1 ”Main’?
18 N 1.1 Please move above the function.
19 D 0.7 Umm.
20 N 1.7 From this line to this line... Ok.
21 D 1.1 Umm.
22 N 2.6 Please cut the selected lines.
23 N 0.7 Next...
24 N 1.2 Let me see...
25 N 1.2 ”While” sentence...
(The driver operates.)
26 N 2.9 Not "while” sentence. Sorry, please undo.
27 N 2.1 Sorry, it became strange.
28 N 4.4 You may move this function outside.
(The driver operates.)
29 N 3.5 From this line to this line...
(The driver operates.)
30 N 5.6 Because this function was moved outside, the declaration
of the variable might be wrong.
31 N 4.0 ”jyun” (= a variable) is ok. ”ans” (= a variable) is ok. ’n”
(=a variable) is ...
32 N 1.3 “n” is...
33 N 1.9 Is it correct to declare this variable outside the function?
34 N 3.0 Global...?
35 N 0.7 Index...
36 N 4.5 Global... global variable.
37 N 1.6 Ok. It is possible to declare this variable outside the
function.

* Speaker - D: Driver, N: Navigator
* Speech length - The length more than 2 seconds is highlighted.
* Utterance - Description in the parentheses is the supplement by the authors.

3.2 Findings obtained from the Examples

As for the speaker, in the failure case, the driver and navigator spoke alternately from
utterance 14 to 22. From utterance 23, however, the navigator spoke continuously; that is,
the driver did not talk. The navigator spoke more continuously in the failure case than in the
success case. As for the speech length, there were 9 utterances that are more than two
seconds in length in the failure case. Especially, from utterance 26 to 31, the navigator spoke
continuously and all of his succeeding utterances were more than two seconds in length.

The investigation of these example dialogues suggests that there may be a relationship
between speech length and/or speech continuity and success/failure of problem-solving.
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Discussion of the relation may require further investigation; for example, through observing
more cases in the practice sessions.

4. Conclusion

We have adopted pair-programming method in software engineering to programming
learning. Naturally there occurred both successful case and failed case in solving the
problem when the problem arose in the course of completing the task. We observed a few
such cases and found that there seemed to be difference in utterance patterns between
successful case and failed case. We will analyze the learners’ conversation and behavior
more in detail to obtain clearer symptoms to indicate the status of pair programming. Then
we will develop a computer-supported pair programming system that uses the symptoms.
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Abstract: Problem posing is identified as an important activity in mathematics education
and a critical skill to be acquired. Several studies implemented support systems for learning
of problem posing which aid novice learners in successfully posing appropriate problems.
However, such learners may not necessarily success in posing appropriate problems without
the support. Toward further support for novice learners in acquiring problem posing as a
mathematical skill, we have to understand failures occurring in problem posing by novice
learners. This study experimentally investigated problem posing by novices and empirically
described their failures. In our investigation, participants were engaged in a learning task to
study an example by reproducing it and a novel generation task to pose their own problems,
with the results indicating that some participants composed problems whose texts and
solutions were inconsistent in the learning task.

Keywords: Mathematical learning, problem posing, learning from examples

Introduction

Problem posing is identified as an important activity in mathematics education, as well as
problem solving is [12, 13]. Although problem posing is rarely adopted in general education
due to certain constraints in practical classrooms, it is as critical a skill as problem solving.
One of the reasons why problem posing is unadopted may be that problem posing is
extremely difficult for novice learners. Because problem posing is a production task that
requires idea generation and synthesis of structures, it imposes heavy cognitive load on
learners.

Several studies have addressed support for problem posing by learners. For example, some
e-learning systems adopt problem posing as a learning task and aid it through the
peer-assessment of learner problems [1, 4, 14, 16]. Hirashima and his colleagues
implemented several systems that can evaluate problems posed by learners [3, 15]. Their
environments offer computer-supported learning exercises to generate problems solved by
specified solutions and to alter instance problems into new ones. These studies have also
reported that learning with the systems improved learner understanding of domain
knowledge or solution methods embedded in problems. Our previous studies proposed a
support system that facilitates diverse problem posing through learning from examples [5,
6], and experimentally confirmed that our system could improve problem posing by learners
to some extent.

Although problem posing is difficult, learners can successfully pose problems with support
by the systems mentioned above. However, they may not necessarily success in posing
appropriate problems without the support. Toward further support for novice learners in
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acquiring problem posing as a mathematical skill, we have to understand failures occurring
in problem posing by novice learners. Leung and Silver [10] studied problem posing by
prospective elementary school teachers and empirically obtained a certain number of
non-mathematical or unsolvable problems, even though, their focus was not on analysis of
such inappropriate problems.

This study experimentally investigated problem posing by novices and empirically
described their failures. In the investigation, we used a learning task of problem posing
proposed in the previous study [6].

1. Experimental Method

In our investigation, participants were engaged in two problem posing tasks. One of them
was a learning task to reproduce a problem given as an example, and the other was a task to
generate novel problems.

1.1 Tasks

In each of the experimental tasks, participants were required to generate one or more
problems in the domain of a problem initially given as a base. In the first learning task, they
were provided with a base and an example problem as a good response in the task, which
was generated by altering the base. They were then asked to reproduce the example. When
reproducing, the example itself was hidden and information indicating how to generate the
example from the base was shown. The generation process information of the example was
automatically generated by our support system implemented in the previous studies, which
included sufficient information to reproduce the example. This activity in the task had been
designed to provide novice learners with ideas feasible in composing novel problems
through imitation of varied examples. We empirically confirmed that learners could
successfully transfer what they learned from an example through imitation with the system
into novel problem posing by the learners. Figure 1 indicates the basic framework of the
learning task (For more detail on the support system, see [6, 9]).

System (Instructor)
Base _|> Example
1
R i following
L ) _l?zis_e_ i _i =.{> Example
1
| transfer
Learner Problem =V{> Novel
probelms

Figure 1. Basic framework of learning task

The learning task was followed by the novel generation task where the participants were
asked to pose problems as many, varied and unique as possible from another base problem.
In this task, participants’ problems were evaluated based on four categories shown in Figure
2. These categories indicate similarities in situations and solutions between their problems
and the base. Situations of problems denote surface features of contextual settings in
problem texts (e.g., purchase of goods or transfer by vehicle), and solutions mathematical
structures of the problems. Therefore, Category I/ I indicates problems almost the same as
the base, D / I indicates those generated by altering a situation of the base, I / D indicates
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those generated by altering a solution, and D / D indicates those generated by combining
both alterations. It is desirable for mathematical learners to pose diverse problems across
these categories controlling features of situations and solutions. However, previous studies
revealed that leaner problems tend to lack diversity [2, 11] and have simple or inappropriate
structures in their solutions [§].

Situations
Identical  Different

Base

Identical 1/1

Solutions
Different | D/I

Figure 2. Categories for evaluating the variety of problems
1.2 Procedures

Undergraduates were participated in the investigation conducted in a lecture class of
cognitive science. They were fist engaged in the learning task without the support system.
The participants were told that the aim of the task was to learn what is problems posing and
how it is done through an example before their own problem posing task. Prior to start of the
learning task, the following problem was presented as a base.

Base) I bought some 60-yen oranges and 120-yen apples for 1020 yen. The total number of oranges and
apples was 12. How many oranges and apples did I buy?
Solution.
Let x denote the number of oranges and y denote the number of apples.
xty=12
60x+120y=1020
According to the equations above, x=7, y=5.

The base was printed in sheets of paper provided the participants. The participants were also
presented the following problem as an example on a big screen of the classroom.

Example) Last year 1 bought some 40-yen pencils and 110-yen pens. The total number was 13. This
year I bought 2 times as many pencils as last year, the same number of pens as last year, and a 300-yen
pen case for 1430 yen. How many pencils and pens did I buy last year?
Solution.
Let x denote the number of pencils and y denote the number of pens.

x+ty=13

40*2x+110y=1430-300
According to the equations above, x=10, y=3.

The example has the setting of purchase of goods identical to the base, and a solution
formed by adding a third object other than x and y objects and an operation to calculate a
coefficient of x in the lower equation to the base. Thus, it belongs to Category I/ D in Figure
2.

When starting the task, the example was removed from the screen. The participants were
asked to reproduce the example based on generation process information printed in the
sheets. The generation process information contained the situation, numeric parameters
appearing in the text, a basic structure of the solution, mathematical operations added in the
solution, and keywords in the text of the example. It explicitly indicated that the situation of
the example was identical to the base and the solution was altered. The participants were
also instructed that they didn’t have to completely literally reproduce words in the text of the
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example as long as the contextual setting and equations in the solution were appropriately
reproduced.

The participants were then engaged in the novel generation task. In this task, the following
problem solved with a unitary equation was presented as a base.

Base) I want to buy some boxes of cookies. If I buy some 110-yen boxes of cookies, then I have 50 yen
left. If I buy some 120-yen boxes of chocolate cookies, then I need 20 yen more. How many boxes do |
want?
Solution.
Let x denote the number of boxes.

110x + 50 =120x - 20
According to the above equation, x = 7

They were told that their problems had to be necessarily solved with unitary equations and
any problems in other domains were unacceptable.

1.3 Data Analysis

Participants were classified into groups based on problems they reproduced in the learning
task. The groups were as follows.

Reproduced Appropriately (R-A): succeeded in composing a problem whose
contextual setting and solution were identical to the example

Reproduced Sufficiently (R-S): almost succeeded in composing a problem identical to
the example but partially changed its contextual setting (actually, 2 fimes in the
problem was not used as the number of pencils, but as the price of a pencil)

Reproduced but Modified (R-M): succeeded in composing the same solution structure
but partially changed its surface parameters (numerals and their objects)

Altered solutions (A): composed a problem whose solution was different from the
example

Lacked parameters (L): didn’t succeed due to absence of numeric parameters, such as
300 (the price of a pencil box) or 13 (the total number).

Inconsistently composed (I): didn’t succeed due to inconsistency between a text and a
solution of a problem composed, although the solution was identical to the example

Problems newly composed by the participants in the novel generation task were categorized
into the four categories in Figure 2. We also analyzed problems posed by altering solutions,
from the aspect of structural complexity. However, this paper doesn’t present more detail on
the results in the novel generation task due to limitations of space. They will be reported
precisely in another paper.

2. Results

One hundred and thirty-two undergraduates participated in the investigation. In the results
below, eight undergraduates who didn’t complete the learning task were excluded.

2.1 Problems Reproduced in Learning Task
Figure 3 indicates the proportions of participants in each group in the learning task.

Although half of the problems were appropriately or sufficiently composed, the others were
different from the example in some ways.
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Figure 3. Proportions of reproduced problems in each group

2.2 Problems Posed in Novel Generation Task

In the following results, problems in domains different from the base and unsolvable
problems were excluded. Figure 4 indicates the proportions of posed problems in each
category in the novel generation task. “C” in the figure, denoting a control group, is the
result of undergraduates who were engaged in the same novel generation task in the
previous study [8] without learning of any example. This revealed that few problems in I/ D
were posed without supportive intervention. Although no significant differences between
most of the groups and the control group were found due to the small numbers of
participants, there was a significant difference between the R-A and control groups
()(2(3)215.29, p<.01). Residual analysis revealed that the number of I / I problems was high
in the control group and low in the R-A group (p<.05), and that of I / D was high in the R-A

group and low in the control group (p<.01). Thus, appropriate reproduction of the example
increased posed problems in 1/ D.
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Figure 4. Proportions of posed problems in each category

Figure 5 indicates the proportions of problems posed by altering solutions whose operations
in the solutions increased or decreased from the base. In the control group, half of the
solution-altered problems were simpler than the base. The I group also posed many simple
problems, whereas the R-A group posed many complex problems. There was also a
significant differences between the R-A and control groups (¥*(2)=11.36, p<.01), and no
difference between each of the other groups and the control group. Residual analysis
revealed that the number of increase was high in the R-A group and low in the control group
(p<.05), and that of decrease was high in the control group and low in the R-A group

(p<.01). Thus, the appropriate reproduction also increased posed problems more complex
than the base.
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Figure 5. Proportions of solution-altered problems whose operations increased or decreased

3. Discussion
3.1 Failures in Reproduction

Despite sufficient information to reproduce the example was provided in the learning task,
not more than half of the participants exactly reproduced it. The R-S and R-M groups didn’t
exactly do, though, their problems had solution structures identical to the example. Thus, it
can be regarded that the two groups almost succeeded in the reproduction.

The A group didn’t reproduce the example but composed problems different from the
example. Therefore, the participants in the groups must have merely misunderstood the
instruction in the learning task.

The participants in the I groups failed in reproducing the example. Although they described
the same solution as the example, their problem texts were inconsistent with the solution. In
the texts, some mathematical relationships were incorrectly described or inappropriate
relationships were included' so that the solution was never formulated from the texts.
Therefore, the participants didn’t understand the inconsistency. Of course, none of the
participants must fail in solving the example, which is a quite simple problem for
undergraduates. We preliminary confirmed that undergraduates can successfully solve it
[7].

The L group also failed in the reproduction. However, all of their problems could be
completed by adding a description such as “the total number of the pencils and pens was
13”. Thus, the participants must have carelessly forgotten to include some numerals into
their problem texts.

As described in Section 1.1, the reproducing task adopted in this investigation is used in our
support system [6]. No participants failed in the same reproduction task in an experimental
evaluation of the system [9], although a few participants composed problems different from
the example like the A group did. According to the facts, novice learners who successfully
poses problem with supporting intervention can fail in appropriate problem posing without
the intervention. Another important insight is that novice learners occasionally pose
problems whose texts and solutions are inconsistent. To improve problem posing of novice
learners, hence, further support is needed to endow the learners with a skill to appropriately
compose problems.

! Some examples of problems in the learning task are presented in Appendix.
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3.2 Novel Problem Posing after Learning

As described in Section 2.2, learning through appropriate reproduction of the example
increased posed problems in I/ D. It also increased problems whose solutions were more
complex than the base, because the example allowed the participants to learn how to add
operations. These results in the current study are consistent with experimental evaluation of
the support system in the previous study [9]. On the other hand, sufficient learning effect
wasn’t gained through inappropriate reproduction.

According to the results in Figures 4 and 5, half of problems posed by the I group were in |
/ D or D /D, which fact indicates that many of the problems had solutions different from the
base. The I group varied solutions in their problem posing to some extent. However, such
problems in the I group were mostly simpler than the base which was quite simple and
elementary. Therefore, the participants in this group didn’t thoroughly learn the example,
although they were examined it.

4. Conclusions

This study experimentally investigated problem posing by novices and empirically
described their failures. In our investigation, participants were engaged in a learning task to
reproduce an example and a novel generation task to pose their own problems, with the
results indicating that some participants composed problems whose texts and solutions were
inconsistent, in other words, they failed in reproduction. Our next task is, of course, to study
and design a supporting method to prevent such failure in the learning activity.
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Appendix: Examples of problems in Learning Task

A group
I bought some 100-yen apples and 30-yen bananas. The total number was 13. I gave a 1000-yen bill and
received 190 yen as the change. How many apples and bananas did I buy?
Solution.
Let x denote the number of apples and y denote the number of bananas.
xty=13
100x+30y=1000-190
According to the equations above, x=6, y=7.

I group
Last year I bought some 40-yen pencils and 110-yen pens. The total number was 13. This year I also bought 13
pencils and pens. The number of pencils this year was 2 times as many as last year. In addition to pencils and
pens, I bought a 300-yen pencil box. The payment was 1430 yen. How many pencils and pens did she buy?
Solution.
Let x denote the number of pencils and y denote the number of pens.

x+ty=13

40*2x+110y=1430-300
According to the equations above, x=10, y=3.
(The total number this year is wrong)

A girl bought pencils and pens. The total number was 13. The number of pencils was 2 times as many as pens.
A pencil was 40 yen and a pen was 110 yen. She found a 300-yen lovely pencil box near the cash desk, and
took it with pencils and pens. The payment was 1430 yen. How many pencils and pens did she buy?
Solution.
Let x denote the number of pencils and y denote the number of pens.

xty=13

40*2x+110y=1430-300
According to the equations above, x=10, y=3.
(Parameters associated with the relationship “2 times” are wrong)
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Abstract: Research showed that only very small proportion of questions in class was posed
by students. Students tended to ignore the questions encountered in class. They were
unlikely to actively tackle their confusion or questions. Therefore, the goal of this study is to
develop a mobile phone based questioning management system. By integrating mobile
phones, course materials with online discussion forum, the system can assist students to ask,
trace, monitor and solve comprehension questions encountered in class or after class. From
functional perspective, in class or after class when studying, students can: (a) capture
contents of paper slides or online courseware, assemble the contents with questions as a
whole, and post the assembled questions on a discussion forum via mobile phones; (b)
monitor and track the status of post questions via mobile phones as well as organize their
personal notes based on the questions during the processes. From the result of formative
evaluation for the question management system, students thought the mark mechanism
helped questioner enhance the clarity of the questions and thought the progress icons helped
them monitor question resolving state and comprehension regarding instructional materials.

Keywords: Comprehension monitoring, questions management system, mobile learning

Introduction

Effective learners are sensitive to their knowledge deficits. They adopt self-regulatory
strategies to improve their knowledge deficits [8]. Research also showed that effective
learners can monitor and correct their failures in comprehension [16]. Students inevitably
will confront with difficulties regarding course contents or teaching materials. In many
cognitive models, questions and confusion are the foundation of the text understanding and
social behavior [9], as well as the basis of problem solving [10]. However, according to
research, a very small proportion of questions were asked by the students in the classroom
settings [8]. Students seldom ask questions or take meaningful strategies during or after the
classes. Many factors and costs affect a student’s motivation to ask [13], which Graesser [§]
pointed out that physical and social factors affect the way in which students deals with their
confusion. Physical factors include the gap between the questioner and the answerer. Social
factors include the colleague’s negative feelings towards the questioner. Only when
students break the social and physical barriers, the students will have the motivation to ask
questions and try to solve the questions.

Many studies has been attempted to enhance student’s quality of questions and the
motivation to ask questions through computer supported systems. Among these systems, a
discussion forum is the most common and popular components [11]. Some Web-based or
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mobile discussion forum systems provided students with a place to review and express their
confusion regarding instructional materials [e.g., 12, 14]. Student discussed together on a
forum and resolved their questions collaboratively. However, the design goal of these Web-
or phone-based forums seems mainly for discussion but not for the support of question
solving. Mechanisms that help learners monitor and evaluate the status of questions were
not explicitly supported. Several studies also employed mobile devices to facilitate
information organization [e.g., 6], collaboration [e.g., 17], or communication with messages
[e.g., 5]. However, few of these tools emphasized the integration of mobile devices with
paper-based materials and supported the process of question resolving.

Q&A (Question and Answering) system [e.g., 1] provides a place for students to find
answers based on questions. Some of the systems are featured in learning communities and
others provide FAQ lists. These systems provide well-designed knowledge structures to
help learners find out the answers of questions. These structures also require learners to
have certain skills or background knowledge so that they can find target answers effectively.
On the other hand, class communication tools [e.g., 3] provides an interactive channel
between teachers and students in class. These tools assist teachers to instantly assess
students’ learning status and adjust the teaching strategies accordingly. However, this kind
of tools generally requires dedicated equipments or settings.

Although resolving question has become a major role in student knowledge acquisition
process, most computer supported systems seldom emphasize the process of the questioning
resolving. Practical classroom environment seldom guarantee personal computers for every
students. This will leads to a problematic situation that student’s confusion and context of
their questions are difficult to be captured. With advance of mobile and computer
technologies, mobile phones become popular and create possibilities of ubiquitous learning.
Due to the requirements of questioning in classroom environments, the goal of this study is
to develop a mobile phone based questioning management system. By integrating mobile
phones, course paper-based materials with online course-based discussion forum, the
system can assist students to ask, trace, monitor and solve comprehension questions
encountered in class or after class. From functional perspective, in class or after class when
studying, students can: (a) capture contents of paper slides or online courseware, assemble
the contents with questions as a whole, and post the assembled questions on a discussion
forum via mobile phones; (b) monitor and track the status of post questions via mobile
phones as well as organize their personal notes based on the questions during the processes.

1. Stages for questioning management

When students confront with difficulties and attempt to solve them, search for answers,
self-regulation and decision making are involved. To ask a question, Graesser [8] suggested
three components of question asking: anomaly detection, question articulation, and social
editing. In this paper, we based on Graesser’s model and extend it with self-regulatory
components for question asking and management. As shown in Figure 1, regarding a
question, suggested stages are confusion discovery, question formulation, question
announcement, response evaluation, and Q&A organization. For the confusion discovery
stage, according to Piaget’s cognitive-developmental theory, the mismatch between
external information and a learner’s internal knowledge structures causes cognitive
disequilibrium [15]. This mismatch initiated by new information generates confusion. This
stage corresponds to anomaly detection component of Graesser’s questioning model.

If the confusion discovered cannot be transformed into a form of questions, it will be
difficult to assess and manage. Therefore, question formulation not only encourages
students to retrieve their prior knowledge but also enables devices for students to evaluate or
construct knowledge base on the questions. This stage corresponds to question articulation
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component of Graesser’s model and requires support to help students formulate questions
with clarity. For the question announcement stage, students uncover their questions to a
learning community. According to Vygotsky’s zone of proximal development, student’s
cognitive development requires help from more capable peers or teachers [15]. The display
of questions may enhance the interaction, discussion, or collaboration among classmates or
teachers. This stage corresponds to social editing component of Graesser’s, which suggests
that a questioner evaluates the benefit and cost of questioning in order to decide whether to
raise questions for help in the public. This stage requires the support to lower the cost and
increase the benefit of questioning.

Confusion Question Question Response Q&A
discovery formulation announcement ev. aluatlon orga_mzau orn
= <

— Question status
monitoring

Figure 1. Process of question monitoring

Feedback for questions from peers and teachers is crucial for questioners to evaluate
whether they have resolved the questions. During the evaluation, the questioners themselves
have to critically assess the contribution of replies, which benefits the construction of
knowledge [2]. The response evaluation stage also requires questioners synthesize from
difference sources and filter out irrelevant information. Finally, the Q&A organization stage
provides students with support that enables connections between questions and
corresponding answers. Based on the results of question evaluation stage, students draw
conclusions from relevant feedback. Research found that making notes and summary help
students establish their own knowledge architecture [4], and create effective knowledge
structures. The proposed questioning stages make question-resolving explicit and
systematic. Students can follow the suggested steps and expect the arriving tasks for the
planning and management of their learning resources. As showed in Figure 1, five-stage
question resolving framework is used to develop the phone-based question management
system.

2. System design

Figure 2 shows the system architecture of the question management system. The system
incorporates mobile phones, paper-based slides, and online discussion forum to facilitate
students to trace, monitor and to solve their comprehension questions. The paper-based
slides are embedded with unique barcodes so that students can use a camera-based phone to
scan the codes and formulate their questions regarding specific confusing areas of slides.
The questions together with confuse-marked slides can be post on an online discussion
forum. Trough discussion by other students, feedback and answers are gathered and stored
in a learning portfolio database. Students can monitor the current status and know the latest
feedback and questions updates. Students can evaluate the feedback of questions which are
most relevant and mark the feedback as useful messages. Finally, students organize
questions and answers for future reference.
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Figure 2. System architecture

2.1 Support for question asking

On a tradition discussion forum, a questioner often has to descript the question clearly. But
most of the person who asked is only a beginner and the knowledge is limited. Some student
thinks that asking directly with a book is much faster and easier because they can point out
the question and describe using symbol and draft. We take this scenario into a classroom, we
need to ensure that when students face difficulties they can capture the difficulties
immediately and transform them into questions which can be discuss with others. For this
point some students may only need examples to understand or they totally don’t understand
with the content of lecture slides. As shown in Figure 3(a), a lecture slide evenly divided
into 9 regions, each region is selectable by touching the regions. The marked regions are
highlighted with green color. Students can mark the areas where the students feel confused.
They can either find related question on this slides or create a new question based on the
marked areas.

With these marks students can intuitively know where they are confused and it is helpful for
other students who would like to answer the questions. When the student click the “Ask a
question” button, another form for question formulation appears (Figure 3b). A question
bank is prepared for students to choose suitable questions. This saves time for students as
mobile phones may slow down text input process. After choose the most suitable question
the student can add-on additional description for questions at the box provided. At the left
side of the screen the marked slide is sown for reference. The students have the choice to
keep the question to their self or post out to public area for discussion. After posting
questions, students can see their questions are shown on a discussion forum from a question
register list (Figure 3c). The system automatically sets the title as a combination of question
description, the details of the questioner and the marked slides. Students can freely switch
the display of questions between traced and non-traced questions.
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regions; and (c) a list of questions with status icons

Question
aborted "

Question
generated
Question
published
Question
responded
Question
evaluated

Question
discovery &
formulation

Question
announcement

Question
evaluation

Question
closed Question
encoded

Q&A
organization

Question resolving

System state
process

(2) (b)
Figure 4. System state and question resolving process

2.2 Support for question resolving and monitoring

Students can monitor the progress of their question as shown in Figure 3(c). Question status
represented in the system are categorized into 5 states (Figure 4a). Except the question
responded state, each stage in question resolving process is initiated by questioners and
corresponds to one state represented in the system. For example, the question generated
state stands for the time when students mark down where they are confused and formulate
corresponding questions. Therefore, from student’s discovery of confusion to organization
of Q&A notes, the system has corresponding state in every stage (Figure 4b).

Figure 5(a) shows a student respond to a question. Students name and time of responses will
be recorded when a student makes a post. Students can choose to reply the post or evaluate
the post when enough post is available. Student who asked the question can delete the
question if he/she found out that the questions is not suitable. Students who trace a question
can stop tracing the question if no longer of interested. Figure 5(b) shows a post being
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selected as useful. When the questioner decides to evaluate the answer, he/she will choose
appropriate answers from different students and mark it as useful. These answers then will
be transfer to Figure 5(c) which shows the editing of the selected post and being transformed
to a note.
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Figure 5. (a) Respond to questions; (b) evaluate replies from different sources; and (c)
organize questions and useful replies

3. Evaluation

A formative evaluation was conducted to examine the system’s usability and it’s
implication on question resolving. Flagg [7] stated that formative evaluation is one of the
most critical steps in the development of learning materials. The goal of the formative
evaluation is to help system designers during its early development stages improve system’s
quality.

3.1 Participants and procedure

We adopt user-based evaluation that involves users completing tasks in an appropriate
environment. In this study, five graduate students aged around 23 (4 male and 1 female)
majoring in information communication in a university participated in the formative
evaluation. Each participant was given a camera-enabled mobile phone. These mobile
phones can read barcodes and connect with the Internet through wireless networking
functions. Paper-based slides included 50 A4 printed pages and each page is embedded with
two dimensional barcodes. Participants were asked to study the paper-based slides during
one week evaluation. They are also asked to use the question management system for
comprehension question resolving.

Participants were asked to write down operational difficulties and opinions in diary. At the
end of the evaluation, participants are asked to perform specific tasks and interviewed.
Therefore, observation, interview, and computer logs were collected for analysis.
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3.2 Question formulation

There are 43 questions posted by participants using the question management system during
the evaluation (9 in stage 2, 13 in stage 3, 18 in stage 5, and 2 questions been deleted).
Overall there are 70 replies message during the one-week evaluation and a total of 33 notes
has been generated (15 duplicated notes which copied by other students).

From question formulation aspect, three out of 5 students used to generate questions without
posting it on discussion forum first. They thought that the clarity of the questions was
important before announcement of questions. They would make sure that other people could
understand what they were asking about. For example, one of the student states “I usually
generate a question whenever I think the confusion exist without posting it out first. After
finishing the chapter, I will then refine the question...” The register of questions helps them
find answers from rest of the chapter and then refine the questions.

We also found that all participants thought the mechanism of marking confused regions
would benefit them. The mechanism helps them shorten the questions when asking. Since
there is a marked slides aided, the question would be expressed in a more clear and specific
way. Moreover, with the help of marked slides, students can better understand other
students’ questions and provide feedback. This mechanism is especially beneficial when
asking questions regarding figured-based slides.

3.3 Question resolving and monitoring

Representing questioning stages by icons provides students with guidance in question
resolving and helps them develop a processing priority. Students finished question resolving
stage by stage. These progress icons assisted students to predict incoming stages and the
course toward their goals. For example one student said “I would go from post stage to
evaluation stage and then create my notes...” The progress icons also helped students
develop personal processing priority and adopt different strategies accordingly. For instance,
one student said “I would first read questions which have reached the final stage because the
questions usually have specific conclusions. Then I will read questions that most students
have responded to them...”

Students also used the progress icons to assess the degree of comprehension to the lecture
slides. The overall state of the questions may also influence students’ confidence to the
mastery of lecture slides. Most students reported that the more questions in organized stages,
the more confidence to a test they can have. On the other hand, if most of a student’s
questions still stay in question published stage and no followers trace the student’s questions.
The student will come to a conclusion that he/she may post questions with low quality or
importance.

All participants’ thought the questions organized as notes was beneficial to questioner and
the students tracing them. Four out of 5 participants reported that they would copy their
notes in the system and annotate the notes on their textbooks or slides. They all confirmed
that these notes are useful when preparing for a test.

4. Conclusion

The goal of this study is to develop a mobile phone based questioning management system
that assist students to ask, trace, monitor and solve comprehension questions encountered in
class or after class. Students use mobile phones to capture contents of paper slides, assemble
the contents with questions as a whole, and post the assembled questions on a discussion
forum. The system tracks questions stages and provides students with progress icons to help
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monitor and trace the status of post questions as well as organize their personal notes based
on the questions during the processes.

From the result of formative evaluation, students thought the mark mechanism could help
questioner enhance the clarity of the questions. This is especially useful for novice students
with limited background knowledge. Students also thought the progress icons could guide
them to the final stage of question resolving and help them assess the comprehension
regarding instructional materials. Some students provided useful suggestion for the system.
First, a summative status report was suggested. Students could know the distribution of
question stages and tackle with different strategies accordingly. Second, a function of
anonymous reply seemed useful for students to provide advice or feedback. This is
especially beneficial for students who would like to contribute their opinions but fear to
make mistakes.
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Abstract: We had constructed the automatic generation system of English multiple-choice
cloze questions. By using the system, plenty number of questions can be generated
automatically, but learners become difficult to find appropriate questions. Therefore,
objective of this research is to develop the method for providing questions that fit for
learners. In the self-learning, questions that increase motivation for learners are effective.
This research determines features that affect to difficulties of questions (difficulty-based
features) and proposes the method for selecting questions according to the difficulty-based
features for the stepwise learning. In order to manage the relations among questions, a
question network is introduced in which questions are structured based on differences of
each difficulty-based feature. Questions are selected by following appropriate links
according the learners' answers..

Introduction

Multiple-choice cloze questions are often used in English learning. Such type of question is
effective for checking the knowledge of grammar and lexicon. In addition, by tackling these
questions repeatedly, the knowledge of English grammar and lexicon is able to be acquired.
Only limited number of knowledge is included in one question, so many questions are
needed to be solved for the purpose of acquiring whole grammar and lexicon knowledge.
We have constructed the automatic generation system of English multiple-choice cloze
questions; MAGIC [1]. By using the system, multiple questions can be generated
automatically. However, to fit questions to learners' understanding situation is not focused.
If difficult questions are posed to learners repeatedly, they do not feel like studying with the
system for a long time.

Since questions contain plenty knowledge of grammar and lexicon, it is sometimes difficult
to determine acquired/ in-acquired knowledge. In addition, learners' motivation is affected
by their feelings whether they think "difficult" or "easy" for the questions. Such feelings
may arise from the superficial features of questions. If the features of questions indicate that
the question is too difficult, learners do not feel like tackling the questions. If the question is
too easy, learners think questions are meaningless for them.

Traditional Intelligent Tutoring System or computer-adaptive testing tends to provide
learning con-tents/test items that are appropriate for learners' understanding knowledge
[2-4]. These systems analyze learners' acquired/in-acquired knowledge from their learning
activities, such as answers of exercises. However, questions that are selected based on such
knowledge-based approach do not always keep learners' motivation. Therefore, the
objective of this research is to develop the method that provides questions based on the
features that affect to learners' motivation (difficulty-based features). Difficulty-based
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features consist of more than one feature, and learners' feelings for these features may be
different for each learner. So, the basis for selecting questions should be dynamically
changed according to the learners.

Currently, target questions are questions that are generated automatically by MAGIC. So,
the difficulty-based features need to be acquired systematically from the generated
questions. Target learners are non-native speakers who do not understand basic grammatical
knowledge.

1. Difficulty-based Features of English Multiple-choice Cloze Question

Figure 1 is an example of English multiple-choice cloze questions. A question consists of
sentence, blank part, and choices. Choices include one correct choice and three distracters.
Learners select one from choices for filling in the blank part.

There are various definitions or findings about difficulty features of English questions.
Kunichika et al. defined difficulty features of English passage reading questions for
non-native speakers as difficulties of understanding of original texts, understanding of
question sentences, and understanding of answer sentences [5]. In English multiple-choice
cloze questions, both original text and questions sentence correspond to question sentence,
and answer sentences correspond to distracters. Therefore, following difficulty-based
features are defined.

1) Difficulty of sentence --- Readability is one of the features that prevent learners of
understanding the meaning easily. Researches about readability of English sentences
insisted that lengths of sentences or difficulties of words affect to the readability [6]. Based
on this result, lengths of sentence and difficulties of words are defined as one of the
difficulty-based features of a sentence.

2) Difficulty of distracters --- There are various relations between distracters and a correct
choice. In some questions, all distracter types are the same. The number of the distracter
types affects to the difficulty of questions. If all distracter types are the same, it is easier to
find the correct choice. On the other hand, questions become more difficult if similar types
of distracters exist in it. Therefore, the number of distracter types in choices is defined as a
difficulty-based feature. As the distracter types, 12 types defined in MAGIC are applied.

2. Question Selection Method Based on Question Network

Learners are motivated to learn repeatedly if difficulties of questions become gradually
increasing. If questions seem easy, learners feel that they cannot acquire new knowledge
from it. Appropriate questions for learners should contain a little difficult difficulty-based
feature than those in solved questions.
In order to represent the stepwise relations among questions, a question network is
introduced that organizes all questions based on difficulty levels for each difficulty-based
feature. In the question network, questions in the same levels for all difficulty-based
features form one node, and nodes whose levels are next to each other are connected by
links. By following this question network, learners are able to tackle questions from easier
one to more difficult one according to their understanding levels. Figure 2 illustrates the
conceptual framework of the question network. Nodes without incoming links correspond
to the easiest questions. Nodes without outgoing links have the most difficult questions.
The levels of each difficulty-based feature are defined as follows.
® [ength of sentence---The number of words is regarded as one of the viewpoints of
defining the length of sentence. Based on the analysis of 1500 questions in the database
of our laboratory, it is revealed that sentences consist of 4 to 32 words. Thus, we
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Figure 1: Example of English Figure 2: Conceptual framework of question network
multiple-choice cloze question

categorize the length of sentence into four levels according the number of words. Table 1

shows the levels of the length of sentence.

® Difficulty of words---In this research, the difficulty of words followed SVL12000[7],
which is the list of word difficulties defined by ALC. In SVL12000, 12000 words that
are useful for Japanese are classified into five levels of difficulty. The level of a
question is defined as the highest level in all words including the sentence and choices.

® The number of distracter type---Distracter types correspond to generation rules to
generate distracters in MAGIC. Since choices of the same distracter types may be more
difficult than that of the different one, the difficulty based on the number of distracter
type is set as Table 2

Table 1: Levels of length of sentence Table 2: Levels based on the number of

Toval T1 3 3 7 distracter type
#  of | less 12 to | 19 to | more Level 1 2 3
words || than 11 | 18 25 than 26 # of distracter types | 3 2 1

Using the question network, learners’ next questions are selected based on the answers of
former questions. Figure 3 shows the process of selecting questions from question network.
Currently, we assume that the set of questions is given at one learning.

STEP1: Based on the answers for questions in the last learning, learners’ levels for each
difficulty-based feature are determined. Levels for each difficulty-based feature i for time ¢
are calculated as Equation 1. The average differences of solved questions from current level
are added to the current level. In the first learning, Level (i, t-1) is zero.
Level (i,t) =

Level (i,t — 1) + Av.distance of solved questions from current node

. (1)

STEP2: The number of solvable nodes becomes large if the learner solved questions in

farther node, while it becomes small if the learner only could solve the questions in the

nearer nodes. The range of solvable nodes at time ¢ is calculated by Equation 2.
(Ave. distance to solved questions -

Range(t) = Range(t — 1) +Ave.distance to incorrectly answered questions)

)]

STEP3: Questions are selected from several solvable nodes. More questions should be
selected from nodes that are nearer to the learner’s current node. The probabilities for
selecting questions for each node i is calculated by Equation 3. The ratio of questions from
node i in all questions is determined by following the normal distribution based on the

distance from the current node.
1 ( Distence of nods

Probability(i) = —exp

i from current nods)® J
)

& NE)

-
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3. Evaluation

Experiments were conducted using the prototype system. The prototype system is
implemented as a web-based system. When the learning starts, the selected questions are
shown in the web page as shown in Figure 4. Currently, 10 questions are selected in one
learning phase. Learners answer the questions by selecting the radio buttons of the correct
choice. After learners select all answers and push the send button, their answers are
evaluated, and the result and explanation are displayed.
12 members in our laboratory became examinees of the experiment. First, examinees were
asked to solve a pretest which consists of 20 questions and examinees’ initial levels were
calculated based on the result of the pretest. The questions were carefully prepared by
authors to include all levels of difficulty-based features as the equal ratio. In the learning
phase, they were asked to answer 10 questions for 10 times. All 10 questions are different.
As the counter methods, we have prepared following two methods:
® Random link selection method (RLSM) which selects links randomly in selecting
nodes in the question network,
® Random question posing method (RQPM) which selects questions randomly from
the database.
In RLSM, the movement of the node occurs when the learner can solve 70 percent of the
questions in the node. 4 examinees were assigned for each method. Averave understanding
levels of examinees who assigned for each method were almost the same.

The correct questions in each learning were evaluated. Table 3 is the average number of
correct questions and its variance for each learning. The average numbers are almost the
same for all three methods. However, the variance of our method is the smallest of the three.
This indicates that the number of correctly answered questions is almost the same for every
learning. This result shows that our method could provide questions whose levels are similar
to the learners, even if the understanding levels of learners change during the 10 learning.

Table 3: Result of learning phase

Average # of | Variance of # of
correct questions | correct questions

Proposed method 5.725 1.585
RLSM 5.850 2.057
RQPM 5.825 2.665

The questionnaire result for acquiring the consciousness of examinees for the proposed
questions is shown in Table 4. In each questionnaire item, 5 is the best and 1 is the worst.
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Items 1 and 2 got high values. Based on the result of item 1, examinees felt questions
become difficult as the learning proceeded. Based on the item 2, they also felt that words
were getting more difficult. Table 5 shows the number of links that examinees who use the
prototype system with proposed method followed during the learning. All examinees follow
links of difficulty of words more than 2 times. The worst result of item 4 may be caused by
the small number of following links based on the number of distracter type. Based on the
result, if links are followed, learner can feel the difficulties of questions. Therefore,
questions are arranged appropriately by its difficulties in the question network.

Table 4: Questionnaire result Table 5: # of links that examinees
Contents Average followed
value Difficulty | Length of The number

1 | Did the questions become 4.00 of words | sentence of distracter

difficult? type
2 | Did the words in questions 4.00 Examinee 1 3 1 1

become difficult? Examinee 2 2 2 0
3 | Did the question sentences 3.50 Examinee 3 2 3 1

become difficult? Examinee 4 3 1 0
4 | Did the distracters become 2.75

difficult?

4. Conclusion

In this paper, the method for posing questions based on the subjective difficulty-based
features was proposed. Based on the experimental result, defined features are intuitive and
match to learners’ consciousness. In addition, using the question network which arranges
questions according to the levels of difficulty-based features, questions that fit for learners’
levels were able to be selected in spite of change of learner’s situation during the learning. In
our future, we need farther experiments with students of various understanding levels for
confirming the effect of our method.

Currently, three difficulty-based features have been prepared. However, there are still
several other features in questions, such as grammatical structure. Thus, for our future work,
to investigate other features of questions is necessary if they become difficulty-based
features or not.
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Abstract: In this paper, we present our work on framing with the view of implementing it in
an Intelligent Tutoring System (ITS). The process of framing a learning activity, in our case
problem solving, consists of having the activity in between a pre-action (or priming) phase
and a post-action (or reflective) phase. In previous work, we found that simulated framing,
in which the priming and reflection phases were led by a human teacher while the learning
activity itself was performed in an ITS, significantly reduces learning time and requires less
effort for similar gains. This paper presents the next stage of the project, in which the
priming phase is implemented in the ITS. We performed a pilot study using the extended
system, which resulted in the same trends as simulated framing.

Keywords: Intelligent tutoring systems, framing, teaching strategies

Introduction

In previous work [1] we have presented the initial results on the framing teaching strategy.
Framing is a pedagogical strategy that we have distilled from educators’ practices in tertiary
institutions and high schools. The strategy consists of three sequential phases whereby the
learning activity (action phase) is preceded by a pre-action (or priming) phase and followed
by a post-action (or reflection) phase. All three phases together form a learning session. In
the classroom, students generally participate in the pre- and post-action phases as a group,
while the action phase is done either individually or as a group.

The purpose of the pre-action phase is to prepare the student for the learning activity by
helping them focus on the concepts that will be used in the learning activity. The aim of this
phase is not to teach them the declarative knowledge required but to “set the scene” for the
learning activity. Teachers could lead the short, interactive session by (re-) introducing the
target concepts, linking them to previously learned concepts, working through examples,
discussing common misconceptions, and setting the "boundaries" for the session.

The learning activity phase immediately follows the pre-action phase. Here, the student
takes part in some activity that helps them interact with material relating to the target
concepts. For example, students might solve problems, engage in discussion, conduct
exploratory research, or run experiments. This phase is self-directed, enabling the student to
put into practice what they have learned, and the teacher might provide feedback.

Once the learning activity is complete, the teacher leads the students in the reflection phase.
The purpose of this phase is to encourage students to reflect on what they have learned in the
previous two phases. Students are encouraged to analyze their errors (including the source
of these errors) thereby uncovering misconceptions.

There are several theories that make framing a plausible teaching strategy. Cognitive Load
Theory [3] suggests that problem solving for novices generates heavy working memory
loads, which could be detrimental to learning. To balance these loads, teachers should
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provide guided instruction, help narrow the problem search space by creating “boundaries”
to each session, and alleviate the working memory restriction by making sure that only
items relevant to the task are loaded into the working memory. This is exactly what happens
during the priming phase.

Meta communication about the presentation of the subject is important for learning [4].
Prior to the learning activity, the student needs to know the boundaries of the lesson segment
(exactly what the lesson will contain), which should be well defined by the teacher. The
student needs to know the content of the session, differentiating between the old and the new
material. They also need to know the links between the new knowledge and previously
learned knowledge [4].

Many learning models view learning as a cyclic process, around which knowledge
acquisition, knowledge application and reflection occur. Andreasen and Wu [5] discuss a
few of the commonly used experiential models. Framing is a simplified (and thus possibly
easier-to-implement) version of many of the models.

Reflection promotes deep learning [6, 7, 8]. Critically analysing the learning experience
helps challenge the student’s underlying perception of the domain, identify and correct
misconceptions, and integrate new knowledge with existing knowledge [9]. This also
allows the student to transfer the newly acquired knowledge to other types of problems or
scenarios. Self-explaining one’s actions [10] and monitoring one’s progress via open
student models [11, 12] have been shown to be useful reflective tools that benefit learning.
Our project consists of three main stages:

1. The learning activity is implemented within SQL-Tutor [2], while the pre- and
post-action phases are facilitated by a human tutor. The purpose of this stage was to
investigate the potential of framing to improve learning before actually
implementing it in the ITS. The results of this stage were presented in [1] are
reviewed in Section 1.

2. The pre-action and learning activity phases are implemented in SQL-Tutor. This is
the current stage of our project.

3. The reflection phase is also implemented in the ITS.

We chose a suite of metrics early on to validate whether the way in which we implemented
Framing helps to achieve the intent. These metrics include Learning Efficiency [13],
help-usage metrics e.g. High-Level Help, Requests for Help [14, 15], meta-data about
problems solved and problems attempted (including difficulty levels), learning curves, and
pre and post-tests. The pre and post-tests were designed by a teacher to measure students’
knowledge. The same pre and post-tests are to be used in all stages.

1. Stage 1: Simulating the Framing Strategy

As stated earlier, the purpose of this stage was to simulate the Framing strategy in the
manner in which we planned to implement it in the ITS. This helped us gather some
information about framing with regards to learning and test out our decisions prior to
implementation. We selected a set of target SQL concepts, namely the concepts covered by
queries using the Group By and Having clauses, which students generally find difficult to
learn. SQL-Tutor was restricted to only present problems relating to these target concepts.
The study was held immediately after the relevant concepts had been covered in lectures.
The learning activity was problem solving in SQL-Tutor. The pre- and post-action phase
were interactive, whiteboard, group sessions, led by a human teacher. The pre-action and
post-action phases were limited to 10 minutes each, while the whole session lasted 100
minutes. In the pre-action phase, the teacher briefly reminded students of the target concepts
(taught in lectures previously) and, eliciting student participation, worked through a few
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examples of varying difficulty. The teacher also discussed typical misconceptions. After
interacting with SQL-Tutor, the students were prompted to reflect on their learning
experience by commenting on some of their own mistakes. The teacher also showed them
the most common mistakes that are usually made during the problem-solving phase.
Students were asked to find the errors (in terms of concepts and methods) in those incorrect
solutions before collectively working through to reach a correct solution.

Thirty-eight students from a second year database course participated in the evaluation for
no monetary reward. We divided participants randomly into two groups: experimental and
control. The idea was to perform the evaluation in a setting that was as close to the normal
learning environment faced by students. As such, the experimental and control sessions
were held during regular course lab sessions. Students in both groups completed a pre-test
and a post-test, which were of comparable difficulty and contained three questions relating
to the target concepts with the maximum mark of 12. After the pre-test, the experimental
group went through priming, followed by problem-solving and reflection phases, which
were run as described. In contrast, the control group entered the problem-solving phase
immediately after the pre-test. The pre-test, post-test, and problem-solving phases for both
groups were identical.

SQL-TUTOR Definition Worked example | Guided example Definition Worked example | Guided example

GROUP BY HAVING

The next bit ..

Ok, now that we've had a look at the GROUP BY clause, let's explore the HAVING clause.

The Having clause

® YYou can use the HAVING clause to specify conditions on groups
® The HAVING clause is linked very closely with the GROUP BY clause.
# Do not confuse between the HAVING and WHERE clauses. In the WHERE clause, you specify conditions on tupfes, whereas you specify conditions on groups in the HAVING clause.

Movies database

An example Explanations

Let's first look at the WHERE clause ... TITLE TYPE
#ddding & WHERE clause to our example will fiterthe tuples (according to the condtion). Who is that singing over there? comedy
— - Innocent corcerers comedy

title, type P
eter and Pavia comed!

FROM movie = I & X
WHERE type='comedy': fnme o comeay
Dr Strangelove comedy
In the above example, instead of seeing all the movies, we will only see tuples that are of type 'comedy'. The Guess who is coming to dinner comedy
resulting data will only be a list of comedies. ——— comay
How the GROUP BY and HAVING clauses ... The moon is blue comedy
Monsieur Hulots holiday comedy
Our example gave us a list of the number of movies for each type Playtime Gomedy
SELECT type. count{*) The cow and 1 comedy
FROM movie A funny dirty little war comedy
GROUP BY type: My sweet fittle village comedy
But... how can we filter this list to only display types that have more than 5 movies? My uncle comedy
i To be or not to be comedy
Ny - A sOltionmight beto Blazing saddles comedy
Q . by their type ... then The producers comedy
L4 the number of movies in each group ... then High anxiety comedy
® adda to only include groups that have more than five Silent movie comedy

movies
This is exactly what we wil do

SELECT type. count{%*)
FROM novie

GROUP BY type

HAVING count(*) > §:

That's it! We have not only summarised our data (per group), but also fittered the data using a condition. Here's a
sample output.

Further thoughts

® Can you have a HAVING clause without the GROUP BY clause?
*® What would it mean to group by more than one attribute? Can you think of an example?

Figure 1: Information about the Having clause

The results of this preliminary study [1] showed that the experimental group had a higher
problem-solving speed even though they attempted and solved problems of similar
difficulty while using similar levels of help. Furthermore, the experimental group was
significantly more efficient in their problem-solving phase than the control group. In other

393



Mohd Ayub A. F. et al. (Eds.) (2011). Workshop Proceedings of the 19th International Conference on Computers in Education. ChiangMai, Thailand:

Asia-Pacific Society for Computers in Education.

words, while they did not learn more than the control group, they expended significantly
less effort and therefore were more efficient.

2. Implementing Priming

We implemented the priming (pre-action) phase within the ITS using the lessons learned
from stage 1. The design of this stage was similar, except that we excluded the post-action
phase. The pre-action phase contained three steps for each of the target clauses (i.e. three for
the Group By clause followed by three for Having clause). Each of the three steps increased
from passive to more active in terms of student interaction. The first step contained the
declarative knowledge about the clause followed by an example (see Figure 1). The
example provided detailed explanation on how to solve the problem, and a possible
solution. Students could also click on a link to display the result of the query. A “Further
thoughts” section at the end gave more information to extend their knowledge of the clause.
Once the student read the information on this page, they proceeded to the next step.

The second (and fifth) step contained a worked example. Students could hover over parts of
the solution to get a detailed explanation for that part of the solution. Figure 2 shows the
worked example and the explanation for the condition in the Having clause. Hovering over
each part of the solution also highlighted the relevant part of the problem statement,
allowing students to link the problem to the solution. Students could also click on a link to
view the intended output of the query, or view the database schema.

The third (and sixth) step contained a strictly guided example. Similar to step 2, this step
contained a problem statement and an empty solution statement (with blanks that the student
had to fill in). When the student clicked on one of the blanks, the explanation for solving that
part of the problem was displayed. Figure 3 shows the situation when the student asked for
the explanation for the blank in the Having clause. The student could click the “Check”
button to check their solution. If the student made an error on one of the parts of the solution,
the explanation also contained a bottom out hint telling the student what to enter.

SQL'TUTOR Definition Worked example | Guided example Definition Worked example | Guided example

GROUP BY

HAVING: Worked example

The worked example below uses the HAVING clause. It is very similar to the worked example you explored for the GROUP BY clause. Read the problem and see if you can
figure out how the solution was created. You can get explanations if you hover your mouse over certain links.

When you'e finished exploring, click the Continue button

Problem

Find the number of movies that were produced in each year. Show only the years in which were produced. Assign the alias number_of_mowvies to
the number of movies column.

Yiew the intended output
Movies database

Solution Explanations

Hover over links to view explanations. Specifying a condition on groups

SELECT year, count(*) AS number_of_maovies
FROM movi
o Using the GROUP BY clause, we created groups of movie tuples (i.e. movies for each year),

GROUP BY year Now, using the HAVING clause, we can specify that we only want groups that have more
HAVING count*1>5 than 10 tuples (i.e. years that have more than 10 movies).

The HAVING clause allows us to set conditions on the groups.

Figure 2: Worked example
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The learning activity (problem-solving) immediately followed the six steps of the pre-action
phase. This phase was identical to stage 1, where students worked on problems in
SQL-Tutor. The problem set was restricted to problems using the target concepts.

SQL TUTOR Definition Worked example | Guided example Definition Warked example | Guided example

GROUP BY Havne

Having: Guided example

The guided example below uses the HAVING clause. It is very similar to the problem you saw earlier. Read the problem text and see if you can figure out how to create the
solution. Have a look at the explanations when trying to solve each part of the problem.

Click 'Check’ when you have entered a solution to a step.

Problem

Create a list of directors (director IDs will do) and the number of movies they have directed. Only include directors who have Use the
alias number_of_movies for the number of movies directed.

View the intended output
Movies database

Solution Explanations

SELECT director ) count(*) Using HAVING to impose a condition on the group
SSUMBer=IEMONsS As it stands, our query will output a list of all the directars (and the associated number of

FROM movie mavies). However, the problem wants the list to only contain directors that have directed more
than 5 movies
GROUP BY director
To do this, we need to the number of movies in each group and make sure that we only
HAVING |

include information if the count is greater than 5.

Figure 3: Guided example

3. Results

Thirty students participated in the evaluation for no monetary reward. We divided them
randomly into two groups: experimental and control. Two sessions were held during regular
course lab sessions (100 minutes long) on 13 and 14 May 2009 respectively. The students
participated in the study during the lab session they normally attended throughout the
course. Students in both groups completed the pre- and post-test (the same ones used in
stage 1 of the project). Following the pre-test, the experimental group went through the

pre-action phase in the newly added component, while the control group went directly onto
the problem-solving phase.

Table 1: Matched means and standard deviations for test scores (%) and gains

Pre-test Post-test Gain

Experimental group (n=5) 57.14% (s.d = 39.7) 75% (s.d = 16.6) 33.3% (s.d = 39.5)

Control group (n=12) 52.9% (s.d =26.3) 88.3% (s.d =11.2)  36.6% (s.d = 24.7)

The data we collected and analyzed included the pre/post-test results and just over 29 hours
(total) of SQL-Tutor student models and logs in which 30 students collectively made 1,769
submissions to the system. There were 17 students in the control group and 13 in the
experimental. However, only 17 students sat both tests, and we give the matched results in
Table 1. There were no significant differences in the performances of the two groups on the
pre-tests, post-tests or between gains (the gain is the difference between post- and pre-test
score). There was a significant difference between the pre- and post-test performance of
each group, indicating that students improved their domain knowledge during the session.
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These results provide us with “trends” even with the low number of students from the
experimental group that sat both tests (n=5).

The rest of the analyses were carried out on all the thirty students and the results are reported
in Table 2. The trends in this stage were very similar to those found in stage 1. The
experimental group spent less time solving problems; this was marginally significant
(t(25)=1.3, p=.09). Students in both groups solved a similar number of problems. This
means that the experimental group solved problems at a slightly faster rate, which was also
marginally significant (#(19)=0.46, p=.09).

We analyzed the problem difficulty levels for both groups. Did students in one group
attempt or solve problems that were significantly more difficult than the other that might
account for the differing speed of problem solving? Each problem in SQL-Tutor is assigned
a difficulty level by the SQL expert who authored the problems. Difficulty levels range from
1 (easy) to 9 (difficult) with non-trivial differences in difficulty between levels. SQL experts
have checked problem difficulty levels such that problems with the same difficulty level are
of similar difficulty. The problems attempted and solved were also of similar difficulty
between groups. This was also confirmed for the highest and lowest difficultly level of
problems attempted and solved in both groups i.e. students solved similar types of problems.
On average, the experimental group made 49 (26.6) attempts while solving problems, while
the control group made 68 (49.3) attempts; the difference was not significant showing that
the both groups got similar amounts of feedback from the system. However, to check that
students from one group did not receive higher levels of feedback (e.g. they used full
solution much more than the other group), we calculated the high-level help used for both
groups. High-level help (HLH) [14, 15] is defined as the type of help given by a system that
provides (part or all of) the correct solution to the student rather than having the student to
solve the problem; e.g. full solution is a type of HLH. Another important characteristic of
HLH in SQL-Tutor is that the HLH levels have to be manually requested by the student
whereas the ITS might automatically provide other types of feedback (Low-level help). The
HLH ratio is the number of HLH attempts divided by the total number of attempts. This
shows us the proportion of HLH use, from 0 (no HLH use) to 1 (the student used HLH on
every attempt). Students from both groups used similar amounts of high-level help during
this phase; 0.46 (0.26) for the experimental group and 0.43 (0.34) for the control group.

Table 2: Results for experimental and control groups

Experimental Control
Difficulty of problems attempted 5.02 (0.59) 4.95 (0.53)
Difficulty of problems solved 5.01 (0.55) 4.91 (0.56)
Lowest difficulty of problems attempted 3.53(0.51) 3.64 (0.49)
Highest difficulty of problems attempted 7.0 (1.35) 6.82 (1.7)
Lowest difficulty of problems solved 3.61 (0.50) 3.64 (0.49)
Highest difficulty of problems solved 6.92 (1.32) 6.70 (1.82)
Number of problems solved 10.15 (5.03) 10.5 (6.4)
Time spent on problem solving (min) 52.46 (18.09) 65.17 (33.9)
High-level Help (HLH) ratio 0.46 (0.26) 0.43 (0.34)
Request for Help (RFH) attempts 1.84 (0.68) 1.88 (1.40)
Relative learning efficiency (E) 0.11 -0.12

The relative learning efficiency (E) is defined as the performance gained in one condition
(the experimental condition) over the effort expended in relation to another condition (the
control condition). A condition is more efficient if “1) their performance is higher than
expected on the basis of their effort and/or 2) their invested effort is lower than might be
expected on the basis of their performance” [13]. To calculate the efficiency of
problem-solving for each group, we used “time” as the effort spent and “test gains” as the
performance measure. The relative efficiency is found by first converting each of the raw
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scores to a z score by subtracting the grand mean from the raw score and dividing by the
standard deviation. E scores then are found by calculating the perpendicular distance
between each z score and the E=0 line when plotted on a Cartesian graph. As with stage 1,
the efficiency of the experimental group (E = 0.11) was higher than that of the control group
(E = -0.12). This was marginally significant (#(28)=1.11, p=0.1, one-tailed, assuming
unequal variances).

We also plotted learning curves for both groups (4). Although the differences were not
significant, the trend lines indicate that the experimental group learned at a higher rate than
the control group.
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Figure 4: Case study 2: Learning curves for experimental and control groups

4. Discussion and Conclusions

This paper presented the second stage of our project, aiming to implement the framing
teaching strategy in an ITS. In previous work, we performed a preliminary study with
simulated framing, in which the pre-action and post-action stages were led by a human
teachers instead of being implemented in the ITS. The aim of stage 1 was to see whether
framing is an effective strategy for an ITS before actually implementing it and therefore
committing significant recourses. The results of Stage 1 show that Framing results in
significantly faster and more efficient learning.

In this current (second) stage of the project, we implemented the priming phase in
SQL-Tutor. This is the first time framing has been implemented in ITSs. The trends
gathered from the evaluation of this stage suggest that this implementation worked in a
similar manner to that in stage 1. Note that this does not mean that we have achieved an ideal
implementation. In fact, although the trends were similar to stage 1, the results gained were
not as significant. We have pinpointed at least four possible reasons. First, we had a small
number of participants, and therefore cannot make solid conclusions. Secondly, even
though the pre-action phase in stage 1 was non-adaptive to the individual, the human teacher
adapted to the group as a whole, especially during the worked examples step (when the
teacher interacted with the group). This might have increased the effectiveness of the
pre-action phase in stage 1. Thirdly, we decided to omit the “common misconceptions” step
and only concentrate on correct knowledge. One reason was to keep the pre-action phase
reasonably short (to stop it encroaching on the problem-solving). Another reason for the
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omission was that presenting correct knowledge followed by incorrect knowledge (common
misconceptions) did not seem intuitive using our method of presentation. Finally, the
method of presentation differed in both stages. While we had a human teacher (animated,
expressive, utilizing the student’s visual and auditory senses) presenting in the first stage,
we had a series of web pages with limited interaction in the second stage.

The results from this stage, added to that of the previous stage, increase our knowledge and
give us a more detailed picture about various decisions we made and aspects of this strategy.
Due to the evidence gathered in these stages, it is possible to implement the post-action
phase in stage 3 and thus have a system that fully employs the Framing strategy in
SQL-Tutor. However, information gathered from this stage suggests that we also could split
the development path into a spike that evaluates some of the reasons given in the discussion
above and tries to improve on the pre-action phase (say, stage 2B) while continuing
development on stage 3. As we have gathered baseline information in stage 2 regarding the
pre-action phase, the two stages (stage 2B and stage 3) can be undertaken concurrently. If
the spike in stage 2B is successful, the improved pre-action phase can be added with
confidence to the system at a later date.

References

[1] Mathews, M., Mitrovic, A. Does framing a problem-solving scenario influence learning? In: Kong, S.C.,
et al. (Eds.) Proc. 17™ Int. Conf. Computers in Education ICCE 2009, Hong Kong: Asia-Pacific Society
for Computers in Education, pp. 27-34, 2009.

[2] Mitrovic, A. (2003). An Intelligent SQL Tutor on the Web. Artificial Intelligence in Education, 13(2-4),
173-197.

[3] Kirschner, P. A., Clark, R. E., & Sweller, J. (2006). Why Minimal Guidance During Instruction Does Not
Work: An Analysis of the Failure of Constructivist, Discovery, Problem-Based, Experiential, and
Inquiry-Based Teaching. Educational Psychologist, 41(2), 75-86.

[4] Leinhardt, G., & Ohlsson, S. (1990). Tutorials on the structure of tutoring from teachers. Artificial
Intelligence in Education, 2(1), 21-46.

[5] Andreasen, R. J., & Wu, C.-H. (1999). Study Abroad Program as an Experiential, Capstone Course: a
Proposed Model. 15th Annual Meeting of the Association for International Agricultural and Extension
Education, Trinidad & Tobago.

[6] Katz, S., Allbritton, D., & Connelly, J. (2003). Going Beyond the Problem Given: How Human Tutors
Use Post-Solution Discussions to Support Transfer. International Journal of Artificial Intelligence in
Education, 13(1), 79-116.

[7]1 Katz, S., Connelly, J., & Wilson, C. (2007). Out of the Lab and into the Classroom: An Evaluation of
Reflective Dialogue in Andes. In R. Luckin, K. R. Koedinger & J. E. Greer (Eds.), Artificial Intelligence
in Education: Frontiers in Artificial Intelligence and Applications (Vol. 158, pp. 45-432): 10S Press.

[8] Lee, A. Y., & Hutchison, L. (1998). Improving Learning from Examples through Reflection. Journal of
Experimental Psychology: Applied, 4(3), 187-210.

[9] Atkins, S., & Murphy, K. (1993). Reflection: A Review of the Literature. Journal of Advanced Nursing,
18(8), 1188-1192.

[10] Chi, M. T. H. (2000). Self-Explaining Expository Texts: The Dual Processes of Generating Inferences
and Repairing Mental Models. In R. Glasser (Ed.), Advances in Instructional Psychology: Educational
Design and Cognitive Science (Vol. 5, pp. 161 - 238). Mahwah, NJ: Lawrence Erlbaum Associates.

[11] Kay,J. (1997). Learner Know Thyself: Student Models to give Learner Control and Responsibility. Paper
presented at the International Conference on Computers in Education, Sarawak, Malaysia.

[12] Mitrovic, A., & Martin, B. (2007). Evaluating the Effect of Open Student Models on Self-Assessment.
Artfiicial Intelligence in Education, 17(2), 121-144.

[13] Paas, F. G. W. C., & Merrinboer, J. J. G. V. (1993). The Efficiency of Instructional Conditions: An
Approach to Combine Mental Effort and Performance Measures. Human Factors: The Journal of the
Human Factors and Ergonomics Society, 35, 737-743.

[14] Mathews, M., & Mitrovic, A. (2008). How does students' help-seeking behaviour affect learning? Paper
presented at the 9th International Conference on Intelligent Tutoring Systems, Montreal, Canada.

[15] Mathews, M., Mitrovic, A. & Thomson, D. (2008). How does students' help-seeking behaviour affect
learning? Analyzing high-level help seeking behaviour in ITSs. W. Nejdl et al. (Eds.): AH 2008, LNCS
5149, pp. 312-315, 2008.

398



Mohd Ayub A. F. et al. (Eds.) (2011). Workshop Proceedings of the 19th International Conference on Computers in Education. ChiangMai, Thailand:

Asia-Pacific Society for Computers in Education.

Preliminary Evaluation of an Intelligent
Authoring System for 'Graph of Microworlds'

Tomoya Horiguchi® & Tsukasa Hirashima”
*Graduate School of Maritime Sciences, Kobe University, Japan
bDepartment of Information Engineering, Hiroshima University, Japan
* horiguti@maritime.kobe-u.ac.jp

Abstract: Graph of Microworlds (GMW) is a framework for indexing a set of microworlds
for computer-supported adaptive and progressive learning with microworlds. It is difficult to
describe a GMW because an author must make a set of microworlds and organize them with
model-based indices. Therefore, we proposed a method for semi-automating the
GMW-authoring and evaluated it by hand simulation. In elementary mechanics, a GMW of
practical size could be described with the method and each microworld was judged to be
effective as a learning material. Additionally, by 7 subjects, the explanations generated by
the method were judged to be useful in describing a GMW.

Introduction

In physics education, it is important for a student to acquire the ability to make appropriate
models of various phenomena in the domain. For this purpose, a set of problems are
provided in which he/she must think about some physical systems and their behaviors. In
each problem, the range of systems and their behaviors are usually limited from some
educational viewpoint in order for him/her to be able to understand the laws/principles
behind the phenomena. This is called a microworld. For the systematic understanding of the
domain theory, therefore, it is necessary to sequence a set of microworlds of various
complexity (from relatively simple systems/phenomena to more complicated ones)
adaptively to the context of learning.

In designing ITSs (Intelligent Tutoring Systems) with such a function, it is essential
to appropriately index a set of microworlds. Especially, it is important to explain why, in the
situation given by a microworld, the laws/principles are applicable and why the model is
valid. It is also important to explain why/how the model changes if the situation is changed.
In order to make such explanations, it is necessary to index a set of microworlds based on
their models and the process of modeling.

Therefore, we proposed the Graph of Microworlds (GMW), which is a framework
for indexing the microworlds and the relations between them based on their models and the
process of modeling [4]. We also showed, by using GMW, it becomes possible to design a
function for adaptively selecting the microworld which a student should learn next, and a
function for assisting a student in transferring between microworlds.

However, it isn’t easy to describe a GMW because an author must make a lot of
indices in a model-based way. He/she must have the expertise in the process of modeling.
Therefore, we also proposed a method for semi-automating the description of GMW by
introducing an automatic modeling mechanism [5] (i.e., compositional modeling [3, 6]).
Though the authoring system which implements this method is currently under construction,
we described the domain knowledge for it which covers elementary mechanics and
successfully simulated its behavior by hand. In this paper, we report the result of a
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preliminary experiment which was conducted by hand-simulation and validated the
usefulness of our method.

1. Graph of Microworlds and its Authoring

An example of GMW for elementary mechanics is shown in Fig. 1. Each microworld is
indexed with the situation it deals with, the model of the situation and the process of
modeling. A student can learn the physical law(s)/principle(s) necessary for the modeling
and the skill(s) for the model-based problem solving in each microworld (they are called a
learning item). Two microworlds which deal with similar situations but different models
(i.e., different law(s)/principle(s) is(are) necessary) are linked to each other with an edge.
Parameter-change rules [1] are attached to such an edge which relate the difference between
the situations of two microworlds to the difference between the behaviors of their models.
This means one model is the necessary evolution of the other (with the perturbation of
situation). Such a relation between two microworlds is called an educationally meaningful
relation. In order to make a student learn the domain theory progressively [2], a GMW
should include as many such relations as possible.

Fig. 2 shows the framework for authoring GMW. An author describes a GMW as
follows: Suppose a learning item network is given which consists of a set of concepts and
their partial ordering to be learned. First, he/she finds a situation for learning an item. Then,
he/she perturbs the situation to make a new situation for learning another item adjacent to
the former. For each situation, the system generates its model and indexes it with its
modeling assumptions automatically by compositional modeling [3, 6]. By repeating such
perturbation, he/she finally gets a GMW which covers the learning item network. In this
process, the system generates explanations about the differences between situations to help
an author judge whether they have 'educationally meaningful' relation or not (the detail for
generating explanations is described in [5]).
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Fig. 1. An example of Graph of Microworlds.
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2. Preliminary Experiment
2.1 Design of the Experiment

First, we examined whether one can describe a GMW covering a given learning item
network of practical size with our method. We made a learning item network of elementary
mechanics (which includes 38 learning items and is partially shown in Fig. 3) by analyzing 2
textbooks in physics for senior high schools. We then tried to describe a GMW which covers
it with the method.

Second, we examined whether each microworld made in the above process can be effective
in learning the corresponding learning item. A microworld was judged to be effective if a
problem which deals with the same item and the same situation as it was found in
text/exercise books'.

Third, we evaluated the ability of the method to generate explanations about the differences
between microworlds. In text/exercise books, there aren't always 'educationally meaningful'
relations between two situations of the problems which deal with adjacent learning items.
Therefore, after selecting 6 such pairs of problems from text/exercise books, we made the
'bridging' microworlds with our method (a 'bridging' microworld has 'educationally
meaningful' relations with both problems in a pair). We then asked 7 subjects (who were
under/graduates majoring in engineering) to judge whether these microworlds were
effective in facilitating progressive learning and whether the explanations generated with
the method about their differences were useful.

2.2 Results

First, a GMW covering the learning item network shown in Fig. 3 could be described with
the method. It, besides the microworlds corresponding to the given items, has 4 extra
microworlds each of which was inserted to bridge the gap between two microworlds (where
one couldn't make the adjacent microworlds corresponding to adjacent items by perturbing
the situation). Though the GMW was described by the authors, we think it reasonable

! We assumed the situations of the problems in text/exercise books were guaranteed to be effective in
dealing with the corresponding learning items, and tried to reproduce as many such situations as
possible when describing the GMW.
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because the purpose of this experiment is to evaluate the ability of the method to make
models by perturbing situations (not the usability for end users).

Second, every microworld except one” in the GMW (partially shown in Fig. 3) could be
made the same as the situation of the problem in text/exercise books (we referred 5 ones).
Therefore, the microworlds made with the method can be effective in learning the
corresponding learning items.

Third, the evaluation result by the subjects about the effectiveness of the 'bridging'
microworlds is shown in table 1. It reveals that the inserted microworlds between those of
too different situations were effective in complementing the gaps with 'educationally
meaningful' relations, and that the explanations generated with the method were useful in
understanding the differences between microworlds (in case-1 and 4). Even though the
effectiveness of the microworlds was negatively evaluated since they were inserted between
those which weren't judged to be too different, the usefulness of the explanations by the
method were positively evaluated (in case-2, 5 and 6). That is, in all the cases, the method
could generate useful explanations for understanding the differences between microworlds.
In this experiment, because we tried to reproduce as many situations of the problems in
text/exercise books as possible when describing the GMW, some edges became ineffective
in facilitating progressive learning (i.e., in case-2, 5 and 6). This matter, however, could be
improved when such constraint is removed.

°m® learning item network
X
k o S [y
v = m? mgé
m (el 0

Fig. 3. Learning item network and a GMW covering it

graph of microworlds

Table 1. Evaluation result about bridging microworlds

Case-1 Case-2 Case-3 Case—4 Case-5 Case—6
Q1 0.86 243 2.00 1.43 3.29 3.57
Q2 357 1.43 2.14 3.29 243 1.29
Q3 343 2.86 3.00 3N 3.00 2.57

Q1: Are the situations of two microworlds close enough to facilitate progressive learning?
Q2: Is the microworld inserted between two microworlds effective in facilitating progressive learning?
Q3: Is the explanation by the system useful to understand the difference between situations?

*Each score is the average of five degree ratings by 7 subjects (0: the most negative - 4: the most positive).

3. Conclusion and Future Work

These results suggest our method is useful in describing a GMW covering a learning item
network of practical size which effectively facilitates progressive learning. One of our
important future work is to complete the prototype by adding a GUI-based interface and
examine what GMW:s could be described by end-user authors.

2 Thirty-one microworlds (out of thirty-eight learning items) were examined because seven
microworlds dealing with 'work' and/or 'energy' became the same situation as the others. Though the
only exception was a microworld dealing with 'de/composition of forces,' its situation wasn't
ineffective because it was a part of the situation dealing with the following learning item 'angled
projection.'
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