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Abstract:

In recent years, online learning has gained popularity in Japan, increasing opportunities for
remote study using lecture slides. However, a common issue in Japanese education is that students
tend not to ask questions in class. To address this issue, we propose an online learning support system
that facilitates the process of students' questioning and thinking, referring to the research on "critical
thinking". This study aims at clarifying the relationship between the questions generated by students
and the class slides. This is achieved by analyzing the hierarchical relationship of the keywords that
appear in the slides. We also propose a method of recommending appropriate lecture slides for the
questions asked, which in turn, will encourage students to ask meaningful questions and engage in

productive discussions.
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1. Introduction

Introspective thinking, such as critical thinking, involves intentionally evaluating one's own
thought processes. King claimed that good thinkers ask good questions (King, 1995). However, it
is common for Japanese students to be too hesitant to query the lecture content. For instance,

Ikuta et al. observed that 47.7% of youngsters did not ask or generate inquiries (Ikuta and
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Figure 1 Support for generating questions (left) and presenting relevant

slides (right) for critical thinking.

Maruno, 2004). Therefore, the purpose of this study was to encourage students to create questions
and to support the process of careful consideration. Figure 1 illustrates the Ul of the implemented
learning support system. Depending on the behavior of the learner, our proposed Ul
switches from “question generation support” to “presentation of relevant slides.” First, we
provide a question suggesting support task, where the learner's current “target slide” is shown in
the upper-left corner of the UIL. According to the proposed approach, the target slide's keywords
are also shown in the upper-right corner. Additionally, when a learner selects the “Important
Keyword Suggestion” option, the keywords on the target slide are highlighted in accordance with

their importance so that they are easier comprehended.

2. Overview

Figure 3 illustrates the schematic overview of the system in this study. Instructors share
their crafted lecture slides with students and store them in a database named Lecture Slide DB. As
users of this system, learners utilize it to watch class videos presented by instructors. While
viewing these videos, learners actively generate questions concurrently with the displayed
question keywords and formats. Subsequently, the system conducts exploration to find slides
corresponding to the questions and offers slide recommendations in a ranked format. The
proposed ranking method utilizes the question keywords and formats chosen by learners, in

addition to the hierarchical structure of slides created by instructors.



INOUE: Enhancing Critical Thinking in On-Demand Learning: A Learning Support System
with Question-Generating Instruction and Related Slides Presentation

Regin of Terror | Tltl e | -
| = Antipathy to rush reforms grows| |_| Level 1 (n 1 )
[ = 1794 Coup d'état of Thermidor (reaction)|
II:"Arresl and execution of:n:es F‘ Indented B ] LV2 (n = 2)
peeinte e e Texts T Lv3(n=3)

[Figure| " Fig(n=2) |

16

Figure 2 Examples of indentation and hierarchy levels

3. Support for Question Generation

PowerPoint and Keynote slides used in lectures typically feature a hierarchical structure

with indentation.

3.1 Important Question Keyword Extraction

We suggest utilizing the slides' hierarchical structure to prioritize query keywords
according to importance. The indentation is assigned the hierarchical levels we defined, which
reprocesses the slide's hierarchical structure. The title has the highest hierarchy level (n=1), as
shown in Figure 2, and after that, the hierarchy level rises one level in descending order. First, we
perform a morphological analysis on the target slide and extract nouns that might be used as
question keywords. The importance of the keyword £ in Slide x is calculated by considering the
frequency of the keyword's occurrence on the slide and the height of the occurrence's hierarchical
level. In this paper, I hypothesize that cases where the keyword appears frequently on the slide

and occurs at a higher hierarchical level are more important as question keywords.

3.2 Keyword Extraction for Related Questions

Next, while choosing keywords, learners could decide to choose relevant terms that do not
exist on a target slide. By computing the relationship between the keywords in the material and
figuring out the upper-lower relationship between the chosen and other keywords, we respond to
this request in this case. In this work, we use the hierarchical structure of the lecture slides to
extract a thesaurus from them. This enables learners to choose relevant keywords that appear

outside of the target slide.
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Figure 3 System overview
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3.3 Presentation of Question Format

We provide a format for questions that are created by simply combining keywords. The
question stem list produced by Ikuta et al. (Ikuta and Maruno, 2004) and the question
categorization approach given by Shinogaya (Shinogaya, 2013) were used as the basis for the
question format presented in Table 1. In this work, we define high-level questions as those that
promote linkages between keywords and prior knowledge, whereas low-level questions are those
that confirm the facts of the keywords themselves. Additionally, we consider the situation when

learners choose one term for a single keyword question and various keywords for a multiple-
keyword question. Both Qr, and @, allow various keywords in the question format.

The slide rank computation for the question in this study uses the question format.
The goal of this study is to support learners in generating and reflecting on possible high-level
questions. This is because low-level questions can ultimately be solved with simple methods such
as web search or by browsing Wikipedia. We selected three question patterns (six in total) for

evaluation, which are assumed to be low-level and high-level.
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Table 1 Question format

Qr,: What is k;?

Low Q.,: Are there any examples of k,?

Q1,: What are kyor k;?

Qgn,: Is anything synonymous with k,?

High Qy,: How does k; relevant to before and after the target slide?

Qu,: What is the difference between k; and k,?

4. Slide Recommendations for based on Question Format

In our study, we categorized questions into low- and high-level types to align them with
suitable slide categories, subsequently displaying relevant slides to users. We defined four slide
types based on keyword appearance positions and hierarchy relationships to characterize
recommended candidate slides for specific questions. Notably, question formats with multiple

keywords were not addressed in this paper, leaving room for future exploration.

4.1 Determination of slide types

To characterize the recommended candidate slides for a specific question, we defined four
slide types based on the appearance position and hierarchy relationships of the keywords in the
question. Based on the indent level of target slide, there are two types of slides: higher and lower
slides. Higher slides provide an earlier direct explanation of the question keyword, while lower
slides supplement the explanation by addressing the question keyword later. Next, we extract the
relationship between the keyword semantic hierarchy and the slide hierarchy. This represents a

partial order relationship between question keywords and other keywords.

11
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figure 4 Slide type categorization based on description tendencies

For example, if a keyword is a more specific instance of a question keyword, it is expressed
as a hyponym of the question keyword. We examined 170 pages of lecture slides from four
courses and identified specialized or generalized roles for each slide type. Types (1) and (4) were
determined to play specialized roles, while types (2) and (3) played generalized roles. Figure 4

provides examples of the four slide types.

and keyword hierarchy.

4.2 Grouping of Recommended Slides

The grouping of slides recommends slides that have no occurrence of question keywords

adjacent to the recommendation candidate slides. We considered three types of slide grouping

methods:

A. Grouping of adjacent similar slides

B. Grouping candidate slides by glue bonding

C. Group similar adjacent slides (considering hierarchical)
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Proposed Method Conventional Method Proposed
Lecture Shide . Lecture | Slide

D Page Proposal 1 |Proposal 2 | Proposal 3|  Topic D Page TF -Total Average Proposal
(w; =0.5) | (w; =0.8) | (w; =0.2) Hierarchy | Hierarchy | (w; = 0.5)

11 0.845 0.868 0.807 0.919 11 0.619 0.906 0.910 0.906

1 16 0.625 0.625 0.648 0.870 1 16 0.761 0.800 0.740 0.777

19 0.877 0.794 0.883 0.995 19 0.822 0.898 0.799 0.891

8 0.975 0.975 0.975 0.996 8 0.804 0.991 0.986 0.991

2 10 0.905 0.822 0.905 0.959 2 10 0.946 0.946 0.857 0.946

17 0.695 0.695 0.693 0.839 17 0.768 0.805 0.726 0.809

25 0.875 0.875 0.854 0.840 25 0.759 0.790 0.790 0.828

3 26 0.647 0.647 0.647 0.883 3 26 0.525 0.581 0.581 0.581

31 0.722 0.709 0.845 0.850 31 0.593 0.798 0.715 0.725

3 0.980 0.943 0.983 0.995 3 0.972 0.988 0.909 0.985

4 11 0.929 0.929 0.929 0.929 4 11 0.958 0.958 0.931 0.958

14 0.646 0.646 0.646 0.995 14 0.506 0.698 0.698 0.698

Ave 0.810 0.794 0.818 0.923 Ave 0.753 0.846 0.803 0.841

2l Rank 2 3 1 s 4l Rank 4 1 3 2

Figure 5 Tuning effects of the proposed methods (left) and Comparison of
conventional methods and Proposal 1 (right)

5. Evaluation

We provided three preliminary questions to assess the participants' comprehension levels of
the lecture subjects. First, we asked about their prior learning experience related to the subject
matter addressed in the lectures. Second, we inquired about their self-reported understanding of
the lecture subjects. Finally, we conducted a mini-test specifically focused on the subjects of the
lectures. These questions were designed to assess the participants' comprehension levels
regarding the content presented in the experimental lecture slides. As a result, it was found that
there were variations in students' level of learning experience and confidence in their
understanding depending on the content of the lectures, and it was found that this point should be

kept in mind in future evaluations.

5.1 Experiment 1

In Experiment 1, we evaluated the rankings using the normalized discounted cumulative
gain (nDCG) metric. The correct answer data is derived from the ranking of keywords that
participants want to ask questions about, as indicated in their responses. This allows us to assess
the effectiveness of the ranking method in accurately identifying keywords of interest for each
participant. We present the results of how appropriate the topic keywords answered by the
participants are as question keywords in Figure 5. The "Topics" column represents the rank
correlation between the ranking of the correct answer data (i.e., the ranking of the keyword to be

asked) and the topic ranking of the corresponding keyword as answered by the participant. The
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average value is 0.923, with a minimum of 0.839 and a maximum of 0.996, indicating a high

level of agreement.
5.2 Experiment 2

In our evaluation, we compared and assessed the performance of three conventional
methods and the proposed method using the rank correlation of nDCG. The following three
methods were evaluated as conventional methods:

*  Number of occurrences of the keyword
*  Total Hierarchy: total reciprocal of keyword occurrence hierarchy level
*  Average Hierarchy: Value obtained by dividing Total Hierarchy by TF

We present the evaluation results comparing topic keywords' suitability between the
proposed and conventional methods in Figure 5. The Total Hierarchy method achieved the
highest accuracy, with the average value of 0.846. Following in second place was Proposal 1
(baseline) with an average value of 0.84/. The Average Hierarchy method ranks third with an
average value of 0.803. The TF method exhibits the lowest average value among the tested
approaches, measuring 0.753. We evaluated how tuning the calculation of question keywords
using the proposed method affects the appropriateness of the question keywords. The results are
presented in Figure 5. We conducted a validation to assess the effectiveness of adjusting the

weights of keyword slide importance, as described in Section 3.2.1. The baseline is Proposal 1,

which represents the proposed method without any weight adjustments and has w; =0.5. Proposal

3 achieved the highest accuracy, with an average value of (0.8/8. Proposition 1 (Baseline) was
second, with an average value of 0.870. Proposal 2 had the lowest mean value among the tested

approaches, at (.794.
5.3 Experiment 3

We conducted a preliminary experiment and survey to verify the slide types. The subjects
were 9 university students in their twenties. We conducted a preliminary experiment using 170
slides from four lectures their theme is vegetable to investigate the frequency of appearance of
each slide type. Types (1) and (3) exhibited higher frequencies than types (2) and (4). Lecture C,
which focused on "‘tomatoes", showed a different trend, with many reverse slides. These findings
align with the authors' expectations.

To verify the effectiveness of matching slide types and question formats, we examined the

percentage of slide types judged to be appropriate based on the top-50% ranking of the proposed

method. For Q; ,» slide types 1 and 4 together accounted for 56% of the top ranking, indicating

14
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little influence. For QLz’ slide types 1 and 4 accounted for 60% of the data, and for QHI, slide

types 2 and 3 accounted for 67% of the data, showing slightly higher ratings. The results revealed
that matching the question format with the four slide types had little impact because of the
insufficient matching between the slide type classification, which focused on the partially ordered

relation between keywords and the question format.
6. Conclusion

In this study, we have proposed an online learning support system to promote critical
thinking in students and performed an experiment to evaluate the proposed approach. This study
focused on developing an online learning support system to enhance critical thinking skills in
students. Overall, our study provides valuable insights for the development of effective online
learning support systems. In future research, we shall conduct large-scale evaluation experiments
to investigate the extent to which the proposed method can stimulate critical thinking. We plan to
expand the method of determining slide types to enable the system to handle questions that
contain multiple keywords. Ultimately, our objective is to implement the system in real-world
classrooms and conduct both quantitative and qualitative evaluations of the number and quality of
generated questions. In the future, we may expand the target lecture content to include media

such as lecture videos, audio lessons recorded by teachers, and other educational content.
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