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Abstract

Summary note learning is rewriting notes while reviewing the lecture’s content post-
class. Learners can deepen their understanding and remember the content through
writing. However, there are problems such as a decline in motivation and a decrease
in the quality of notes because learners usually take notes alone. Many studies have
pointed out that interventions during writing summary notes are essential, but previ-
ous methods required other’s labor and were less accessible for interventions. In this
research, I implemented a note-taking system with writing assistants using generative
AT and conducted a user study to survey whether supporting summary note-taking
by assistants’ interventions is effective. The writing assistants generate explanations
or questions based on the content in learners’ summary notes and of the lecture. The
user study was a between-subjects experiment with three groups - a group with the
assistant that generates explanations (the explaining group), a group with the assis-
tant that generates questions (the questioning group), and a group without assistants
(the control group). They reviewed their notes and took a test one week later. I
did not find significant differences in almost all the quantitative results, such as the
number of characters, the quality of summary notes, and the test scores across the
three groups. However, through interviews with the participants, I found positive
and negative points about the writing assistants and the format of explanations and
questions. Thanks to the assistants, participants noticed missing points in their notes
and felt they understood the lecture content well. On the other hand, they could

not concentrate on note-taking and remember the content the assistants did not men-



tion. Finally, I described the design implications of writing assistants for summary

note-taking.
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Chapter 1

Introduction

1.1 The importance and challenges of note-taking

Note-taking is one of the most critical processes in learning. It helps learners retain and
understand the content they are studying [46]. Research shows note-taking enhances
academic performance compared to non-note-takers [14, 18, 40, 51]. Previous studies
revealed two reasons for the importance of note-taking for learning, and they are
"encoding function” and the "storage function” [6, 30-32, 52]. The encoding function
involves promoting learners’ thinking and understanding through the act of note-
taking itself. The storage function allows learners to use their notes as a resource for
review, particularly before exams. Regarding the storage function, it is essential not
only to take notes but also to actively review them [5, 18, 29, 32, 55].

There are two primary types of note-taking identified in previous research: ”in-
class” and "post-class” [6, 7, 11]. Because note-taking in-class is performed in an
environment where learning is enforced, such as during lectures, the willingness to
take notes is less affected by learners’ spontaneity or autonomy. However, it requires

multitasking, as learners must simultaneously listen to lectures and write notes. This

increases cognitive workload and stresses learners’ mental resources [25, 43]. Con-
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versely, post-class note-taking allows learners to focus entirely on writing notes with-
out the added burden of listening to a lecture, reducing cognitive demands [55]. In
this thesis, I call the note taken post-class "summary note.”

Because learners often write their summary notes alone without any support, the
quality of notes was not desirable [6]. Also, psychological issues stemming from human
nature arise, such as individuals slacking off when writing by themselves and feeling the
perceived effort of creating summary notes due to the low awareness of the effectiveness

of summary note creation [54, 55].

1.2 Technical support with interventions for note-
taking

Many researchers have sought to address these challenges, such as learners’ low mo-
tivation and the low quality of summary notes. For example, guided summary notes,
where learners complete notes with prewritten titles and subtitles, have been shown
to improve note quality and reduce the psychological barriers to starting [8]. Other
systems support structured note-taking [36] or enable learners to refer to notes writ-
ten by others [15, 16]. There is also research about collaborative writing in note-
taking [17, 27, 47, 49]. These works have tried to resolve problems with summary
notes caused by doing it alone by using systems support. These studies highlight the
importance of interventions during the note-taking process, as emphasized by several
researchers [3, 32, 55].

Interventions in learning provide interactivity and the feeling of being with some-
one and reduce the isolation of studying alone. Through technology and automation,
interventions will be more accessible to many learners. There are studies about learn-
ing supports using technology such as Al chat-bot for reviewing [35], a chat-bot for

memorizing English words [45], and a system that Al pretends to a student to train
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beginner teachers [37]. AI can process long texts sophisticatedly and generate output
as a natural language. These Al features will give learners insight, which they cannot
notice alone, by scanning the content of lectures and summary notes. Then, integrat-
ing interactive learning technologies like Al into summary note-taking can significantly

enhance learning outcomes.

1.3 The main idea of this research

In this research, I implemented a system that creates a learning cycle that note-taking
assistants generate explanations or questions based on the content of the summary
notes written by learners and they then utilize these explanations or answer to these
questions to improve the quality of their notes. By using the questioning format,
learners have to think of answers mentally. If they cannot find the correct answers,
they need to search for information using resources such as the Internet or textbooks. I
anticipate that Al-generated questions will stimulate learners to take proactive actions
rather than directly providing answer. Indeed, prior research has demonstrated that
questioning-style Al enhances critical thinking skills more effectively than explaining-
style Al or a control group [13]. While there is a distinction between critical thinking
and note-taking, both share common processes, such as evaluating the necessity of
information and logically understanding content during summary note-taking. This is
because I adopted the system’s explaining and questioning interface.

Moreover, this system offers additional benefits: it does not require the presence of
other learners and demands minimal effort from instructors. These advantages address
the challenges of previous works about the intervention in summary note-taking. To
examine the effectiveness of the system with explaining-based and question-oriented

assistants in writing summary notes, I pose the following research questions:
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RQ1 How do note-taking assistants affect the quantity and quality of summary notes

and learning outcomes?

RQ2 How do note-taking assistants influence the process of note-taking and learners’

psychology?

To answer these two research questions, I conducted the between-subjects user
study with three groups (N=30): the group used explanation-oriented assistant (ex-
plaining group), the group used question-oriented assistant (questioning group),
and the group wrote notes without any assistants (control group). In the user study,
participants wrote memos without any assistants while watching a recorded video lec-
ture. They then created summary notes based on their memos, with the explaining
and questioning groups utilizing their respective assistants. One week later, they re-
viewed their summary notes and completed a post-test based on the lecture content.
I also conducted interviews on both days. This study examines note-taking assistants’
quantitative and qualitative impact on summary notes, learning outcomes, and the
note-taking process. The findings inform design implications for future note-taking

assistants.



Chapter 2

Related Work

2.1 Interventions using technology during note-taking

In many cases, learners independently write summary notes, which can make it chal-
lenging to receive feedback and often leads to a decline in the quality of the notes [6].
To address these issues, providing interventions during the note-taking process is crit-
ical [3, 32, 55]. Technology-based automatic and generic interventions are particularly
valuable in contexts with limited access to resources, such as teachers and learning
materials, because learners tend to write a summary note alone.

A substantial body of research has focused on systems designed to support collab-
orative note-taking [17, 27, 47, 49]. For example, there is a system in which students
can add comments on shared slides during class and a platform to do discussion among
students [27, 47].

In self-study environments, NoteCoStruct, a note-taking system developed by Fang
et al., is particularly notable [15, 16]. This system enables learners to browse key
points, explanations, and writing styles from notes created by others who attended
the same lecture. It also supports the creation of structured notes, which go beyond

a sequential transcription of the teacher’s explanations and board writing.
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Furthermore, in the domain of video lectures and note-taking, Cuong et al. devel-
oped a system that supports note-taking while watching video lectures by detecting
points that users think essential through analyzing learners’ gaze in real-time and ad-
justing playback speed [38]. Similarly, there is another system that allows users to
search for videos containing content similar to their notes [48]. In terms of referring
to the content written in notes, the system that generates search queries based on
the content of users’ notes and their search history has been shown to improve the
efficiency of finding relevant information compared to manual searches [39].

Collaborative learning and systems providing access to resources created by others
have proven effective However, addressing individual issues, such as discovering new
information or refining personal knowledge based on the content in notes, is equally
important. Despite these advancements, there remains a lack of interactive interven-
tions tailored to individual circumstances in the field of summary note-taking.

Interventions are effective because they allow learners to reflect on their notes and
learn from a meta-perspective, counteracting the self-contained nature of the summary
note-writing process. In this research, I propose a system in which a note-taking assis-
tant powered by generative Al provides explanations or questions based on the content
of summary notes. By iteratively generating explanations and questions, searching for
new information, reflecting, and answering questions, I verify that learners can im-
prove both the quality and quantity of their summary notes and enhance learning

outcomes.

2.2 Methods for evaluating notes

Evaluating notes and summary notes and understanding their relationship to learning
outcomes is an important area of research. Previous studies have shown that there

are many kinds of methods for evaluation and assessment indicators.
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In terms of quantitative analysis, the number of characters and words are repre-
sentative indicators [15, 55]. Combining quantitative and qualitative aspects, many
studies have adopted a matrix approach that evaluates the comprehensiveness of top-
ics covered and the depth of content for each topic [6, 8, 20, 28, 41]. In this method,
we first prepare several items that are the topic of the summary note. After that, we
score from 0 to 3 points based on the richness of content for each item and regard the
sum of scores as the indicator of the note. For example, the criteria for each score are
"There is no description of the item. (0 points)”, "There is only the name of the item
(1 point)”, "There are descriptions of the item, but they are insufficient. (2 points)”,
and "There are sufficient descriptions of the topic. (3 points)”.

The other study has analyzed additional elements, such as main topics, supple-
mentary information, examples, and images [20]. Indicators such as the number of
ideas, prioritization of items, clarity, readability, and accuracy of notes have also been
proposed [15].

Another critical study area is the relationship between learning outcomes and note
quality /quantity. For instance, the research by Flanigan et al. reported a correla-
tion between the number of ideas in notes and test scores [19]. Chen et al. found
that while note quality significantly predicted learning outcomes, quantity alone did
not [6]. Inuzuka et al. analyzed five aspects of notes - (1) amount of description, (2)
structuring (a concept similar to summarization of relating information, organization
of information, and taking structured notes), (3) use of figures, (4) use of examples,
and (5) copying text—and their relationship to test performance [55].

Overall, prior research suggests a strong relationship between note quality and
learning outcomes, while the relationship between note quantity and outcomes remains
unclear. In this research, I analyze the quality and quantity of notes produced by the

user study participants and examine their relationship to learning outcomes.



Chapter 3

System Design

In this chapter, I describe the design, functionality, and implementation of the note-
taking system that participants used in the user study. I illustrate the procedure and

details of the user study in Chapter 4.

3.1 Features of the system

3.1.1 Overview of the system

I will show an example system interface with a question-oriented assistant in Figure
3.1. Participants typed their notes on the document sheet in Figure 3.1. While
participants were writing their summary notes, the note-taking assistant generated
explanations or questions based on the notes and the lecture content as mentioned in
Section 3.1.2. Red, bold, and italicized texts in Figure 3.1 are generated questions.
The assistant positioned the generated explanations and questions near the relevant
sections of the notes to ensure contextual alignment. In the explaining group, the
assistants provide explanations in the same way as questions regarding position, font,

and color.
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Figure. 3.1 Overview of the note-taking system with a question-oriented assistant.
Participants wrote their notes on the document. Red, bold, and italicized texts are
generated questions. Participants could choose to answer or ignore the questions. In
the user study, the notes and the assistants’ generated explanations and questions
were in Japanese, as all participants were Japanese speakers.
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Participants in the explaining and questioning groups had full control over handling

the generated content. Specifically:

o The explaining group: Participants could erase, copy and paste, or partially

use the generated explanations.

« The questioning group: Participants could choose to answer or ignore the

generated questions.

However, there was one constraint for each group. I asked participants in the
questioning group to delete all generated questions by the end of the summary note-
writing process. Similarly, I instructed participants in the explaining group to delete
generated explanations or change their color from red to black. I adopted these rules
to calculate note quantity and quality accurately across the three groups. Participants
in the control group did not use note-taking assistants and just wrote their summary

notes directly on the document.

3.1.2 Prompt of the system

This system’s core functionality is note-taking assistants’ ability to generate explana-
tions and questions. I used a generative Al API to implement this functionality. The
prompt to generate explanations and questions included the content of notes, a list of
previously generated explanations and questions, the transcript of the video lecture,
and instructions.

I instructed assistants to generate explanations and questions based on the notes,
the transcript, and the four steps of Bloom’s Taxonomy. Bloom’s Taxonomy is a frame-
work that categorizes six levels of learners’ understanding: Remember, Understand,
Apply, Analyze, Evaluate, and Create. Create is the highest level of understanding.

I adopted this framework because it is famous and widely used in many prior

research in the field of education [12, 23, 26, 42]. Although Bloom published its
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original work [2] in 1956, I referred to the revised version from 2001 [1, 34]. T used
expressions from prior studies that analyzed the relationship between exam questions
and Bloom’s Taxonomy [26]. In this system, assistants generated questions randomly
from the four lower levels of Bloom’s Taxonomy: Remember, Understand, Apply,
and Analyze. I omitted the question regarding Evaluate and Create because these
two steps are too advanced levels for writing summary notes, which aims to input
and understand the lecture content through writing. The prompt also included the

following instructions

« Generate a question encouraging a learner to supplement information mentioned

in the transcript but missing from the notes.

» Avoid generating questions whose answers are already present in both the tran-

script and the notes.
o Avoid generating duplicate questions with the same content.

For the explaining group, the prompt was almost identical to that used for the
questioning group. Systemically, the explanation-oriented assistant generates a ques-
tion, the same as the question-oriented assistant. The difference between them is that
the explanation-oriented assistant generates an answer to the question, and the system
places the answer as an explanation on the note.

The following sentences are examples of explanations and questions generated by
the assistants at the user study, translated from Japanese into English. The alpha-
betical and numeric combination following the statement represents the participant’s
ID. For example, "EP10” means the person who is a participant ID No.10 in the ex-
plaining group. In addition, "Q” denotes the questioning group, and "C” represents

the control group.

"Social cutting refers to the phenomenon of a decrease in the amount of effort

per person when working in a group. On the other hand, social inhibition refers
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to a phenomenon in which the efficiency of individual actions declines in the
presence of others, especially when the assignment is complex, or individuals
lack the required skills. Clarifying responsibilities, enhancing task attractiveness,
and boosting motivation are effective measures to prevent these problems. For
example, it is recommended to avoid social cutting by specifying each person’s
responsibilities and establishing a system to measure individual contributions.”

(Explanation, step: Analyze, EP10)

AW FR S, EFTEELZTDIEIC. — ALY OBHEMITTS
BRI, —h, i, M 07 & > TEADITEI DR R A
THBBERERU, RHCERENEM E 2 I3AEENME G SRS, 2
NOZFISOORFEEL LT, BEEDOAEZIIMEIZT S Z 2%, FEz A
MReEDE U, BN ITZ2ED TRPNETH D, HIZIX. FHENE D
DEHLUTHWEIN2HAMIZT 2 LTRSS, MADEBE %l
LA AZREZ D I ENHERE I NS, ] (Explanation, step: Analyze, EP10)

"Based on the result of the social cutting experiment by Williams et al., please
explain how social cutting can be prevented in a real-world group.” (Question,

step: Understand, QP2)

(74 VT LAXL DR TIREEROFR 2 EIZ, DX 5 ITTNIEE
FEDOIN—TTCHRMFIREEZHS I ENTEIEINHAL T EZI WV, |

(Question, step: Understand, QP2)

3.1.3 Mechanisms of generating explanations and questions

The system provides two mechanisms for generating explanations or questions. The
first mechanism is the generation by user’s instruction. This mechanism means the
assistant generates one explanation or question when a user clicks the "Run the gener-

ation” button in Figure 3.2. The second mechanism is an automatic regular generation
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Figure. 3.2 The figure compares buttons displayed in three groups. Panel A displays
the buttons for explaining and question-oriented assistants. This panel appears when
a user pushes the button named ”Al assistant.” Panel B shows the buttons used in
the control group’s system. This panel appears when a user pushes the button named
"Save.” Red texts are translations of the names of buttons.

without the user’s instruction. This feature allows the assistant to generate explana-
tions or questions automatically at regular intervals. Users can activate this feature
by clicking the "Start Automatic Generation” button and deactivate it by clicking
the ”"Stop Automatic Generation” button in Figure 3.2. Once activated, the assistant
generates one explanation or question every five minutes.

Automatic regular generation can address situations where users might forget to
click the button named "Run the generation” while focusing on writing their summary
notes. This feature ensures that assistants expose participants in the explaining and
questioning group to generated explanations and questions in order to make a clear
distinction between these groups and the control group. I determined the interval of

the regular generation based on observations of user behavior before the user study.

3.2 Implementation of the system

This note-taking system uses Google Document * and participants write their notes

on this document. I used Google Apps Script 2 to run processes of reading the content

thttps://www.google.com/intl/ja_ jp/docs/about/
2https://www.google.com /script/start /


https://www.google.com/intl/ja_jp/docs/about/
https://www.google.com/script/start/

3.2 Implementation of the system 14

of the note, calling the API to generate explanations and questions, and placing gen-
erated explanations and questions onto the document. For generating explanations
and questions, I utilized the Assistants API 3 provided by OpenAI API 4 with GPT-
40 ®. Additionally, the system logged data, including the content of the notes and
timestamps corresponding to when the system read the content and when the system

placed generated explanations or questions on the notes.

Shttps://platform.openai.com/docs/assistants/overview/
*https://openai.com/index/openai-api/
Shttps://openai.com/index/hello-gpt-4o/


https://platform.openai.com/docs/assistants/overview/
https://openai.com/index/openai-api/
https://openai.com/index/hello-gpt-4o/

Chapter 4

Experimental Design

In this chapter, I present a user study using the note-taking system with note-taking

assistants that I introduced and detailed in Chapter 3.

4.1 Study Procedure

I conducted a between-subjects user study with three groups: a questioning group, an
explaining group, and a control group. Each group used the corresponding note-taking
system described in Chapter 3. I concealed the fact that the user study was a control
experiment and the true purpose of the user study from the participants. Instead, I
told them the dummy purpose of the study, which was to collect data from summary
notes to analyze note-taking behaviors and outcomes quantitatively and qualitatively.
The deception aims to mitigate the possibility of participants favoring the questioning
or explaining group in their responses or behaviors. I did a debriefing session at the
end of the study to disclose the actual purpose.

I proceeded with the user study, as shown in the below lists. The user study
consists of two stages and took place entirely online via one-on-one Zoom sessions. |

required the participants to join both stages, and all completed them.



4.1 Study Procedure 16

Stagel User study at Dayl
Stagel-1 The onboarding session for explaining the procedure of the user study and
writing a consent form. (15 minutes)

Stagel-2 Participants listened to the video lecture about social psychology while

taking notes. (30 minutes)

Stagel-3 Participants wrote a summary note by overwriting the note taken in Stagel-
2. People in the explaining and questioning group used their note-taking

assistants. (30minutes)

Stagel-4 The first interview. (25 minutes)
Stage2 User study at Day8

Stage2-1 Participants reviewed the summary note written in Stagel-3. (5 minutes)

Stage2-2 Participants took a multiple-choice test whose questions were based on the

content of the video lecture in Stagel-2. (15 minutes)
Stage2-3 The second interview. (5 minutes)

Stage2-4 The offboarding session for debriefing. (5 minutes)

4.1.1 The first stage

The first stage takes approximately 100 minutes. While the duration of the onboard-
ing session and the initial interview varied among participants, I strictly controlled
and accurately timed the time allocated for watching the video lecture and writing a
summary note.

At first, participants joined the onboarding session and submitted a consent form

to join the user study. I also explained the flow of the user study.
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Next, participants watched the 28-minute pre-recorded video at a standard play-
back speed. They also took notes while watching the video, but I firmly instructed
participants to concentrate on watching the video rather than note-taking.

In this phase, none of the three groups utilized the note-taking assistants.

The theme of the video lecture is an introductory class on social psychology. This

lecture !

is part of a series of psychology lectures for high school students provided
by the official YouTube channel 2 of The Japanese Psychological Association 3. The
reason I selected social psychology as a theme of the user study is prior research on
summary notes often utilized psychology lecture [6, 15, 55]. Additionally, the primary
purposes for writing summary notes are remembering and understanding the lecture’s
content through writing, and subjects regarding arts, which need memorizing, are
more suitable.

Third, participants spent 30 minutes revising and expanding their summary notes
based on the notes they had taken during the lecture. Participants in the questioning
and explaining groups used the corresponding note-taking assistants, while the con-
trol group did not. Instead, participants in the control group just wrote their notes
on Google Docs without any Al support. Before the note-taking session began, I
instructed the two groups on using the note-taking assistants and several usage guide-
lines. All participants can watch the video again and adjust the playback speed (pause,
speed up, or slow down). I also permitted them to search for additional information
online. However, I prohibited them from using any generative Al tools besides the
note-taking assistants.

Finally, I conducted the first interview. This interview lasted about 25 minutes. I

show the details of the interview, such as the list of questions in Section 4.3.4.

WEROHPAM  HEHE  ARAEO OO (HALEY2) 1. https://www.
youtube.com/watch?v=WO0KzIr4dYVP4
2https://www.youtube.com/Quser-yx3ql3wt4i

3https://psych.or.jp/



https://www.youtube.com/watch?v=W0KzIr4YVP4
https://www.youtube.com/watch?v=W0KzIr4YVP4
https://www.youtube.com/@user-yx3ql3wt4i
https://psych.or.jp/
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Question 7: Please select the two most appropriate statements regarding the *
difference between social facilitation and social inhibition.

a) Social facilitation is observed in practiced tasks.
b) Social inhibition often occurs with new tasks.
c) Social facilitation occurs when the task is independent of the individual.

d) Social inhibition is primarily observed in group activities.

OD0000

e) Social facilitation occurs regardless of an individual's physiological state.

Figure. 4.1 A question in the post-test in Stage2-2. Participants have to select two
correct answers from five options. The proper options are "a” and ”"b”. Participants
solved the test written in Japanese. The question in this figure is translated into
English.

4.1.2 The second stage

The second stage took place one week after the first stage, an average duration of the
university classes. During this stage, I measured the time participants spent reviewing
their notes and completing the test accurately.

First, participants had 5 minutes to review only their summary notes. To stan-
dardize conditions, participants were not allowed to review their summary notes or
access any materials related to social psychology between the first and second stages.

Next, I assigned the test to them, and they had to submit it within 15 minutes.
I forbade them from accessing any materials, including their notes. 1 created the
test questions based on the lecture content with Google Forms. The total number of
questions is 12. Each question requires participants to select multiple correct answers

from several options. An example question is shown in Figure 4.1.
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Following the test, I conducted the second interview in about 5 minutes. Section
4.3.4 shows the details of this interview. Lastly, I informed participants of the true

purpose of the user study.

4.2 Participant

I recruited participants through CrowdWorks 4. T asked candidates whether they had
knowledge of social psychology or not. All selected participants answered either "I
don’t have the knowledge of social psychology completely” or "I have heard the word’
social psychology’ but don’t know its content.” They must also be fluent in Japanese
and accustomed to using Google Docs and Zoom.

A total of 30 participants (15 male and 15 female) took part in the study. Of
these, 6 are students, and 24 are non-students. They are all adults, with an average
age of 36.4 years (SD = 9.804). I randomly assigned them to one of three groups, with
10 participants in each group. Each participant received a compensation of 2601 yen
upon completing the study.

Additionally, I submitted the institutional review of this user study to the Envi-
ronmental Health and Safety Office of the Graduate School of Engineering and the
Graduate School of Information Science and Technology of the University of Tokyo.

The office approved the review.

4.3 Measurement

4.3.1 Notes quantity

Previous studies on post-class note-taking have used the number of characters or words

in notes as an evaluation metric [6, 8, 55]. In this research, I focused on two aspects:

4CrowdWorks is one of the largest crowdsourcing platforms in Japan. https: / / crowdworks.jp /


https://crowdworks.jp/
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the total number of characters in the completed summary notes and the change in
character count from the beginning to the end of the note-taking process. I compared
these metrics across the three groups.

This analysis addresses the quantity of notes in RQ1, as outlined in Chapter 1.
I hypothesize the following: H1: The quantity of notes in the explaining and
questioning groups will increase compared to the control group. This hy-
pothesis is based on two assumptions. First, participants in the explaining group
will likely copy and paste generated explanations, directly increasing the character
count. Second, generated questions will guide participants in the questioning group

in identifying additional content to include in their notes.

4.3.2 Notes quality

In addition to quantity, another critical metric for evaluating notes is their quality. I
employed a rubric evaluation, as described in Section 2.2 to assess quality. Four raters
independently scored all notes, evaluating them both at the beginning and at the
completion of the summary note-writing process. The raters included three Japanese
first-year master’s students from our lab and myself. The rubric consisted of eight
items shown in Table 4.1. The raters scored each item from 0 to 3 points based on
the unified criteria agreed upon by all raters. Therefore, the total score range was
from 0 to 24, with a step size of 1 point. The final score for each set of notes is the
average of the total scores across the four raters. I analyzed the rubric score when
completing the summary note and the change in score from the beginning to the end
of the note-writing process.

This analysis addresses the quality of notes as part of RQ1 in Chapter 1. My
hypothesis is as follows: H2: The quality of notes in the explaining and ques-
tioning groups will increase compared to the control group. In the question-

ing group, question-oriented assistants will prompt participants to complete omitted
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Table 4.1 The list of items in the video lecture for the rubric evaluation.

number item

1 What is social psychology

Social facilitation

Social inhibition

Zajonc’s drive theory

Social cutting

The procedure of the social cutting experiment by Williams et al.

| S| O = | W[ DD

The result and discussion of the social cutting experiment by Williams et
al.

8 Methods to prevent social cutting

parts and stimulate deeper thinking through their questions, enhancing both the notes’
comprehensiveness and depth. In the explaining group, the note-taking assistants will

likely generate detailed explanations, which will improve the notes’ quality.

4.3.3 Learning outcome

I conducted the post-test, described in Section 4.1.2, to evaluate participants’ learning
outcomes. The result of this test addresses the learning outcome component of RQ1
in Chapter 1. I hypothesize the following: H3: The learning outcomes will be
highest in the questioning group, followed by the explaining group, and
lowest in the control group. This is because people in the questioning group will
achieve deeper learning due to engaging in reflective thinking and producing well-
organized notes facilitated by the question-oriented assistants compared to the other
two groups. Participants in the explaining group are less likely to engage in deep
thinking, as they primarily copy and paste generated explanations. However, the
quality of their notes, as discussed in Section 4.3.2, will be higher than that of the
control group. This leads to a difference in learning outcomes between the explaining

and control groups.
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4.3.4 Interview

As mentioned in Section 4.1, I conducted two semi-structured interviews with each
participant. The interview questions differed across the three groups (explaining,
questioning, and control) to reflect the note-taking assistant’s presence or absence
and its form (explaining or questioning). This interview addresses RQ2 in Chapter 1.
For the explaining and questioning groups, I asked about their experiences of writing
notes with the note-taking assistants and the generated explanations or questions.
The control group’s questions focused on their habits and opinions regarding summary
note-taking.

In the two interviews, I asked the following questions. "IQ1-X" represents a ques-
tion in the first interview, and "IQ2-X” represents a question in the second interview.
The alphabet in parentheses following the question text indicates the group for which
the question was asked (E for the explaining group, Q for the questioning group, and

C for the control group).

IQ1-1 What did you think, and how did you behave regarding this paragraph when
writing a summary note? (Think-aloud question: A Paragraph refers to a section
of the video lecture, such as the item lists for the rubric evaluation in Section

432) (E, Q, Q)

IQ1-2 What did you think, and how did you behave regarding this generated explana-
tion or question? (Think-aloud question, Asked for every generated explanation

or question.) (E, Q)

IQ1-3 What do you think about the influence of the note-taking assistant’s function of

generating explanations or questions on writing a summary note? (E, Q)

IQ1-4 What features would you like to have in a note-taking assistant? (E, Q)
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1Q1-5

IQ1-6

IQ1-7

IQ1-8

1Q1-9

IQ1-10

IQ1-11

IQ1-12

IQ1-13

IQ1-14

1Q2-1

1Q2-2

1Q2-3

What do you think about the difference between the presence of note-taking
assistants and not? Please compare your past experiences of summary note-

taking and your experience with this user study. (E, Q)
What are helpful and unhelpful questions, and why? (Q)
Do you take notes during class? (C)

Do you take notes after class? (C)

What do you think about the disadvantages and challenges of writing summary

notes? (C)
What kind of support would you like when writing summary notes? (C)

How often, for how long, and in which contexts (e.g., timing, subjects) do you

write summary notes? (C)

Do you prefer digital documents or paper for note-taking? What are the advan-

tages and disadvantages of each? (C)
What is the purpose of writing summary notes? (C)
What do you think about the benefits of writing summary notes? (C)

What is the influence of the summary notes on your understanding and learning

of social psychology? (E, Q, C)

What is the influence of note-taking assistants on your understanding and learn-

ing of social psychology? (E, Q)

What are the points to improve your behavior when writing a summary note or

using note-taking assistants? (E, Q, C)



Chapter 5

Result

5.1 Notes quantity

Figure 5.1 presents the results for note quantity across three groups. I compared
the total number of characters in the completed summary notes among the three
groups, applying a log transformation to the data. Shapiro’s test did not show a
violation of normality (W = 0.947,p = 0.140), and Bartlett’s test confirmed homo-
geneity of variances (x?(2) = 0.448,p = 0.799). With one-way ANOVA, I did not
find any significant effect of the pretense or absence of an assistant and the differ-
ence of assistants’ formats on the total number of characters across three conditions
(F(2,28) = 0.662,p = 0.524 > 0.05).

I also analyzed the change in character count from the beginning to the end of the
note-taking process across three groups, applying a square root transformation to the
data. Shapiro’s test indicated no violation of normality (W = 0.935,p = 0.068), and
Bartlett’s test did not show a violation of homogeneity of variances (x?(2) = 4.10,p =
0.129). A one-way ANOVA revealed a significant effect of the pretense or absence of
an assistant and the difference of assistants’ formats on the change in character count

(F(2,28) = 4.824,p = 0.016 < 0.05). A Dunnett’s pairwise comparison showed a
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(a) The box plot of the total number of char- (b) The box plot of the change in character
acters in the completed summary notes across count from the beginning to the end of the
the three groups. note-taking process across the three groups.

Figure. 5.1 The box plots of the number of characters of summary notes across the
control, explaining, and questioning groups. A green line in the box is a median, and
a green triangle is an average.

significant difference of the difference of assistants’ formats on the change in character
count between the explaining group and the control group (p = 0.011 < 0.05). Hence,

H1 is partially supported based on this result.

5.2 Notes quality

I calculated the rubric scores to evaluate the quality of summary notes. Four raters
individually scored all notes at the beginning and the completion of the summary
note-writing process. I calculated correlation coefficients for all two pairs of four rates
to confirm inter-rater reliability. A Pearson’s chi-squared test revealed that p-values
of all pairs were less than 0.05, indicating significant correlations among all raters.
Figure 5.2 presents the results for note quality across three groups. I compared the
rubric scores, which I mentioned in Section 4.3.2, at the completion of the summary
note-writing process across three groups. Shapiro’s test did not show a violation of

normality (W = 0.975,p = 0.676), and Bartlett’s test did not reveal a violation of
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completion of the summary note-writing pro- from the beginning to the end of the note-
cess across the three groups. writing process across the three groups.

Figure. 5.2 The box plots of rubric scores of summary notes across the control, ex-
plaining, and questioning groups. A green line in the box is a median, and a green
triangle is an average.

homogeneity of variances (x%(2) = 0.370,p = 0.832). With one-way ANOVA, T did
not find any significant effect (£(2,28) = 2.27,p = 0.123 > 0.05).

Next, I compared the change in rubric scores from the beginning to the end of
the note-writing process across three groups. Shapiro’s test did not reveal a violation
of normality (W = 0.930,p = 0.050), and Bartlett’s test did not show a violation of
homogeneity of variances (x?(2) = 5.38,p = 0.068). A one-way ANOVA did not reveal
any significant effect (F'(2,28) = 0.268,p = 0.767 > 0.05). Thus, H2 is not supported.

5.3 Learning outcome

The results for learning outcomes are presented in Figure 5.3. I compared the post-
test scores across the three groups. Because the assumption of data normality was
violated, I applied a Kruskal-Wallis H-test. This test did not reveal any significant
effect (x?(2) = 1.02,p = 0.600 > 0.05). Therefore, H3 is not supported.
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Figure. 5.3 The box plot of the post-test scores across the control, explaining, and
questioning groups. A green line in the box is a median, and a green triangle is an
average.

5.4 Interview

In this section, I summarize the interview script and address RQ2. The alphanumeric
combinations following citations represent a participant’s ID and an interview question

number, as explained in Section 3.1.2 and Section 4.3.4.

5.4.1 Participants’ behaviors while writing summary notes
Resources used for writing summary notes

Most participants relied on the lecture video to gather information for their sum-
mary notes. They frequently adjusted the video speed, pausing or fast-forwarding as
needed. A few participants rarely referred to the video; instead, they depended on
their existing notes and memory. Conversely, some participants searched for supple-
mentary information using Google or websites like Wikipedia. The resources did not

significantly differ across the three groups.

“The right note (the note at the end of Stagel-2 mentioned in Section 4.1) is

pretty much like a memo, so I wrote my summary note by reviewing the lecture
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video once and learned points that I didn’t fully understand when I watched the
video at first.” (CP10, IQ1-1)

[ (4.1800 Stagel 2 M THFETD ) — ) IRV AT WKL Z o7
DT, /& (4.1HiD Stagel-3 K TS TD /) — ) IZf7< DICHEH%Z —EH
IO RELUT, <RGN/~ IAZHLTEzEOHLZLEND &
SBEU T, (CP10, IQ1-1)

"To recall the details of the social cutting experiment by Williams et al., I
watched the video again at a fast-forward speed and understood the experiment’s

procedure.”(EP8, 1Q1-1)

[EEIZEABREBM TONE0E2 BT 2012, £S5 1RET A% AE
UCTRXY TREUCEROFIELE » 2R L E L7z, (EPS, IQ1-1)

"I found a website while searching for Social Cutting on the Internet. I added
the content, which did not appear on the video, to my summary note referring

to explanations on the site.”(CP4, 1Q1-1)

(2 MDA THENTFHEIL VWO EDZMRBITTWAZEZEIFELT, o
R—LR=INITXNFEULAEZDT, THLDRHDO 2 SMITTNEE
TELT, HRRVDEETELOT, BEATIIHE»>72E D% ENM
ATV N nwD Z ez 94,1 (CP4, IQ1-1)

Behaviors commonly observed across the three groups

Most participants revisited the lecture video to fill gaps in their notes from Stagel-2.
They recorded details they had previously missed or misunderstood. Some copied slide
content directly, while others summarized it in their own words. Several participants
stated that they aimed to make their notes readable during Stage2-1. They focused on

the lecture’s story, structured their notes with bullet points, and marked important
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content using bold fonts or underlining. These practices were consistent across all

groups.

"Basically, I wrote the content, which is a bit changed from the slides. [
sometimes added spoken information not present on the slides to enhance the

clarity of my note.”(CP2, IQ1-1)

[EARRNZIZAT A RIZEVWTHD 22071V Y LT, BIZIZATA
RIZEWTARWHAEEDDOHHO L Z A2 0N ) X3 L5202 MA 7~
fEreEdy) £9,1 (CP2, 1Q1-1)

"I organized my summary note by following the lecture’s narrative from start

to finish, ensuring it would be easy to review later.”(QP6, 1Q1-1)

[FELTWAEZ L 2IEZEST, ELALRBEITEL I LILEST, 05
RZRIZREURT W ENEO R TEEEN LT VMR END 3D ITE
STENTE U] (QP6, 1Q1-1)

"I paid attention to making a summary note highlighting key points at a glance

when reviewing using bold fonts and underlining.”(EP5, 1Q1-1)

THOTE TSN TEEND NS EDIZTTh, KXXFIZUAEY, Bz
WD EMNLUT, SRR TVEIIZoOTWVSDELMVITIT) —bEEo
TWE XU (EP5, 1Q1-1)

Behaviors specific to participants in the explaining group

In addition to the common behaviors, participants in the explaining group exhibited
three distinct patterns when handling generated explanations. These included (1)
leaving the explanations unchanged, (2) modifying and placing them in appropriate
positions based on their judgment of necessity, and (3) completely deleting explana-

tions, either after reviewing them or without reading them. The behaviors varied not
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only between participants but also within individual participants, depending on the

questions.

I left (the generated explanation) because its content closely matched the lecture

material.”(EP9, 1Q1-2)

rzh (X nzinil) BRIGEZTE2IFFERIENZES5B 22 E-
TH2HROTHWHKUDEESLS/-DT, TOFFE/-EbETELED &
BoTIhzzed-nW>ZE&TT,] (EPY, IQ1-2)

"I completely erased the generated questions because the assistant continuously

generated explanations with identical content.”(EP7, IQ1-2)

[CNEZREUHABRRT > VL THRITICHTHT, BRANFEURNEZ LN
WERERAIVITESZDT, 2uEIRLUZEEDID T34, ZDI
X, 1 (EP7,1Q1-2)

"I copied and pasted the explanation after formatting because it clearly described

the social cutting experiment by Williams et al.”(EP8, 1Q1-2)

[EERONAED > ) XFIZEDPN TV ZDTINFIERL THRE % %%
ZTH->T, 9INPT >4TT, ) (EPS, 1Q1-2)

Behaviors specific to participants in the questioning group

I did not instruct participants to write answers to generated questions. Consequently,
some participants attempted to answer the questions by re-watching the lecture video
or consulting their notes and memory, while others chose not to write answers. Some

of them started to summarize notes again after they read the questions.

"Because I had already written content that included the answer to this question,

I skipped it.”(QP10, 1Q1-2)
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[ZNELH AN —UbP5D0E, BANERKFHEZIIZOWTEESIZ
X TWVIDTEIFENZNSWVNNE>THE->T, ] (QP10, IQ1-2)

"After reading the question, I revised my notes by erasing some parts, adding
content while watching the YouTube video, and reviewing my notes.”(QP1, IQ1-
2)

€5 1HB &> & YouTube 2 AT, HOMWREFIZENTSI X EEZ REL
T, DUBHICENTAXEZH LT, AIMATXENEL DL
EXHEUZ, 1 (QP1, 1Q1-2)

"I initially found this question difficult. I summarized the difference between
social facilitation and social inhibition using my notes.... I wrote this section

as an answer to the question.”(QP9, IQ1-2)

(RAIRZE ST LTS REMZ LB AT N, i &t/
MElDENE, EIX2256T3 0D WNDODSEZRZKIGE D DX
TLRBEMENDIDE, FOAENLELONITNVDONLBE->TELED
FU7~, () ZOERMICEZDEDOEX LTI (QPI, IQ1-2)

5.4.2 Participants’ positive reactions to the explanation-oriented
assistant
Positive impact of the explanation-oriented assistant on learning

The explanation-oriented assistant positively influenced participants’ learning in sev-
eral ways. As expected, the assistant highlighted points that participants had over-
looked in their summary notes and provided detailed and appropriate explanations.
It offered specific definitions of terms and additional details about the lecture content.

Several participants stated that the assistant was a helpful partner in their learning
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process. By using the Al assistant to write summary notes, participants were also able

to verify their understanding of the lecture material.

"I appreciated that the assistant generated passages I missed in my summary

note.”(EP5, 1Q1-5)

THADREL UTHEEESED ENSTWVD D%, Al BINEBIETCXYE
CLUTHULTNDAZDIETZIWDH )N /ZNWES>TWDINDIZENEL -, |
(EP5, 1Q1-5)

"I was grateful for having a system other than myself to check and review my
notes. This is because there was mno possibility that my understanding was

incorrect (after validation by the Al assistant).”(EP2, 1Q1-5)

TEHAYINZE D 1 DM RIRT ENHERTED LD RV AT LNHE-T
WHOEKRTIZT VDI B> TT, TOERMEE>THE2E L
NRNE N, BENEES T2 LAV > TV AlRE AR &
ERVNREND SDITEL DT, ] (EP2, 1Q1-5)

In the second interview, some participants noted that the assistant’s concrete ex-
amples and detailed explanations were helpful during the post-test. Two participants
mentioned that they should have utilized the assistant more effectively, such as retain-

ing the generated explanations in their notes instead of deleting them immediately.

"The post-test included questions about examples and the experiment’s content.
... (Generated) explanations (by the assistant) made it easier to review, and I

was able to recall them during the test.”(EP1, 1Q2-2)

MEBRIGRBRIC BRI & DEBOANBFZH LT DU BRWTTH, (FHlg)
ZTD (AIDVEKUZ) SRS S 7Z2N6Z D)) — b2 RRT L JITRRT
KT, ERICHERZNT VWD L X2, Thdho2ER>TWVIDIEK
XN EFH, ®oiEY. ) (EPL, 1Q2-2)
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“From my vague memory, the Al assistant wrote the experimental conditions.
I deleted them immediately, thinking they were unnecessary. But, I should have

kept them in my note as instructed by the assistant.”(EP8, 1Q2-3)

[(HE AIXANTTR, EZRAL Lo BIEATENLRATTITE, £
DERMEZENTINTLZEEDATT LR, T, RFTILELZVWEE ST
HRHPOLHULLXSZATTITE, £5bk2& AIDED Z L ZEW
T/ —MIBELTBTEEI o2 b ko BVE LA, ) (EPS, 1Q2-3)

Psychological influence by the explanation-oriented assistant

Several participants perceived the Al note-taking assistant as a reliable and supportive
presence. They expressed feelings of comfort and trust in the assistant. A participant
mentioned trusting the generated explanations because they aligned with his memory
of the lecture content immediately after watching the video. Other participants felt
the assistant was another person. They stated that the assistant’s focus differed from

a human’s perspective, making it feel like viewing someone else’s notes.

7 felt (the assistant) was comforting and reliable because it made searching for

information easier.”

[FIZZOFARND TS, BATWHIDN, ZNES T HEY 12
LZWAR->TWOERELIEH 72,1 (EP3, IQ1-3)

" think there is quite a difference between listening to a lecture and taking notes
on your own versus doing so in a group with others attending the same lecture.

It was like looking at another person’s notes.”(EP10, 1Q1-5)

EWZe, Ba—ATESEGM, BA—ATHZZEHVWTEGATE, Mt
ADFUHEEZ2ZITTCELEGH>TWVODIIMEMES LESATTIT L,
ADJ) = ERTHK3TLR, | (EP10, IQ1-5)
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Convenience of the explanation-oriented assistant

Several participants highlighted the time-saving advantages of the explanation-oriented
assistant. They do not have to copy and paste words manually when writing a note
because the Al assistant generates them automatically. Participants noted that sum-
marizing by reducing the generated content was quicker than creating notes from

scratch.

"I usually copy content at length and summarize it when taking notes.
Thanks to the AI assistant, the copying process was completed automatically.

. My working hours have become very short, and it is very efficient.”(EP9,

1Q2-2)

[BEE ) — N EMELHENMEZOEZOEFEIELT, 2620FVWEZE02HA
THREBENTE2AZVBEUILBESTDIATTTE, (), ALOB» S
TEIBEULPEIINTLESTZDT, (HE), fEEL VO TIERT I
KFK22DT, TILHRIFNCONZRLIFIEL E L7z, ) (EPY, 1Q2-2)

"It (summarizing a note by reducing explanations generated by the Al) is time-
saving compared to typing words to make notes from scratch. This time-saving

aspect was a great benefit for me.”(EP4, 1Q1-5)

(25 (AIVATLAWNEYVEANTINEZRDZE>TEI b LD LAY
—hMIUTEEDDI L) OAN BAINOLFEFLHDLFEZIT>TV &Y
F. A2ZZBEZFLOTVKDART IR 2 < TRAEOMEHIZE A
%%, REOEM > TS DIFT I RIVREENE U] (EP4, 1Q1-5)
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5.4.3 Participants’ negative reactions to the explanation-oriented
assistant
Distractiveness of the explanation-oriented assistant

Several participants were disappointed with the explanation-oriented assistants. They
found it distracting as they frequently had to erase generated explanations. They felt
that the assistant was redundant, as it generated explanations that repeated content
already written or previously generated. Although some participants initially appre-
ciated the assistant’s convenience and helpfulness, they developed negative opinions

after encountering repetitive explanations.

"The note-taking assistant frequently generated explanations with content that
had already been written (in my summary note). I felt I did not need such

behaviors.”(EPS8, 1Q1-3)

(e /) —HF2) EPNTVWBRILEBYERLTWSZ & (3IHH% 4Rk
FT528) Db EIWNHIWNWHOEZDTTNITNSBNES>TENEL ., |
(EPS8, 1Q1-3)

"At first, I thought the assistant was helpful as it summarized my summary
note as a memo. However, as I had almost finished making the note in the
later stages, it repeatedly generated similar explanations. Moreover, it wrote
full sentences while I used bullet points for clarity. To be honest, I found the

assistant a bit inconvenient.”(EP5, 1Q1-3)

MEDBODREENE, BAPAEZEITEVAEZEDZELHDTINTED
THIDBEZNZOTEHSZATTIFE, BEIIESTE D £ L OEENK
HBIZONT, AMUIEDFEDRLZ, AR ONY T V&S ICHEHTE
ITENTVDIDIIXETEHEMINT, EEHBZLEIAL k2 LHELL ST
Bz U7z, 1 (EP5, 1Q1-3)
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Negative opinions on the content and format of the generated explanations

Some participants became skeptical about the accuracy of the generated explanations.
They began verifying the content of the explanations by cross-referencing it with

the lecture video. To distinguish Al-generated explanations from their notes when

reviewing, they separated them.

"I felt slightly uncertain about the assistant’s accuracy since the generated ex-

planations were not content that I wrote referring to something.”(EP10, IQ1-5)

[YYVAR Y NeflioCTCTER-/-22 LTI, 7YAZY IRENWSZZ L
WEEDMANE A TENZEDTIERVDT, KYIZESD>TWVWDEDNARZY
IZRZ52TWHDIEFbL r-2&H) £, ) (EP10, IQ1-5)

" left the top and bottom brackets to indicate that the Al created this part, not

me.”(EP1, 1Q1-3)

[(EE TORFEIMIZOTMIFELTET LA, TIIRAIICE>T (fEbhz
HEDT), HADDURRAL>TWH DK, HATRTH»NSD EHI1IZLT
94, ) (EPL, IQ1-3)

Additionally, some participants criticized the length of the generated text, not-
ing that it was time-consuming to read and evaluate within a limited timeframe. A

participant mentioned that the text format was difficult to understand.

"Although I appreciated the assistant in the early stages of writing my summary
note, I found it time-consuming to judge whether lengthy explanations should

be kept or discarded, as time was limited.”(EP5, 1Q1-3)

(S FE LD ) — NE2ERIZTDIZH > THRBIFIERD 272D T, BEVWX
BETERINZEDEENND L, GLATRAT D Z25TW D HEER
ZULRIDXVITRVIEERb Lo E2-0WEWEH > T, FlEETT
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R, FIEIEE DB TERSEZATTIFE, LERVWELA, ] (EPS5,
1Q1-3)

"The long texts generated by the Al were not easy for everyone to understand

during the review.”(EP6, 1Q1-3)

TAIDMEDTLKBAT, Z6—2 X >TLKBAT, RIRUZRFIZHEDN
RTERPPDRT VTV TIEBVATY &4, (EP6, IQ1-3)

Relationship between the generated explanations and the sense of learning

I asked questions about the influence of the summary note and the explanation-
oriented assistant after participants finished solving the post-test as listed in Section
4.3.4. Several participants left negative comments to the assistant, reflecting on their
notes and test results. They highlighted the differences between the assistant’s ex-
planations and their notes, stating that the Al-generated content felt objective and
detached, making it harder to remember and understand. Two participants likened it

to reading a textbook.

’(The Al-generated explanations) had no connection to my memory (of the lec-
ture). I felt like I was reading a textbook, as the explanations’ style differed from

my summary note. This made the process of understanding less smooth.”(EP2,

1Q2-2)

(2o XD) (AITDERL ZXED) BHATEHEOZHRE WD Ml E 2R
MEBNENDDE, TNIEXEDEL ENNRXIEY BHDAE L&D
HANENZHDLIFEIDTOLTOLABEZHEINT VD LD HREK
U, B PNEE TR ZEZEFTARALA—ATIE AN -0 7% BWET, |
(EP2, 1Q2-2)

"(The Al-generated passages) felt objective because I did not write them.”(EP7,
1Q2-2)
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TAL 7Y AR Y SWERUZEDIE) B TESZZ2 U2 R0NnG, Kl
MR FIHR U2 < Tyl (EPT, 1Q2-2)

Most participants copied and pasted generated explanations, as noted in Section
5.4.1. However, the method of copying and pasting influenced their sense of compre-
hension. Explanations that participants merely copied and pasted without modifica-
tion were more complicated to recall compared to those they actively reviewed and

positioned appropriately in their notes.

"The parts I wrote myself were easier to remember. In contrast, the sections
generated by the Al and copied without modification felt like something I might
have heard before.”(EP2, 1Q2-1)

[Pl )HANTEN 2 ZAEEEVVELYTho/~2TT L, AITVA
AV RNTH =Y eE N XEEZIERLZEZAF, HIAIEEN 2078, <
50D LCTU, | (EP2, IQ2-1)

"The parts I extracted and positioned appropriately were easy to recall. How-
ever, the explanations I just copied and pasted had little effect on my ability to
remember the content.”(EP2, 1Q2-2)

THATYDRY U & U AHRIER I EV B UETN, 20FF
F5o0 oL TIEREZ FTROHGT EDNERBIZOARR N W
D&, EITERVNREWVWS KU TULZ, ] (EP2, 1Q2-2)

Inaccuracies and missing information in the summary notes

The Al note-taking assistant also affected the scope of the participants’ reviews. In
the second interview, several participants mentioned discovering missing or incorrectly
summarized parts in their notes after the post-test and chose incorrect options in the

test. Other participants noted that they had focused too much on minor details while
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neglecting more critical points. Additionally, the assistant lacked the ability to identify

inaccuracies in the learners’ notes.

"Regarding social psychology, I wondered, "Was this part really mentioned in

the lecture?’ I realized I had forgotten this part.”(EP7, 1Q2-1)

[ZDOHENZLITOTWVD EIAD, BANIARIEHSZ21074-
TV I BREU T, LT TR TRUTLA, I (EPT, 1Q2-1)

"I felt that the assistant lacked the functionality to point out parts where I had

an incorrect understanding.”(EP1, 1Q2-1)

THAMRMESTEATDIL2HEMULTI NGO (7Y AKXV MIIF)
AEBZN>TVODIEL o &L £ U4, ] (EPL, 1Q2-1)

5.4.4 Participants’ positive reactions to the question-oriented
assistant
Positive impact of the question-oriented assistant on learning

I observed that the question-oriented assistant helped participants identify missing
parts in their summary notes, as expected. However, only one participant explicitly

reported this effect.

"Not all of it, but the generated questions made me realize areas where I needed

to add more details to my summary note.”(QP4, 1Q1-3)

(A TEBRVNTT L, (HR) KT ILRd, 22856 %o
EENVEWVWEENRDVDNRENOTWND EZIADEMEIZRY FU 4, |
(QP4, 1Q1-3)
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The Questions generated by the assistant also supported participants’ understand-
ing and memory retention. Several participants stated that answering these questions
could deepen their understanding of the lecture’s content by watching the video and
reviewing their notes and memory. This process helped them understand the content
more accurately and recall it effectively. In the second interview at Stage2-3, some
participants mentioned that they could easily recall the content related to the ques-
tions during the review phase in Stage2-1, which helped them answer the post-test

questions.

“(The Generated questions) were one of the factors that deepened my under-
standing. All red characters (questions) prompted me to transform sections

with just words into complete sentences.”(QP1, 1Q1-3)

ARSI NZERIE) BRI ) TN —ZRIZE 2R o
TEd, TNTNORFOEHT, EHmMETIRAMNEREEL N2
BENVWTHHOLZATTITE, TOIVSERFZOYR—IRHo~ ETEN%E
XHEALTEDERK, FIoNTIZRSEZNRE N> ZONEM, £ TOR
FIIRHUTES BWVWE LU~ ] (QP1, 1Q1-3)

"Because the assignment or question came soon from the Al assistant, ..., |
found it impressive that my knowledge retention improved through reviewing

(my summary note), thinking, and answering.”(QP2, IQ1-5)

[SENEAI T VAR Y MZE-T, &4 L) —TiED D WVIFERM KD
DT, (HIg) HE/ —F2RVIEY, BRI THhoY ELnESOH
TRETZ, £25, B22HToTOIHBIZE VT, TORHBOEEN
FOBESE>TVD L ZAWERICHEEN S22 ZA5TTh, | (QP2,
1Q1-5)
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"Sections where the Al asked questions and I summarized by myself were easier
to understand than the memos I had written below. I felt that (these sections)

were easier to understand.”(QP7, 1Q2-2)

TAT RN TC K NTHOWEBREILO WSO AN, TOTOEDIENT
BHAELIDERDED LD TVERMLPLUFE U, HOTHEIZASTE
RTWVLOTWIELIEFHY FU~Z. 1 (QPT, 102-2)

Some participants viewed the questions as opportunities to enhance their skills in
creating summary notes and writing outputs. One participant noted that the ques-
tions revealed difficulty articulating answers, even when they thought their notes were

complete.

I found (the note-taking assistant) very convenient. Questions like "What is
this?’ forced me to think and output answers, which I realized was beneficial
because I sometimes could not write an output when asked again, even if I felt

like I had finished summarizing.”(QP7, 1Q1-3)

(TN (FATAVITIARYN) BADNT OWEFERZREBvWE L~
R, POEVHEHDTELEOAEZKRIIZR>TTEH, HOTHDOND EBRADND
FLTIURNTY RTELRDS/ZD)S5TWVD ZEeNRHDHDT, MWHKIZZ
ACETMOTESAATINEZLENT IR TY hIELNDDT, HAD
ZDIZRBEZDONE>TVIRIFLE U] (QP7,1Q1-3)

"The questions encouraged me to think profoundly and summarize the content

in my mind.”(QP3, 1Q2-2)

(7Y AZY "OPVERLUZEMIE) B HOFTXELZIHDEZ T, XHIZEN
DHRTEFEHD, FLOOLNDEZOTWHIEENRH> L EVET, ] (QP3,
1Q2-2)
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The assistant also helped participants improve their notes. By answering the ques-

tions, participants created notes that were clearer, more detailed, and easier for others

to understand.

"Answering questions that asked for objective opinions or clarification and were

generated automatically made my summary note clearer and more understand-

able.”(QP1, 1Q1-5)

[EEERAD S &, FERAER & DEBNAZRTOD T by 23X
EM. ZOVIDEMONTTINDDT, EEETIZETLHEFIC, H
SHIIARTVEDNRTEDZDNE>TWVIDNAE -2 LT, | (QPI,
1Q1-5)

"The assistant’s support improved my note summarization.”(QP7, 1Q1-5)

[TV ARY NUTNEZAREDBWEEDIZRZ2ONGLEENEL~, |
(QP7, 1IQ1-5)

Psychological influence by the question-oriented assistant

Some participants reported psychological benefits from using the question-oriented
assistant. One participant stated that the assistant motivated them to write better

summary notes, while another felt the assistant provided a supportive presence.

"The experience (of using the Al assistant) motivated me to use it again for
taking a summary note because I gained an achievement that I could write a
better note by using it. The great merit is lowering the effort and barriers

to writing notes because I can write better by simply answering the assistant’s

questions.”(QP7, IQ1-5)

[FTN (AIT7VAZ Y N 2SS Z8) 2 1EBBLELSZE T, ALIZT
VARV RNLUTE L2 6FLONELI)ELS 2TV XD REENSTE
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DT, RIZEFLDERIIL Lo —HKALICAIfH>TRE>TWV D &
TEEEAFIZRDZDE, MIOPLEONIFTINDIAT, THIIHLTE
ZBEITTENZRDITAERS>TOKDT, N—RILDIKX, oL Fk
HDBE—ATRDEE>TNIDLNIE, AZ—hEvYatE> L, X5
DFEME TN >TWVS DT TWFHIENRE BNnET R, | (QPT7, 1Q1-5)

"The assistant felt like a guide, highlighting points to focus on for the post-test.

It provided valuable support in creating near-perfect notes.”(QP4, 1Q2-2)

[BFSER o 2 FIZ, AT TV AZ Y M OTZ LTS NT, KED-
DIZZZ 22 EVVEAZWLRA AT LIIN AT R5EEEIZT S,
(), HR—FE2 LT NAZ>TOIMESIITY, | (QP4, 1Q2-2)

5.4.5 Participants’ negative reactions to the question-oriented
assistant
Low quality of the generated questions

The low quality of generated questions is one of the problems. Participants reported
having a negative impression of the note-taking assistant because it often generated
questions that had already appeared once, and several questions seemed to be unim-
portant and unrelated to the lecture. They also stated that the questions were complex

and advanced.

"The number of automatically generated questions increased toward the end (of
Stagel-3). Because (the assistant) generated similar, unrelated, and unimpor-
tant questions, I felt slightly confused and panicked due to the 30-minute time
constraint.”(QP3, 1Q1-3)

(Fed/—hr2ESFHO) REOFIFEHBEKRDHFELHEAT, LS
BEMED, BERRNTHAS, HEVHETRVEESEDE T
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X/ZDT, B2 RILULAZEWDI D, 300 WSHNEDH>ZAT, T
IThiolEo>TWH0EHY 94, ) (QP3, IQ1-3)

”[ found the questions requiring passage writing generated by the Al assistant

difficult.”(QP3, 1Q1-3)

TAIDT VAR Y N&ffi5 2 LT, XEME B TXEZEZEVWTHETS
FMIENHDEDEIALERZR>TWOIDT, blrkotrD#HLIZKUF U,
(QP3, 1Q1-3)

"While (the assistant) helped deepen my understanding of the lecture, it did
not directly help me perform well on the post-test. Because of the Al-generated
advanced questions, I could deepen my understanding (of the lecture). However,
I do not think the assistant directly helped me get a high score (on the test) as
the test lacked descriptive questions.”(QP5, 1Q2-2)

RTINS 728N U TWDB AT D, FERIMIZTANMIEHED W
LBMOIZRENVDEEDNH > T, Al BN U TS NAZDPFREIEIZ DR
N5 EDBEMMEN>-0T, BIEONOENTTHEE >N R L
FESATTIFE, EBEOT A MHERHEE 2 BRNDT, TARIZHE
BRI DEH > TW S FIRIEZ T TRV, ] (QP5, 1Q2-2)

Distractiveness of the question-oriented assistant

Several participants found the assistant distracting due to two primary factors: ob-
structiveness and psychological burden. They perceived it as obstructive because it
generated questions abruptly, disrupting participants’ focus on writing notes, watch-
ing the video, or thinking. The assistant cut their concentration because it directly

wrote questions on their notes with noticeable red characters.
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"This is entirely my opinion, but I found (the assistant) slightly inconvenient.
It was not pleasant because (it) interrupted me while I was trying to write what

I wanted.”(QPS8, 1Q1-3)

[ZNFERIIRDOBRE NI NEU FRATTITE, (AT 7T
ARV NI B BENES>TESBDNWELAE, HADFZL WD
N FBILWIERHOTEHENTLHIHT, MILrOHBANONTD LD 2
U FTZ2LUTULEST, HDAFVELWVWEDTIEARR>Z0ELNERNT
9.1 (QPS, IQ1-3)

I don’t perceive (the note-taking assistant) as having contributed. The reason
for this perception is that it seemed inconvenient and hindered my thinking

process last week. I wouldn’t describe the assistant as user-friendly.”(QP6,
1Q2-2)

[(ZA T4V T TYARY M) FHZEBRU 72 20D BillERF > T zan
ToR, BMELULELTE BHEEHFVR, ZOAITVAZY IBE
HLHMEWD EREELBEND D, BEREMALND, TOX D ZHIRN
HYFELT, HEVHOBEFELINNZRE VD SDIZES>TOARNTT A, |
(QP6, 1Q2-2)

Participants also experienced a psychological burden from the assistant. The dual
pressure of completing their summary notes within the 30-minute time limit in Stagel-
3 and feeling compelled to answer the generated questions created stress. At the same
time, when they found several generated questions, they felt the assistant was rushing
them to answer the questions and write notes. These two factors gave participants
a sense of distractiveness, and they felt the assistant disrupted their learning pace,

understanding, and writing notes.

"This time, I felt a psychological burden because I had to take my note under

time pressure within a 30-minute limit.”(QP8, 1Q1-5)
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[SENE 30 3> T D IREMNH D H T, REIEDNZAR LR LR E DWW
FRINS7ZDT, b o HIZREHEEWS D] (QPS, 1Q1-5)

"When I scrolled down while I was summarizing at my own pace, I encoun-

tered several pending questions, which made me feel rushed to address them

immediately.”(QP9, 1Q1-3)

[ DR—ATELDOHTWVBRE XL TENIAZO=INLULAEYTB L,
BRIDER. 2l EoTCLEo~0THL, TITHIGLAZT DN
BN ENENE U1 (QPI, IQ1-3)

Inaccuracies and missing information in the summary notes

A participant noted that the assistant failed to generate questions about key lecture

topics. This omission led to gaps in participants’ understanding of these areas.

"Because the Al assistant did not gemerate questions regarding Zajonc’s drive
theory and the social cutting experiment by Williams et al., I think it contributed

to my unclear understanding of these topics.”(QP2, 1Q2-2)

TEARBNZZ DR A, FATVAEDD, HETL VT LAATTR, TDH
)W & o L BARINIZ ATD B THEME 1 >728 DT, TOMHMENS &
S EBIRZ S22 TV A S IZIEEWE T, ) (QP2, 102-2)

5.4.6 Improvements for note-taking assistants in summary
note-taking

To identify areas for improvement in the note-taking assistants, I asked participants
from both the explaining and questioning groups the interview question 1Q1-5 (as

described in Section 4.3.4) during the first interview.
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The explanation-oriented assistant

Participants provided several suggestions for improving the explanation-oriented as-
sistant. Regarding the content and format of explanations, one participant proposed
adding sources for the generated explanations to enhance credibility. Others suggested
that the assistant present explanations in bullet points instead of long text, making
it easier to identify key points. Additional requests included automatic organization
of note layouts, autonomous note generation, and a feature to generate explanations

corresponding to a section where a user clicked in the note.

”Since I prefer notes in bullet points that focus on key points, I would find ex-

planations formatted as bullet points more helpful than lengthy passages.”(EP5,
IQ1-5)

(FADIGEIFBRATTITYE, XETHIND IV EEEZK O THSLEST
ENTHIWEA THROT, XETHIND L) OEEESTELEZ
EOTHULTE 20 E LW R >TERWET R, | (EP5, IQ1-5)

"While the Al is intelligent, it occasionally makes mistakes. ... I would like
a feature that adds sources to the generated explanations to improve reliabil-

ity.”(EP8, 1Q1-5)

AT > TEWTT T ELLWE L WHESZDVTEDT, TOHRERDIE
W, (HHE), EIMLHSTEZDONS>TOIDONRRNE &, TD Al WNE
WAEXEDEEENEUTEDXEMEID B >TROGBAIZEASDT, €
SV EEREAS WA L BWE U2, ) (EPS, IQ1-5)

The question-oriented assistant

Similar suggestions raised for the explanation-oriented assistant, such as automatic

layout organization and autonomous generation of explanations, passages, and notes,
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were also mentioned by participants in the questioning group. A unique request from
this group was for the Al to correct learners’ answers to generated questions. Partici-
pants also suggested features for notifications when generating questions and pointing

out simple mistakes.

"I wrote several answers, and it would be helpful if the AI could provide feed-
back, such as asking 'What does this mean?’ and offering corrections to my

answers.”(QP2, 1Q1-5)

(EZERDOFTOLONESZULAZTEE, JKHT 2HNHIBEREE 1 E
Horb, THFEEDIWVDIERTINED, ZIIHEWVWDETI HIZHRHE]
EWVNDID, AT TIHMENZETDEDBIYATANRD > 58050
BRENVDISIDIZBNFELA, 1 (QP2, IQ1-5)



Chapter 6

Discussion

6.1 Discussion of the qualitative result

Except for the change in character count from the beginning to the end of the note-
taking process, there is no significant difference in the qualitative result. Therefore, it
is difficult to state a conclusion for whether using a writing assistant in summary-note
taking is effective or not and whether the question-oriented format or the explanation-
oriented format is better.

I expected that the explaining group’s total number of characters in the com-
pleted summary notes and its change would be more significant than the other two
groups because participants in the explaining group could copy and paste generated
sentences. However, the statistical result was partially different from my expectations.
Regarding the total characters, this result stems from the fact that some people found
the explanations unnecessary and deleted them. In contrast, regarding the change in
character count, several participants left generated explanations in their notes without
examining their content closely. The cost of writing characters was relatively lower

than other groups’ participants, and they wrote more sentences.
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Figure. 6.1 The box plot of the total number of characters before starting to write a
summary (at the end of Stage 1-2)notes across the control, explaining, and questioning
groups. A green line in the box is a median, and a green triangle is an average.

I found a statistical difference between the explaining group and the control group
in the change in character, not the total number of characters. Scarcity of the total
number of characters at the end of Stagel-2 in the explaining group could be one of
the factors of the statistical difference as shown in the Figure 6.1. It is possible that
participants in the explaining group and the questioning group thought that they did
not have to take notes seriously during Stagel-2 due to the existence of the writing
assistants.

Regarding the quality of notes, I could not find a significant difference. From
Figureb.2a, all three groups got high scores (the maximum score is 24 points). This
implies that participants improved their notes to a plateau level across all groups. As
the reason for this phenomenon, I found that note-taking time, including Stagel-2 and
Stagel-3, was slightly longer for making summary notes.

In the research by Danry et al. about the Al assistant supporting people’s judging
based on logical thinking, it reported that the accuracy of judgment was highest in
the order of the questioning assistant group, the explaining assistant group, and no
assistant group, and there are significant differences between the three groups [13].
However, in this research, there is no significant difference in the scores on the test

across the three groups. Omne possible reason for this is that short-term memory
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strongly affected the score because they took the test after just 5 minutes of review at
Stage 2- 1. The fact that there is no statistical difference in the quantity and quality
of notes and all participants reviewed almost the same quantity and quality summary
notes could support this reason. In a previous study where participants watched a
short lecture video, wrote notes using a system, and took a test immediately afterward,

no statistically significant differences were also observed between the groups [15].

6.2 Human-Al relationships in summary note-taking

Past studies warned about the harmfulness of over-use or over-reliance on Al technol-
ogy [4, 9]. Kobiella et al. reported that the use of ChatGPT caused problems such as a
decline of ownership, a decrease in sense of challenges, and unremarkable achievements
to a part of knowledge workers [33]. I also observed humans’ dependency on Al and
its adverse effects from participant behaviors during note-taking and the interview
script. In both the explaining and questioning groups, several participants could not
understand and remember parts that the Al assistants did not mention. This result
is similar to the findings that Al-generated images limited the number of ideas, the
range of variety, and the originality in a visual ideation task [50]. Several participants
in the explaining group unquestioningly believed in generated explanations and left
them on their notes. This phenomenon was also observed, especially in participants
with low cognitive reflection in the research by Danry et al. [13]. Some participants in
the questioning group stated that they wanted the assistant to automatically generate
explanations or notes.

These behaviors represent people’s harmful dependency on Al. Past studies showed
AT assistants with biased models influenced writes’ output [24, 44], and T could observe
the strength of AI’s influence on people’s writing and cognition also in this research.
From the observation of participants, not questioning the truth or validity of Al's ex-

planations is the risk that Al spreads misinformation, as warned in a previous work [9].
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Additionally, these passive attitudes, such as only copying and pasting text without
thinking, are not preferable for learning. In contrast, a questioning style does not have

these problems and is one of the solutions to the challenge: human dependency on Al.

6.3 Design implication

A major concern participants reported was that the assistant distracted them, men-
tioned in Section 5.4.3 and Section 5.4.5. Many participants stated that the assistant,
who inserted once-generated explanations or questions that were already written in
notes, was not only not helpful but also interfered because it cut their concentra-
tion on writing notes. The assistant must continue to generate new explanations or
questions for users so as not to frustrate them and to improve their motivation. Com-
prehensiveness is also an essential feature for designing writing assistants for summary
note-taking. Participants in both the explaining and questioning groups mentioned
that the explanations and questions’ bias toward specific parts of the lecture limited
their learning scopes. Although it is unavoidable to tolerate dependency on Al, at-
tributing human nature to some extent, the Al assistant at least should not cause
harm to learners.

The interface is one of the critical factors when designing assistants. The assis-
tant directly generated explanations and questions on participants’ notes, frustrating
several participants. This is because the assistant hindered them from focusing on
writing notes and organizing their notes neatly in their own way.

Displaying explanations and questions on the side of a page, like the comment func-
tion of Google Documents, is effective. Additionally, several participants overlooked
a generation of explanations and questions. Therefore, we should consider displaying
notifications in a way that is not intrusive but still noticeable at the time of generation.

I found several points that need improvement from the two interviews regarding

the explanation-oriented assistant. Because long and complicated explanations de-
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mand participants’ high cognitive cost [15], Participants preferred explanations with
short sentences, bullet points, and simple language. Participants tended to copy and
paste generated explanations without deeper thinking and reported that this was a
meaningless activity for learning. In another opinion, some participants wanted the
source of generated explanations because they were suspicious of AI’s accuracy. There-
fore, if we adopt the explanation format in summary note-taking assistant, we have to
add features to prevent unquestioningly trusting Al’s explanation and ensure learners
remain active in their learning process.

Regarding the question-oriented assistant, we have to adjust the questions’ diffi-
culty and labor to answer and the number of questions. Questions that are too difficult
and give learners high cognitive cost to answer are unsuitable for sustaining learners’
motivation. There is also an opinion that the assistant was threatening. Thus, it is not
desirable to generate questions mechanically one after another. The writing assistant
needs to adjust the learners’ speed and abilities.

People naturally tend to take the easy way out. However, learning needs cognitive
cost. Both human nature and the burden of learning are in the trade-off relationship.
Also, in summary-note taking, we must balance convenience and dependency and the
learning effect through others’ perspectives and enhance motivation through Al writing
assistants. Imposing tasks with appropriate cognitive cost on learners is effective
[10, 21, 53] and I believe this also applies to the writing assistant for making summary
notes. It will also be effective to think of a situation forcing learners to use the
writing assistant or giving a reward and heighten the learners’ understanding of the

effectiveness of summary note-taking and utilizing assistants [55].

6.4 Limitations

I could not find significant differences in the quantitative indexes across the three

groups. I cannot conclude that the writing assistant does not positively or negatively



6.5 Future work 54

influence learning productivity. There is a possibility that the settings of the user study
or defects of the assistant, such as generating similar explanations or questions, are one
of the causes for the qualitative result. There are improvement points about the user
study, such as that the video lecture was for high school students and was easy for adult
participants, the length of the time of note-taking was long, the effect of reviewing
notes just before the test had a strong impact, and the number of participants was
limited. The writing assistant also has improvement points, such as generating similar
explanations or questions and the unnatural characteristic of generating at regular
intervals.

I should measure more results such as abilities such as memorizing and other
subjects, as well as the long-term effects and cognitive loads. The test only asked
selecting questions and measured participants’ knowledge and understanding of the
lecture content. However, there are other abilities that learners should acquire. We
should assess these abilities at the test and so on based on a framework for learning such
as Bloom’s Taxonomy [1, 2, 26, 34]. Learning is not only for art subjects; there may be
different results if writing assistants are used for scientific subjects such as mathematics
and biology. Moreover, learners usually need to spend a lot of time mastering one
subject and succeeding in examinations for admissions and qualifications. It is essential
to measure the long-term effects of change in learning output. In this research, I
mainly focused on the output of learning and learning outcomes. However, sustaining
the motivation of learners and cognitive loads, which is one of the factors declining
motivation, is also essential. We should quantify motivations and cognitive burden

using summary note-taking assistants such as NASA-TLX [22].

6.5 Future work

In the future, I want to conduct the user study for measuring indexes described in

Section 6.4 using writing assistants for summary note-taking with notifications based
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on the items mentioned in Section 6.3. The ideal image of the relationship between
human learners and the Al writing assistant is collaboration. Human learners should
not rely too much on the assistant and gain merits. I hope the positive cycle of
summary note-taking with assistants that people feel the merits, such as completing
high-quality notes, getting good scores on the tests, and gaining a sense of accomplish-

ment in learning by using the assistant, and then they spontaneously utilize them.



Chapter 7

Conclusion

I developed a note-taking system with writing assistants for summary note-taking,
which generates explanations or questions based on the learners’ notes and the lecture
content. I conducted the between-subjects user study with three groups (the explaining
group, the questioning group, and the control group). The user study mimicked a
lecture: participants watched the same video lecture, took summary notes using the
system, reviewed them, and took the test to assess the learning outcome one week
after writing summary notes.

Almost all qualitative results, such as the number of characters, the quality of
notes, and the learning outcome, did not show significant differences across the three
groups. However, from the interview scripts of the participants, I found the posi-
tive and negative features of the writing assistants and the format of explaining and
questioning. They noticed the missing points in their notes and their understanding
of the lecture due to explanations and questions by the assistants, as I expected. In
contrast, the assistant gave several participants an impression of distractiveness and
narrowed down the learners’ scope of learning. I observed people’s dependency on Al

as a negative side but found its positive effects on learning.



57

Finally, I proposed the design implication of writing assistants for summary note-
taking based on the analysis of the interview. The ideal design of writing assistants is
leveraging the usefulness of Al while controlling the negative aspects, such as depen-

dency in summary note writing.
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