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Critical thinking, which requires logical analyses on the problems and keeping open-minded to others’
viewpoints, is a crucial skill when participating in online discussions. While existing works have explored
visualizing the components of an argument in a map, i.e., argument map, to support critical thinking tasks,
few of them have incorporated educational elements that aim at training critical thinking in online discussion.
In this paper, based on a formative study (N = 57), we develop AMQuestioner, a critical thinking training tool
that allows question-driven interactions with argument maps automatically extracted from a post thread. In
AMQuestioner, users can explore others’ claims with a chatbot via suggested questions and conduct critical
thinking exercises by answering generated questions related to any claim in the map. A mixed-design study
(N=24) reveals that, compared to a baseline tool without question-driven features, participants after training
with AMQuestioner demonstrated significantly more improvements in independently writing arguments that
are detailed, specific, and relevant to the topic. Participants with AMQuestioner also exhibited a stronger
inclination toward open-mindedness to others’ arguments during the three-days training process. We discuss
design implications for future critical thinking training tools.
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1 Introduction

Critical thinking is crucial skill for university students [3, 18, 21, 31, 70, 76]. Two key components
of critical thinking are logic and open-mindedness [43]. Logic is the ability to analyze problems and
evaluate arguments [26, 28, 34], while open-mindedness means being willing to consider new ideas
and different viewpoints [19, 27, 30]. This paper focuses on critical thinking in online discussion,
e.g., conversations on politic events or social issues via comments under news articles or posts in
forums, which is an informal learning context outside classrooms. In this context, logic requires
a critical thinker express reasoned opinions, critically assess others’ arguments, and distinguish
between misinformation and facts online [22, 26, 28]. At the same time, open-mindedness expects
them to keep open to diverse perspectives, understand that one’s viewpoint may differ from others,
and recognize the validity of different arguments [19, 27, 30].

Given such requirements, conducting critical thinking is often challenging for many people.
Existing work in Human-Computer Interaction (HCI) has explored various ways to supporting
users in critical thinking tasks, e.g., providing adaptive feedback in writing an argumentative essay
writing [32, 78], prompting critical thinking questions during paper reading [60], and building
social chatbots to debate or discuss certain topics with the users [67]. This line of work focuses on
providing users with in-situ and adaptive assistance, aiming to improve their performance with
external assistance in the current critical thinking task session. However, users would gain more
benefits if they could get trained with critical thinking skills in the current task session, such that
they can perform well in critical thinking without external support in the future.

To achieve such a goal, educational elements like asking questions and providing feedback should
be incorporated into the tools, as do in previous tutoring systems for answering children’s why
and how questions [45], learning programming concepts [81], learning factual knowledge [64], and
so on. Argument mapping is one educational tool used in classrooms for training students’ critical
thinking skills [35, 39, 72-74]. It uses nodes and connecting lines to clearly illustrate the different
elements within an argument, such as claims, premise etc., thus aiding in the comprehension and
analysis of complex arguments [17, 71]. Outside the formal learning contexts, e.g., in classrooms,
existing work or online platforms has started to visualize the arguments or online discussion with
nodes and edges like those in an argument map (e.g., Kialo !, VISAR [89]). Nevertheless, these
platforms or online work mainly aim at improving user performance in the current argumentative
writing task with Al support, instead of training their skills for independent critical thinking. In all,
there is a lack of understandings on how to train critical thinking with argument map, adaptive Al
support, and user-generated content in online discussions. Addressing this gap can provide insights
into leveraging rich online content as informal learning resources and designing critical thinking
training tools.

To fill this gap, we first conducted a formative study with 57 respondents to understand their
challenges and needs for support when conducting critical thinking in online discussion. The
results revealed that users often struggle to grasp the core ideas and structure of lengthy online
discussions, and they desire more structured guidance and interactive support to analyze arguments
and develop their critical thinking skills. Building upon these findings, we propose AMQuestioner, a
technical prototype that automatically builds an argument map based on comments under each post
thread and provides generative questions and feedback to train critical thinking. In AMQuestioner,
users can check diverse perspectives on the discussed topic by checking the claims, premises, and
counter-arguments in an argument map. Users can select any specific claim on the argument map,
and AMQuestioner will prompt a large language model (LLM) to generate guiding questions to
help them think critically about that claim. AMQuestioner also offers generated exercises while
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users are exploring the argument maps. These exercises are designed to guide users in analyzing
each viewpoint and their arguments in depth, identifying potential logical fallacies or insufficient
evidence. For example, users might be asked to identify the main claim of a specific argument,
evaluate the strength of the supporting evidence, or propose counterarguments. AMQuestioner
prompts a LLM to provide feedback on user responses, highlighting areas for improvement and
reinforcing correct application of critical thinking principles.

We conducted a mixed-design study (time as the within-subject factor, tool as the between-subject
factor) with 24 undergraduate students to evaluate the effectiveness of AMQuestioner in fostering
critical thinking skills in online discussions. We compared the performance of participants using
AMQuestioner to a baseline group that offers the constructed argument map without generated
questions and feedback. Our results indicate that participants using AMQuestioner demonstrated
significant improvements in their ability to analyze and evaluate arguments, specifically in terms of
persuasiveness, specificity-justification, and relevance. Additionally, AMQuestioner users showed
enhanced open-mindedness and expressed a stronger willingness to engage in critical thinking
during the three-days training process. These findings suggest that question-driven interactions
could transform how users engage with argument analysis, moving beyond passive consumption
to active critical evaluation. By combining Al-powered Socratic questioning with visual argument
maps, we show that technology can scaffold the development of transferable critical thinking skills
rather than merely supporting task completion. This finding points toward a new paradigm for
leveraging social media content as authentic materials for training critical thinking skills in an era
of widespread misinformation.

In summary, this work makes three contributions to the CSCW community. First, we design
and develop AMQuestioner, a novel critical thinking training tool powered by comments in online
discussion and large language models. Second, our mixed-design user study demonstrates the
effectiveness and usefulness of AMQuestioner compared with a baseline tool. Third, we offer a set
of design considerations that guide the future design of the interactive system training critical
thinking skills with community data.

2 Related Work
2.1 Argument Map for Critical Thinking

Critical thinking can encompass three core aspects: critical analytical ability (evaluating information
and logical arguments), open-mindedness (considering multiple perspectives), and critical thinking
disposition (motivation to engage in critical thinking) [10]. These critical thinking skills can help
people process complex information and form their own thoughts in daily life, and promoting these
skills has been an essential goal of higher education [52, 56, 69]. One effective tool for promoting
critical thinking is argument map (AM) [73, 74], which represents arguments as directed graphs
with nodes (propositions) and edges (relationships). For example, van Gelder [73] conducted a
meta-analysis that includes 26 pre- and post studies of AM-based instruction in a one-semester
critical thinking subject. In fifteen of these studies, students took a subject in which AM was
the primary or central activity, with lots of homework activities, and with instructors with high
proficiency in AM. The analysis suggested that such AM-based instruction could improve students’
learning gain in critical thinking [73]. Despite its benefits, the traditional AM-based instruction
usually require extensive efforts from human instructors to prepare the learning materials, monitor
students’ progress, and provide feedback.

Prior researchers have developed various intelligent systems to ease the human instructors’
efforts in AM-based instruction and explore the usage of AM in supporting critical thinking tasks.
For example, Butchart et al. [9] developed a system that provides automatic, real-time feedback on
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students’ progress as they construct their maps of an argument. They showed an improvement in
students’ critical thinking in a single semester undergraduate critical thinking course [9]. However,
the system’s feedback is limited to a binary “correct/incorrect” response without detailed expla-
nations, and it struggles to handle complex, multi-layered arguments [9]. With models trained
for argument component and relation identification, Wambsganss et al. [79] developed AL, an
adaptive tutoring tool that provides students with feedback on the visual argumentation structure
of a given text. They found that students using AL wrote more convincing texts with better formal
quality of argumentation compared to the ones using the traditional approach without automatic
feedback. Similarly, Zhang et al. [89] developed VISAR to support users in argumentative writing
tasks. Powered by large language models, VISAR helps writers brainstorm and revise hierarchical
goals within their writing context, organize argument structures through synchronized text editing
and visual programming, and enhance persuasiveness with argumentation spark recommendations
[89]. However, either AL [79] or VISAR [89] aim at improving user performance in the current
argumentative writing task with Al support, instead of training learners’ critical thinking skills so
that they can independently perform well after the training sessions. Besides, the work mentioned
above did not make use of the rich collective arguments in online discussions, which represent
diverse human viewpoints and could be valuable for AM-based critical thinking training or writing
tasks. It remains unknown how to train critical thinking with argument map, adaptive support
based on Al technology, and user-generated content in online discussion.

Our work is motivated by the benefits of argument maps for training critical thinking. Different
from previous work that explores argument maps for supporting critical thinking tasks, we investi-
gate the integration of the map, the Al-enabled educational elements (e.g., adaptive questioning and
feedback), and rich online discussion data to cultivate users’ critical thinking skills in the training
sessions. Our goal is to improve users’ critical thinking performance without external support after
the training sessions.

2.2 Question-Based Interactions with Tutoring Systems

The rapid advancements in large language models (LLMs), such as GPT-4, have opened new
possibilities for question-based interactions by enabling systems to generate, respond to, and adapt
questions dynamically. Building on these breakthroughs, question-based interactions now play
a crucial role in improving user engagement, fostering critical thinking, and enabling adaptive
learning support [1, 8, 40]. In fields of learning and education, the question-based interactions
with tutoring systems can be divided into two categories, i.e., user-to-system and system-to-user
questioning.

The user-to-system questioning involves users seeking information by asking questions or
inputting search queries to the systems. This interaction design is prevalent in chatbots customized
in specific domains [38, 42, 88] and general-purpose chatbots powered by large language models
like GPT-4. Learners can seek answers from these chatbots to address their confusions whenever
needed. HCI researchers also explore various ways to improve the user-to-system questioning in
tutoring systems [12, 45, 83]. For example, Yang et al. [83] presented a question-answer pipeline
AQuA, which generates useful responses to questions made in software tutorial videos. Their
pipeline can recognize Ul elements in visual anchors and generate answers using GPT-4 augmented
with that visual information and software documentation [83]. Their evaluation study with 16 users
demonstrated that their pipeline can produce more correct and helpful answers compared to baseline
methods [83]. Lee et al. [45] designed DAPIE that transforms existing long-form answers into
interactive dialogues to address children’s why and how questions. The dialogues include system-
to-user questions that guide children to explore the answer and diagnose their understandings
[45]. Their study with 16 participants revealed that children when using DAPIE got a significantly
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higher score in an immediate assessment and showed a significantly higher level of engagement
than when using the baseline system which directly presents long answer [45]. While the user-to-
system questioning design can generally satisfy learners’ information need, this work suggests that
turning it into interactive system-to-user questioning design could lead to more engaging learning
experience and higher learning gains.

Speaking to the system-to-user questioning design, it could be a more common practice in
the tutoring systems [58, 64, 81, 84], which ask questions to test learners’ understandings of
some concepts and guide them to conduct in-depth analyses. For example, Winkler et al. [81]
presented Sara, a conversational agent that asks learners multiple-choice questions and scaffolds
learners’ understanding with adaptive feedback during an online video lecture. Their lab experiment
demonstrated that against more traditional conversational agents, Sara significantly improved
learning in a programming task [81]. Peng et al. [58] designed DesignQuizzer, a community-powered
conversational agent that prompts multiple-choice questions about the UI design example. They
prepared the questions by masking the keywords about visual elements (e.g., color, layout) in the
critiques expressed in the comments under the UI design posts [58]. Their lab experiments also
indicate the value of their system-to-user questioning interaction for improving learning gains,
compared to a baseline condition without the conversational agent [58].

Moving from understandings to in-depth analyses, prompting Socratic-style questions has
been proved effective in guiding critical thinking [13, 36, 54, 57]. The key to distinguish Socratic
questioning from other types of questioning is that it is systematic, disciplined, and deep and usually
focuses on foundational concepts, principles, theories, issues, or problems [57]. Recent works have
successfully attempted to generate Socratic-style questions with large language models [23, 87]. For
example, Zhang et al. [87] introduces SPL, a dialogue-based tutoring system powered by the GPT-4
model, which employs the Socratic teaching method to foster critical thinking among learners.
Their pilot experimental results from essay writing tasks demonstrate SPL has the potential to
improve tutoring interactions [87]. Other tutoring systems for critical thinking tasks have mixed
usages of user-to-system and system-to-user questioning designs. For instance, Peng et al. [60]
collected critical thinking questions that readers would ask when reading HCI papers, based on
which they presented CReBot that prompts questions related to the reading paper section. Their
team further developed CriTrainer [84], which provides templates that guide users to ask critical
thinking questions about the academic paper they read. They demonstrated that compared to a
baseline tool, CriTrainer enabled users to independently raise more relevant and critical questions
about the paper after the training section [84].

Inspired by these previous systems, our AMQuestioner adopts an interactive user-to-system
questioning approach for information seeking (i.e., learn other members’ opinions to cultivate
open-mindedness on the topic in our case) and uses a system-to-user Socratic questions design for
in-depth topic analyses (i.e., arrive at the answer through the users’ own reasoning). Different from
previous systems, AMQuestioner grounds the generations of and answers to these questions on the
rich online discussion data, and it serves back to training critical thinking in online discussions that
previous tutoring systems seldom explore. We integrate these two categories of question-based
interactions into argument map in AMQuestioner, contributing a novel tutoring system that trains
critical thinking as users participate in online discussion.

2.3 Critical Thinking Support in Social Media

The massive and sometimes misleading content in social media requires users to conduct critical
thinking when seeking information online. Previous HCI researchers have explored two types
of approach to support this thinking process. The first type is to develop computational models
that identifies the argumentative components of the social media content and offer an interactive
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way to explore these components. For instance, to support lurkers to join collective arguments
in question-answering platforms, Liu et al. [47] labeled data in a question-answering community
and developed a pipeline that could extract and organize argumentative information. Based on
the pipeline, they presented CoArgue, which navigates users through the claims with highlighted
text and guides users to develop their answer posts with a chatbot. Similarly, Xia et al. [82] built
a labeled dataset of fine-grained persuasive strategies (i.e., logos, pathos, ethos, and evidence) in
164 arguments in the ChangeMyView community. They then introduced Persua, which provides
example-based guidance on persuasive strategies to help users enhance the persuasiveness of
their arguments. The other type of approach is to simulate human members to engage users in
critical thinking via conversation. For example, to help users burst their filter bubbles, Zhang et al.
[88] implements an LLM-powered multi-agent system in which users can engage with opposing
viewpoints via different characters. Tanprasert et al. [67] investigated the effect of two relevant
persona attributes - social identity and rhetorical styles - of a debate chatbot on facilitating critical
thinking on YouTube. Apart from efforts from the research community, some social media platforms
have actually embedded argument mapping into their web interfaces to support critical thinking.
For example, Kialo ? is an online community featured in providing a structured environment
for users to build, analyze, and debate arguments. It provides a collaborative argument mapping
component in which every member can add their views and link them to the others’ in the map.

Overall, the design and development of AMQuestioner are inspired by these critical thinking
support approaches in social media. However, different from their focus on supporting users to
conduct critical thinking, AMQuestioner aims at cultivating users’ critical thinking, such that they
could independently perform critical thinking after the training sessions. Without the need from
collaborative human efforts to construct the argument map as does in the Kialo community, we
develop computational models to automatically build up the map based on the discussion data.
As our focus is on training critical thinking, we design and implement the questioning-based
educational elements that are integrated with the argument map. We conduct a controlled user
study to compare AMQuestioner’s effectiveness to a baseline tool with the constructed argument
maps but without the educational elements, following the settings in previous critical thinking
support tools.

3 Formative Study

Follow-up Study
IntroducetocT T T T T T T e s e T S S S Sm s s 1

! Further Survey . . 1
A brief introduction of eritical 1" 1) perceived importance of 08 Available forin-  Experience System Structured Interview |
thinking to align definition. I cTin social media, person training(N=5) 3 » . 5 1
OO Higheitical thinking abiityor | 2) The application of CT Experience the traditional Conductan interview toshare |
with prior experience(N=11) 1" during social media usage, approach and conduct an experiences and provide
| 3) Challenges in developing interview. suggestions for improvement |
| CTonsocial media 1
Background Survey — ]
___________________________________ =\ - -
[Age, Gender, Major,
frequency, Perceived CT n
ability and Prior experience] % Unavailable (N=6) Rate Potential Features
Rate the perceived
. = usefulness of each feature
Describe System =/ using a five-point Likert Scale
& Low critical thinking ability(N=46] Describe the traditional

argument mapping-based CT

education approach Open-ended Question

Elicit suggestions for other
potential features to further
implement system

Fig. 1. Overview of the formative study process
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To guide the design of formative study, we first structure a Critical Thinking training process
based on the definition of critical thinking and existing literature. With this structured process,
we then conduct a survey study with 57 participants and a follow-up study with five of them to
identify user challenges and needs for support in the training process. Figure 1 shows the process
of the formative study.

3.1 AMQuestioner Critical Thinking Training Process

As reviewed in the Related Work (Section 2.1), critical analytical ability, open-mindedness and
disposition toward critical thinking are several crucial components of critical thinking. Therefore,
we focus on training these skills in this work. We adapt the “Pre-reading, During-reading, and Post-
Reading" Strategies [5, 66], which is a common framework in text-level critical thinking instruction
[2]. Building upon existing frameworks, we propose a argument map-based critical thinking training
program, integrated with users’ daily reading scenarios (e.g., social media platforms) and powered
by adaptive LLM support. Specifically, the process consists of three stages:

(1) Pre-reading Stage: Users read the Argument Map user Manual in Appendix B, select a topic
and, based on a provided summary, write an initial comment.

(2) During-reading Stage: Users engage in critical thinking training with argument map during
this stage.

(3) Post-reading Stage: Users refine or reconstruct their initial comment based on their enriched
understanding,.

The AMQuestioner’s intervention in this training process focuses on the during-reading stage, as
the pre- and post-reading stages are more for users to complete their writing tasks on their own.

3.2 Process of Formative Study

Figure 1 describes the process of formative study. We distributed a questionnaire to each respondent.
It first briefly introduced the definition of critical thinking (i.e., “Critical thinking involves three
core aspects: analyzing information and arguments, open-mindedness to different perspectives,
and the motivation to think critically. These skills are crucial for processing complex information
and forming independent thoughts, making their promotion a vital goal in higher education.”) We
then collected participants’ background information through a survey, including their age, gender,
major, social media usage frequency (never, low, medium, high), perceived critical thinking ability
(“Considering the definition of critical thinking, how would you rate your critical thinking skills?”:
weak, below average, average, above average, strong), and prior experience in applying critical
thinking skills on social media (“Do you have experience applying critical thinking skills in social
media environments?”: Yes, No).

For the respondents who self-rated above-average or strong critical thinking ability or prior
experience in conducting critical thinking online, we asked they to complete a survey asking three
questions. They are: 1) How essential do you consider critical thinking to be in social media; 2) In
your daily usage of social media, how do you typically apply critical thinking to engage with and
evaluate the information and interactions you encounter; and 3) Based on your experience, what are
the primary challenges to effectively and consistently applying critical thinking on social media. We
invited these respondents to participate in a follow-up study. The respondents (N=5 in our case) who
accepted our invitation were guided through a traditional argument map-based critical thinking
training process. Following the training, semi-structured interviews were conducted to solicit
feedback for system improvements. The traditional argument map-based critical thinking training
involved the following steps: Pre-Reading: Participants read the Argument Map User Manual
(Appendix B) and write a initial comment about the given post. During-Reading;: Participants then
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constructed an argument map from scratch based on a provided ChangeMyView post in Reddit.
Post-Reading: participants refine their initial comments or reconstruct comments. Mentorship:
Throughout this process, a mentor provided real-time guidance and support. Based on the trials
within our research team, the survey and the follow-up study were estimated to last one and half
hour, and these five respondents received a compensation of 50 RMB.

For those who are unavailable to join the follow-up study and those who self-report low critical
thinking ability or no prior experience in conducting critical thinking online, they go ahead and
read descriptions of both traditional and modified argument mapping approaches. Finally, following
the practice in Yuan et al. [84], all respondents were asked to rate the perceived usefulness of
potential features (Table 1) derived from VISAR [89], Persua [82], constructivism theory [44], and
scaffolding concepts [41, 77] on a five-point Likert scale (1 = not useful at all, 5 = very useful). The
study concluded with open-ended questions asking for other potential features of AMQuestioner.
The respondents who did not participate in the follow-up study received a compensation of 10
RMB.

3.2.1 Respondents. We recruited 57 students (S1-57; 23 female, 25 male, 9 preferring not to specify
gender) through social networks and word-of-mouth. All participants speak English as their second
language. The sample included 33 undergraduate students, 18 master’s students, and 6 doctoral
candidates. Participants’ ages ranged from 18 to 29 years old, with a mean age of 22 (SD = 2.27).
All participants showed a habit of using social media, with 31 reporting high frequency of using
social media platforms, 22 reporting medium frequency and 4 reporting low frequency. Twelve
respondents reported having weak or below average critical thinking skills, 31 reported average
critical thinking skills, and the remaining 14 considered themselves to have above average or strong
critical thinking abilities. 11 participants (among the 14 participants who considered themselves to
have above average or strong critical thinking abilities) reported prior experience applying critical
thinking skills in the context of social media.

3.3 Findings

For open-ended responses in the questionnaires (e.g., challenges and suggested features) and
interviews, two authors conducted inductive coding. They first independently created and assigned
codes for the each response. Then, they met, discussed their codes, removed and merged some of
them, and named the merged codes. We summarize the findings below.

3.3.1 Challenges of Employing Critical Thinking on Social media. C1: Social media commentary
is often problematic. Six participants highlighted several challenges related to social media
comments, including information overload due to high volume, a preponderance of shallow and
unconstructive comments, unstructured and informal language, and difficulty discerning factual ac-
curacy. “The quality of comments on social media is highly variable, with a majority being low-quality,
containing flawed arguments, and expressed unclearly. I often struggle to understand the intended
claims and supporting evidence" (U7, Male, 24). Another participant noted, “When I use platforms like
Reddit, I usually only read the top few upvoted comments because the sheer volume is overwhelming"
(U2, Female, 23). Besides, one participant observed, “I've noticed that posts documenting daily life
tend to elicit comments focused on personal experiences and feelings, while platforms like Reddit and
Zhihu, particularly on controversial topics, often generate more in-depth and engaging discussions"
(U10, Female, 25). This highlights the significant differences in discussion quality not only between
platforms but also within the same platform depending on the type of post. C2: Users reported
difficulties in conducting critical thinking in social media. In the background survey, only
14 out of 57 respondents considered themselves to have above average or strong critical thinking
abilities. In the formative study, three out of five participants reported lacking the critical thinking
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skills necessary to analyze social media content. They cited difficulties such as identifying bias in
comments, selectively accepting information confirming pre-existing beliefs, and passively con-
suming information without seeking alternative perspectives. “I see so many posts and comments,
but I don’t always stop to think about why someone might be saying those things or if it’s even true.

It’s easy to just scroll on.", “I realize I tend to follow people who agree with me, so I'm probably not
getting the whole picture. It’s hard to know what to believe sometimes". (U4, Female, 21)

3.3.2  Potential features of AMQuestioner. Notably, among the features that met our threshold of
4.0 in Table 1, the higher standard deviations (ranging from 0.63 to 0.82) suggest more diverse
opinions about the implementation of Al-assisted exploration. Our respondents actively indicated
their expected features of our training tool in the open-ended questions. In the During-Reading
stage, one participants suggested that “I'd find it more useful if the system prompted me to articulate
the reasons behind my answer choices. That would encourage more thoughtful engagement with the
critical thinking exercises" (U8, Female, 27). Similarly, three participants recommended highlighting
specific sections of lengthy comments relevant to the LLM’s statements. “Sometimes the comments
are so long it’s hard to see the connection to what the LLM is saying. Highlighting the related part in the
comment would make that clearer" (U4, Female, 21). One participants expected that LLM-generated
default response should delve deeper into specific aspects of the discussion and also explore other
aspects under the discussion. “It would be great if some default responses could help me explore the
finer details of the conversation, while others guide me to consider different angles or perspectives" (U3,
Undefined, 24).

3.4 Design Requirements for AMQuestioner

Based on our findings and relevant educational literature, we derived the following design require-
ments (DRs) for fostering critical thinking in the context of social media platforms:

DR1: For argument map construction, the tool should preprocess comments and gen-
erate a modifiable argument map reflecting the different discussion threads under the
post with distinct colors to differentiate argument components and relationships. The
respondents’ perceived that four potential features related to argument map construction (Table 1)
would be useful for conducting critical thinking in online discussion, which can be supported by
their reported challenges and related work. For example, the visualization of the hierarchical struc-
ture of discussion threads could address the challenge of information overload and unstructured
content (C1). This structured visualization approach aligns with established research demonstrating
that argument mapping facilitates the management of complex information [29, 51]. The color
coding and modifiability of different argument components are prevalent features in user interface
design, e.g., in existing argument mapping tool like VISAR [89], which could help users easily
identify, explore, and contribute structural elements and relationships within arguments. Besides,
the process of modifying argument maps itself can constitute an active critical thinking exercise
that aligns with our goal of skill training.

DR2: For viewpoint exploration, the tool should provide a tutor for guiding exploration
of each topic and its associated comments under the given post. This requirement addresses
users’ lack of critical thinking skills (C2), particularly their difficulty in seeking alternative perspec-
tives and analyzing content critically. The tutor can serve multiple critical functions in supporting
reasoning development. For example, it can present core viewpoint content while providing nav-
igational links between the argument map and original source comments, which prevents LLM
"hallucinations" while enabling users to verify information authenticity — a fundamental aspect
of critical evaluation. The suggested input options, which is prevalent in chat interface (e.g., Bing
Search) powered by LLMs, could reduce cognitive load during exploration while simultaneously
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Table 1. Perceived usefulness of potential features of AMQuestioner with mean scores > 4.0 (N=57). Respon-
dents rated each feature on a 5-point Likert scale (1 = not useful at all, 5 = very useful).

Component  Potential Feature Average SD
Visualize the hierarchical structure of discussion threads | 4.35 0.62
Distinguishing different argument components and rela- | 4.12 0.71
Argument Map  jons ysing colors
Constructi - .
onstruction Ability to expand/collapse, modify the Argument Map (add, | 4.42 0.58
delete nodes, and modify node content)
Filter out redundant and irrelevant comments 4.18 0.65
The LLM actively guides users to explore the details of each | 4.28 0.73
topic

Explore Topics Proyiding suggested input options for users to explore the | 4.05 0.82

with Agent topic
Provide clickable links to navigate between LLM responses | 4.15 0.63
and referenced content in maps and comments
Assess user comprehension of topics through evaluation | 4.08 0.74
methods
Designing critical thinking questions based on the com- | 4.32 0.67
ments under a given topic

Critical Providing various types of critical thinking questions (e.g., | 4.15 0.72

Thinking multiple-choice, short-answer)

Question Guiding users to modify and improve the argument map | 4.06 0.83
Guide users to reflect on incorrect answers through Socratic | 4.22 0.68
questioning
Locate the source comments related to the question 4.10 0.75

modeling proper questioning techniques, helping users develop their own critical inquiry skills
through guided practice. Comprehension questions at the end of exploration sessions can provide
immediate feedback on understanding and metacognitive assessment, facilitating the transition
from assisted to independent critical thinking. As participants explicitly expressed needing as-
sistance with exploring "finer details of the conversation" and "different angles or perspectives”
(U3), this guided approach bridges the gap between users’ current abilities and the complex skills
required for effective critical analysis of diverse viewpoints in social media discussions.

DR3: For critical thinking exercise, the tool should provide customized critical thinking
exercises (e.g., multiple-choice question) based on the user’s provided topic and associated
comments. This requirement addresses users’ difficulty in conducting critical thinking in social
media (C2) and the need for structured learning approaches by implementing a comprehensive
exercise system designed to target specific critical thinking competencies. The varied question types
strategically develop distinct cognitive skills while keeping users engaged through diversity. By
requiring users to articulate their reasoning alongside answers, the system shifts focus from correct
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answers to the quality of analytical thinking, promoting metacognition and deeper engagement
with content. The dual-path feedback mechanism (Socratic questioning or direct explanation)
can accommodate different learning preferences and scaffolds users’ development at appropriate
challenge levels, with the iterative process of answering questions and revising argument maps
creating a reinforcing cycle of critical thinking development. These features directly responds to
participants’ requests for explanation-based multiple-choice questions (U8), providing a structured
pathway for users to progressively strengthen their critical reasoning abilities through deliberate
practice with immediate, constructive feedback.

4 A Computational Workflow for Modeling Comments into Argument Map

Our approach to training critical thinking in online discussion centers around interactive argument
mapping. Building on our formative study findings, we developed a computational workflow that
systematically transforms comment threads into structured argument maps. This automated process
enables users to visualize and analyze the argument components and argument relations embedded
within online discussions.

4.1 Dataset Construction for Argument Mining

4.1.1 Data source. We collect our source data from ChangeMyView?, a popular subreddit with 3.7
million members up to August 2024. This platform encourages users to share views they consider
potentially flawed and engage with diverse perspectives through reasoned argumentation. We
leverage ChangeMyView’s recently trending (“hot") posts ( Range from 2024.8.18 to 2024.8.25 ) as our
source data for data annotation for two primary reasons: (1) the platform’s established reputation in
facilitating structured argumentation, as evidenced by its extensive use in prior research on online
deliberation [59, 79, 82]. (2) its contemporary topics that resonate with our annotators’ cultural
and social context, enabling more nuanced interpretation of implicit meanings and contextual
references in the arguments. Furthermore, this high volume of discussion threads and delta-scored
comments ensures a substantial and representative dataset for training and evaluation.

4.1.2 Data Scraping and Filtering. We initially used the Praw Python library* to scrape data from
Reddit’s “hot" listings. This involved daily scraping of the top 3 “hot" posts for a week; if a post
duplicated an existing one in the dataset, the dataset was updated with the newer version. Initially,
we collected a dataset of 983 comments from 14 CMV posts across 7 common ChangeMyView topics,
including politics, climate change, drugs, freedom of speech, social justice and electoral processes.
This data encompassed post titles, descriptions, links, and all associated comments, which were
recursively collected to capture the entire discussion thread. To enhance the clarity and structure of
argument maps, we implemented a semantic filtering process using the RoBERTa-base model [48]
to identify and remove redundant comments while preserving the most comprehensive arguments.
This filtering process effectively maintained the core arguments and diverse viewpoints while
removing between 16 to 28 redundant comments per discussion (detailed filtering methodology is
presented in Appendix C.1). After filtering, our final dataset contained 649 comments from these
posts.

4.1.3 Data Labeling. The taxonomy for annotating the argumentative structure of Reddit comments
draws inspiration from several prior works [14,65, 82]. Following discussions, we finalized our
annotation scheme, detailed in Table 2, 3. To apply this scheme, three individuals collaboratively
developed a detailed annotation guideline, utilizing Persua’s coding manual [82] as a foundation to

3https://www.reddit.com/r/changemyview/
4https://praw.readthedocs.io/
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create a framework suitable for our data. More concretely, each annotator independently labeled
5 comments, following a four-step process: (1) reading the comment and its immediate parent
comment within the thread; (2) segmenting the comment into sentences based on individual
interpretation of meaning; (3) labeling each sentence with its corresponding argument component
(major claim, claim, premise); and (4) annotating the attitude (support, attack) between major
claims and claims, and between claims and premises. Following this initial annotation phase, inter-
annotator disagreements, such as differentiating between “claim" and “premise", were discussed
and led to iterative refinement of the guideline. A detailed example of such disagreements and
the subsequent resolution process is provided in Appendix C.2. This iterative process, involving
five rounds of annotation and discussion, ensured a comprehensive and robust annotation scheme
addressing ambiguities and improved inter-annotator agreement. The final annotation guideline is
presented in Appendix C.3.

Based on this guideline, the annotators independently annotated the remaining comments,
incorporating regular quality control checks (every 15 comments) to discuss and ensure consistency
in sentence segmentation and annotation. High Cohen’s k values were observed across all categories:
Major claim (x = 0.81), Claim (x = 0.83), Premise (k = 0.92), No Sense (k = 0.91), and support (x
= 0.95), attack (k = 0.91) indicating strong inter-rater reliability. Ultimately, 2192 sentences (274
comments) were labeled with 268 as Major claim, 426 as Claim, 1237 as Premise, and 261 as No
Sense. Besides, 674 supports, 989 attacks were labeled.

4.2 Argument Mining

4.2.1 Mining Methods. To optimize argument component and relation mining, we employed the
following three methods. The first method combines BERT for state-of-the-art feature extraction
[62] with various machine learning models for training [82]. BERT s superior ability to capture
contextual nuances enhances the effectiveness of these ML models ( Logistic Regression, Linear
SVM, RBF SVM, Random Forest, Gaussian Naive Bayes, Nearest Neighbour, Adaboost Decision Tree
). This integration provides a robust framework for argument mining. The second method leverages
few-shot learning [7], employing the latest large language model like GPT-40 reducing the need
for extensive labeled data [11]. Cabessa et al. [11] demonstrate that few-shot strategy is efficient
and quickly adapts to the task of argument type classification, making it ideal for resource-limited
scenarios. The third method involves instruction fine-tuning of large language models. Cabessa
et al. [11] show that this approach, combined with carefully engineered structural features, achieves
state-of-the-art results on our tasks.

4.2.2  Mining Process. We developed task-specific prompts for both few-shot and fine-tuned LLMs,
iteratively refining them through a three-stage process. First, we created an initial prompt outline.
This stage leveraged principles from OpenAlI’s documentation ° and popular prompt framework in
it ¢ to guide the prompt’s structure and phrasing. Next, each section of the prompt was carefully
crafted to ensure clarity, relevance, and alignment with the task of argument component and relation
mining. Finally, throughout the entire process, iterative refinement was employed, reviewing and
refining the content following several key principals [46,63, 85] to ensure it achieved a high level
of accuracy in argument mining. Through several iterations, the instructions and prompts were
refined to optimize model performance. These final prompts are presented in Appendix C.4.

For fine-tuning, we first prepared and validated our labeled dataset according to Azure OpenAI’s
requirements. We employed GPT-3.5-turbo as our base model and followed standard practices for
model evaluation using a stratified split strategy (60/20/20 for training/validation/testing). The

Shttps://platform.openai.com/docs/guides/prompt-engineering
Shttps://platform.openai.com/docs/examples
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Table 2. Taxonomy of Argument Component

Name Definition Example

Major Claim  The root node of the argumentation struc- This is a terrible idea
ture. It’s the author’s main standpoint or
opinion on the topic.

Claim Claims are secondary conclusions or view- It creates an incentive that the gov-
points that support the major claim. ernment wants you to die at 75

years old.

Premise Premises are the underlying facts, evi- Humans and governments work al-
dence, or reasoning that support claims most exclusively at their most basic
or the main claim. on incentive.

Non- Non-argument statements are sentences So what incentive does this create?

argument within an argument that do not clearly
function as a major claim, claim, or
premise.

Table 3. Taxonomy of Argument Relations between Argument Components

Name Definition Example

Support Support refers to one argument providing “Humans and governments work al-
evidence or reasoning that strengthens or most exclusively at their most basic
bolsters the claim of another argument.  on incentive." support “It creates

an incentive that the government
wants you to die at 75 years old"

Attack Attack refers to one argument attempting  “So, at least 40% of people do not

to weaken or refute the validity or credi-
bility of another argument.

have a desire to pass away" Attack
“They are merely expressing their
frustrations; their true desire is to
pass away"

fine-tuning process, which took approximately 2 hours, yielded promising results. For Argument
Component Detection, the model achieved F1 scores of 0.77, while in Argument Relation Detection,
it demonstrated performance with F1 score of 0.76. The training convergence analysis showed
optimal validation performance during the latter part of epoch 3. The complete technical details of
the fine-tuning process are provided in Appendix C.5.

Three approaches to argument mining were systematically evaluated on the held-out test set
(20% of the total 2,192 sentences): BERT-based model, few-shot LLM, and our instruction-fine-
tuned LLM. For argument component detection, few-shot GPT-4 with 16 examples achieved the
best performance with precision of 0.90, recall of 0.87, and F1-score of 0.88. In argument relation
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detection, few-shot GPT-4 with 6 examples demonstrated optimal results, reaching precision of
0.87, recall of 0.87, and F1-score of 0.87. Based on these superior results, we will utilize these two
few-shot GPT-4 models with their respective optimal example settings to construct our argument
mapping system. Comprehensive performance metrics including confidence intervals and statistical
significance tests can be found in Tables 4 and 5. A detailed evaluation of all experimental settings
is provided in Appendix C.6.

Table 4. Performance Evaluation of Three Approaches to Argument Component Extraction: BERT-based
model, Few-Shot GPT-40, and Instruction-Tuned Models

Model Precision Recall F1-Score
Linear SVM 0.56 0.54 0.55
AdaBoost Decision Tree 0.56 0.58 0.56
Nearest Neighbour 0.47 0.46 0.46
Random Forest 0.59 0.60 0.56
Gaussian NB 0.55 0.53 0.53
Logistic Regression 0.59 0.59 0.59
Few-shot GPT-40 (4 examples) 0.61 0.53 0.55
Few-shot GPT-40 (8 examples) 0.78 0.67 0.69
Few-shot GPT-40 (12 examples) 0.89 0.73 0.78
Few-shot GPT-40 (16 examples) 0.90 0.87 0.88

Instruction-tuned GPT-3.5-turbo ‘ 0.88 0.73 0.77

Table 5. Performance Evaluation of Three Approaches to Argument Relation Detection: BERT-based model,
Few-Shot GPT-40, and Instruction-Tuned Models

Model Precision Recall F1-Score
Linear SVM 0.57 0.57 0.57
AdaBoost Decision Tree 0.48 0.47 0.47
Nearest Neighbour 0.51 0.50 0.50
Random Forest 0.51 0.51 0.51
Gaussian NB 0.54 0.53 0.53
Logistic Regression 0.56 0.56 0.56
Few-shot GPT-4o (2 examples) 0.80 0.80 0.79
Few-shot GPT-40 (4 examples) 0.72 0.73 0.72
Few-shot GPT-4o0 (6 examples) 0.87 0.87 0.87
Few-shot GPT-40 (8 examples) 0.72 0.73 0.72
Instruction-tuned GPT-3.5-turbo ‘ 0.81 0.73 0.76

5 AMAQuestioner System

Based on mined argument map for each post, we designed a system with key functionalities that
include automatic generation and modification of argument maps, distinguishing argument com-
ponents and relations through color coding (DR1), and providing guiding questions and feedback
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Fig. 2. Interface of the argument analysis system. The interface combines a Reddit-style discussion layout and
an automatically generated argument map (A). Users can explore claims through a chatbot interface (B) by
right-clicking and selecting "Explore Claims" (C). The argument map visually distinguishes between supporting
claims (green), attacking claims (red), and premises (blue) , enabling step-by-step exploration of discussion
evolution (D). Users can contribute to map construction through provided tools (E). The interface supports
bidirectional navigation between the discussion layout and argument map through clickable elements.

through user interaction (DR2). Furthermore, the system offers customized critical thinking exer-
cises, such as multiple-choice questions, tailored to the user’s topic and associated comments to
enhance engagement and comprehension (DR3). These features address users’ difficulties in critical
analysis and the need for structured learning approaches, improving their critical thinking skills,
particularly on online communities. This section first presents a user scenario of AMQuestioner to
learn how a representative user can leverage it to train critical thinking in online discussion. Then,
it details the interface design of AMQuestioner, followed by the implementation of the key features
about topic exploration and questioning.

5.1 User Scenario

In this scenario, we describe how Bob, a college student who often browses online communities
like ChangeMyView (CMV), struggles with developing critical thinking skills. While he is inter-
ested in engaging with complex discussions, he often finds it challenging to analyze arguments
systematically, consider multiple perspectives objectively, and form well-reasoned opinions. For
example, Bob encounters a Reddit post on CMV discussing whether euthanasia should be consid-
ered a fundamental right. While interested in this ethical debate, he finds himself overwhelmed
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Fig. 3. Interface of the LLM-powered tutorial agent system. The system implements a two-phase approach
with (B1) LLM-generated response options for user queries, (B2) pre-defined core questions for comprehensive
topic coverage, (B3) dynamically generated follow-up questions for deeper exploration, and (B4) guided
navigation to related discussion comments. This design facilitates systematic exploration while maintaining

focus on the current discussion context.
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Fig. 4. Interface components supporting Socratic dialogue and reflection. The system implements three key
features: (B5) mandatory user justification requiring users to explain their reasoning before receiving system
feedback, (B6) optional interaction modes allowing users to choose their preferred level of engagement, and
(B7) a combination of Socratic questioning techniques and summarization tools to deepen critical analysis.
This design promotes active learning through structured reflection and guided discourse.

by the various arguments and counter-arguments in the comments. He realizes he tends to focus
on opinions that align with his existing beliefs and struggles to evaluate the logical strength of
different positions. Recognizing these limitations in his critical thinking abilities, he decides to use
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our system as a training tool to develop his analytical skills, open-mindedness, and disposition
toward critical thinking.

Explore claims with a chatbot. Bob enters the website page and invokes the system. System
generates an argument map (Figure 2 A) alongside the Reddit page. This visual representation dis-
plays the thread’s structure, with extracted argument components as nodes and their relationships
as branches. Instead of the cluttered Reddit comment stream, Bob now sees a clear, hierarchical
structure, allowing him to visually grasp the thread’s development and observe how different
arguments interact. Bob gets interested in Finklesfudge’s viewpoint: “The proposal of dying at 75 is
a terrible idea" To quickly understand how the viewpoint is illustrated and outline the key points
of a discussion thread, Bob right-clicks the major claim node and selects “Explore claim" (Figure 2
C). This starts a conversation with a chatbot (Figure 2 B) specifically designed to understand and
explain the selected thread. During the conversation, Bob clicks on the LLM-generated response
options (Figure 3 B1) to delve deeper into the discussion thread and gain further clarification or
more detailed explanations.

Explore claims with a generated argument map. To seek a deeper understanding, Bob clicks
the expand button (Figure 2 D) on the branch containing Personal_Importance2’s argument. The
expanded view reveals the detailed structure around the claim "There is too much risk associated
with the possibility of being stuck in life without a means of peaceful escape even if regulations are
in place." The expanded view reveals not only Personal_Importance2’s complete argument structure,
but also shows how other users’ responses relate to it. Interested in Personal_Importance2’s per-
spective, Bob right-clicks their argument component and selects "Position". The system immediately
locates and highlights (Figure 2 E) their original comment in the Reddit page (Figure 2 A), allowing
him to see the complete reasoning and supporting details in the author’s own words.

Conduct critical thinking exercises. After exploring this discussion thread through the chatbot
interface, the system presents Bob with critical thinking exercises (Figure 4 B6) specifically designed
around the content he just explored. When answering these questions, Bob must not only select
his response but also provide detailed justification for his choice (4 B5). Upon incorrect responses,
the system either engages him in Socratic questioning (Figure 4 B7) to promote deeper reflection,
or provides direct explanations to clarify the correct reasoning. These structured exercises help
Bob develop his critical analysis skills within the context of the actual discussion.

5.2 Interface design

Figure 2 presents the overview of AMQuestioner user interface. The left part of the interface displays
the online discussion layout adapted from Reddit which the user can browse the post and others’
comments. The right part presents an automatically generated argument map (Figure 2 A), which
visualizes the argumentative components relations of the comments under the current post.
Users can quickly explore the content of a specific topic with a tailored chatbot (Figure 2 B)
by right-clicking on a claim and selecting “Explore Claims" (Figure 2 C). The chatbot interface
features two types of questions: pre-defined questions (Figure 3 B2) that cover the key aspects
of the entire discussion thread for overall comprehension, and dynamically generated follow-
up questions (Figure 3 B3) based on user interactions to enable deeper exploration of specific
aspects. To ensure responses are grounded in the original discussion, users can access relevant
comments through the "Show related comments" feature (Figure 3 B4) that links LLM responses
to source comments. LLM-generated response options (Figure 3 B1) are provided to guide users
through their exploration while minimizing the need for extensive text input, with the detailed
interaction process illustrated in Figure 4. In addition, the argument map also facilitates step-by-
step exploration of comments (Figure 2 D), allowing users to track the evolution of the discussion
and rapidly access diverse opinions and their supporting/opposing arguments. When the user
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wants to have a deep thinking combining with the original comments, he/she can right-click on
the argument element of a comment within the argument map and select “Position". Then the
left Reddit page (Figure 2 A) will directly jump to the corresponding section where the comment
appears and highlight the coresponding part. Besides, the chatbot interface (Figure 2 B) incorporates
critical thinking exercises tailored to the specific comment thread content to foster deeper topic
comprehension. These exercises require users to provide answers and justifications (Figure 4 B5).
Upon incorrect responses, the chatbot offers optional feedback mechanisms (Figure 4 B6): either
Socratic questioning to guide self-reflection (Figure 4 B7) or direct explanations of the correct
answer, as illustrated in Figure 4.

The argument map employs different colors to distinguish various argument components and
their relationships. The map supports manual expansion and contraction; users can manually
expand the map while exploring a topic and can choose to collapse once a topic has been sufficiently
investigated. Furthermore, users can actively participate in constructing the argument map (Figure 2
E), adding their own perspectives and contributing to the evolving understanding of the discussion.

5.3 Explore Topic with LLM-powered agent

We developed a tutorial agent system powered by a large language model (LLM) to facilitate users’
deep understanding of complex discussion topics. The system employs a two-phase approach: a
pre-processing phase and an interaction phase. In the pre-processing phase, when receiving a new
discussion thread, the system generates and stores 5-6 pre-defined questions covering the core
aspects of the discussion using the prompt design shown in Appendix D.1. During the interaction
phase, the system operates with two distinct types of questions: pre-defined core questions and
dynamically generated follow-up questions. The pre-defined questions (3-4 questions) are carefully
crafted to cover the essential aspects of the entire discussion thread, enabling users to gain a
comprehensive understanding of the topic. As users engage with specific aspects of the discussion,
the system dynamically generates 1-2 targeted follow-up questions that delve deeper into the user’s
current area of exploration. When suggesting input options during the “Explore Claim” step, two
of the generated core questions and one follow-up question are presented to users (Figure 3B2,
B3). We chose to implement this dual-questions design because it could both encourage users
to explore diverse aspects of the topic via core questions and dig into the current aspect via the
follow-up questions. This design is inspired by CReBot [60], which prompts a new question using a
weighted-chance strategy, i.e., 50% for questions in the same critical thinking level (i.e., what, how,
why, how well), 30% in the next level, and 20% in the next aspect, to balance both broad and deep
exploration..

5.4 Question Generation and Feedback System

5.4.1 Critical Thinking Question Generation. Our approach to generating critical thinking questions
adapts an established MCQ generation framework [4] and integrates it with the Watson-Glaser
Critical Thinking Appraisal (WGCTA) methodology [80]. Through iterative refinement, we carefully
crafted five specialized few-shot prompts corresponding to WGCTA’s five core critical thinking
domains (assumptions, arguments, deductions, inferences, and information interpretation), with
each prompt supported by 15 carefully selected examples to guide GPT-4’s question generation.
Our implementation consists of three key components: 1) Design of structured question formats
following WGCTA’s framework, combining both MCQ and open-ended questions 2) Systematic
prompt design and refinement that incorporates both multiple-choice and open-ended question for-
mats 3) Comprehensive evaluation protocol. Detailed procedures for each component are provided
in Appendix E.1.
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To evaluate the quality of generated critical thinking MCQs, we randomly selected 25 generated
MCQs across all five WGCTA question types (5 questions each for inference, assumption identifica-
tion, deduction, interpretation, and argument evaluation). Three authors independently rated each
question using a five-dimensional rubric adapted from [80] on a 5-point Likert scale: Pertinence:
Evaluates how well the question aligns with critical thinking assessment objectives (1: Not relevant
at all, 5: Perfectly relevant) Difficulty: Assesses the intellectual demands of the question relative to
expected student competency level (1: Very easy, 5: Very Difficult). Level of specificity: Measures
whether the question targets broad reasoning skills or requires specific content expertise (1: Very
general, 5: Very specific). Ambiguity: Examines the precision and unambiguous nature of the
question formulation (1: Not at all ambiguous, 5: Very ambiguous). Instructional alignment:
Determines the consistency between question content and intended educational outcomes (1: Not
at all aligned, 5: Perfectly aligned).

The results demonstrated strong inter-rater reliability (Krippendorft’s a = 0.81) across all dimen-
sions. The mean scores for each dimension were shown in Table 6. Notably, the generated questions
scored particularly well in pertinence (M=4.2) and instructional alignment (M=4.1), indicating
strong alignment with WGCTA’s five core critical thinking domains. The relatively low ambiguity
score (M=2.1, where lower scores indicate less ambiguity) suggests that the questions were generally
clear and well-formulated. The difficulty and specificity levels (M=3.8 and M=3.9 respectively) fell
within the desired range for university-level critical thinking assessment. Question type analysis
revealed that deduction and interpretation questions consistently received higher scores across all
dimensions compared to inference and assumption identification questions. This variation might
be attributed to the more structured nature of deductive reasoning tasks, where the clear logical
progression and well-defined patterns in our example set likely facilitated more consistent question
generation.

Table 6. Expert Evaluation Results: Mean Scores and Standard Deviations Across Five Assessment Dimensions
for Generated Critical Thinking Multiple-Choice Questions (N=25)

Dimension Mean Score SD
Pertinence 4.2 0.6
Difficulty 3.8 0.7
Level of specificity 3.9 0.5
Ambiguity 2.1 0.8
Instructional alignment 4.1 0.5

Table 7 presents two example questions focusing on the "arguments” domain - one from the
original WGCTA questionnaire and one generated by our prompt-based approach. Both exam-
ples demonstrate how the questions assess the ability to distinguish between strong and weak
arguments. Examples from other critical thinking domains (assumptions, deductions, inferences,
and information interpretation) can be found in the WGCTA questionnaire (Appendix ??) and our
prompt-generated questions (Appendix Table 15) respectively.

5.4.2  Socratic Feedback Design. The Socratic method, an established pedagogical approach for
developing critical thinking skills [13, 54], was integrated into our question feedback system through
carefully engineered prompts. Based on the definition of Socratic questioning and general principles
for designing Socratic prompts [24, 87], we iteratively refined our prompt through several versions
before arriving at the current version, as shown below:
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Table 7. Comparison of Original WGCTA and Prompt-Generated Questions in the Arguments Domain

Example 1: WGCTA Questionnaire Question

Statement Should companies downsize their workforces to decrease expenses and maximise profits?

Question Argument: Yes, downsizing will protect the company from bankruptcy in hard economic
times.

Options a) Strong Argument b) Weak Argument

Answer b

Explanation | Accepting the argument as true, avoiding bankruptcy is an essential motive for an organisa-

tion, however, the statement does not discuss bankruptcy, rather it is discussing profits and
expenses. Protection against bankruptcy is not the topic, and is straying from the point, and
is, therefore a weak argument.

Example 2: Prompt Generated Question

Statement Does incentivizing death at a certain age lead to ethical dilemmas and societal issues?

Question Argument: Yes, creating incentives for dying at a specific age, such as wanting individuals
to die at 75, introduces ethical concerns and societal pressures.

Options a) Strong Argument b) Weak Argument

Answer a

Explanation | The argument raises ethical concerns about incentivizing death, which directly addresses a

potential societal issue. It explains the negative implications and pressures this could create,

making it a strong argument.

You are a Socratic tutor who guides students to understand their mistakes through
careful questioning. Your goal is to help students discover the correct answer and its
logical connection to the problem through reflection, not to directly provide answers.
Context: Statement: {statement} Question: {question} Options: {options} Correct An-
swer: {correct_answer} Correct Explanation: {explanation} Student’s Answer: {stu-
dent_answer} Student’s Justification: {student_justification}

Your approach should follow these steps:

1) Gentle Challenge - Guide students to identify potential flaws in their reasoning
through questions - Present counterexamples or scenarios that highlight inconsistencies
Example: "What would happen if we applied your reasoning to [similar situation]?"
2) Critical Reflection - Help students evaluate the validity of their assumptions -
Guide them to consider alternative perspectives Example: "What other factors might
we need to consider?"

3) Logical Connection Building - Lead students to discover the relationship between
the statement and the correct answer - Help them construct a valid reasoning chain
Example: "How does [key element] relate to [conclusion]?"

4) Verification and Summary - Encourage students to articulate their new under-
standing - Help them connect their learning to the original problem - Guide them to
summarize their learning journey Example: "Can you explain why the correct answer
follows from what we’ve discussed?”

Guidelines: - Ask one question at a time - Wait for student response before proceeding
- Focus on the specific misconception revealed in their justification - Use the student’s
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own words and examples when possible - Avoid directly stating whether responses are
right or wrong - Guide students to discover logical connections themselves
Remember: Your role is to facilitate discovery through questioning, not to lecture or
provide direct answers.

6 Experiment

To investigate the impact of AMQuestioner on the critical thinking training process and outcomes
for university students (who may lack well-developed critical thinking skills), we conducted a
mixed-design experiment (tool as a between-subjects factor, time as a within-subjects factor) with
24 participants. Our research questions (RQs) are:

RQ1: Compared to a baseline argument mapping tool without question-driven claim exploration
and exercises, how does AMQuestioner influence users’ critical analytical ability?

RQ2: Compared to a baseline argument mapping tool without question-driven claim exploration
and exercises, how does AMQuestioner influence user’s critical thinking behaviors and perceived
engagement/workload during the training process?

RQ3: Compared to a baseline argument mapping tool without question-driven claim exploration
and exercises, how do users perceive AMQuestioner’s efficacy in fostering critical thinking?

6.1 Baseline

To evaluate AMQuestioner’s interactive features, we developed a baseline tool that simulates tradi-
tional argument mapping approaches. Similar to the AMQuestioner, the baseline tool automatically
generates color-coded Argument Maps from Reddit discussions (Figure 2 A), displaying relation-
ships between viewpoints and different argumentative elements (support, opposition, and evidence).
Users can modify these maps by adding, deleting, or editing nodes and connections (Figure 2 E),
enabling active engagement with argument analysis. Different from AMQuestioner, the baseline
tool does not provide the LLM-powered tutor for “Explore Claim” and “Critical Thinking exercises”
(Figure 2 B). Overall, with the automatically generated argument maps, the baseline tool can be
viewed as an enhanced version of the traditional argument mapping tools (e.g., the one in Kialo
community) that require collaborative human efforts. It allows us to systematically assess the
impact of the proposed tutor on training critical thinking in online discussion.

6.2 Participants

Twenty-four undergraduate students from a Chinese university were recruited via a social media
advertisement. All participants were proficient in English reading and writing, as demonstrated by
their possession of the CET-6 certificate, a national English proficiency test for non-English major
students in China. Their academic backgrounds were primarily in science and engineering disci-
plines, such as artificial intelligence and information and computing sciences, potentially limiting
the generalizability of our findings to users with different educational backgrounds. Participants
self-reported relatively low perceived critical thinking abilities (M = 2.35, SD = 0.79; 1 - weak, 2 -
below average, 3 - average, 4 - above average, 5 - strong). Participants were randomly assigned to
either a treatment group utilizing AMQuestioner (n = 12; 7 female, 5 male; mean age = 21.06 years,
SD = 0.52) or a control group using the baseline tool (n = 12; 9 female, 3 male; mean age = 21.17
years, SD = 0.73).
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Fig. 5. Overview of the User Study Process. The diagram illustrates the three-phase experimental protocol
conducted on the ChangeMyView (CMV) subreddit: (1) Pre-test phase, where participants complete consent
forms, background surveys, and write an initial comment on a given CMV post without support; (2) Training
phase, which spans three days with participants divided into Group Baseline and Group AMQuestioner, each
following a structured process of selecting posts, writing initial comments, reading with their assigned tools
(with breaks), and refining comments; and (3) Post-test phase, where participants read and comment on a
new CMV post without support, followed by a final interview and debriefing session.

6.3 Task and Procedure

We selected the ChangeMyView (CMV) subreddit community on the Reddit, because CMV provides
a conducive environment for cultivating these skills by encouraging viewpoint challenges, argumen-
tation, and open-mindedness. Specifically, during the five-day protocol, participants were instructed
to browse the CMV community daily, select posts of interest (N = 2), and engaged with it using
either AMQuestioner or the baseline tool. The protocol included a pre-test on the first day and a
post-test on the last day without any AMQuestioner, which enabled us to capture the improvements
of participants’ critical thinking skills. We followed Yuan et al. [84] to include three training sessions
but we separated them into three days instead of three successive morning/afternoon/evening to
reduce participants’ fatigue.

Pre-test. One day prior to the training, participants were instructed to select and read a CMV post,
freely exploring the post and its associated comments. Following the reading session (participants
were suggested a duration of 25 minutes based on a pilot study, with flexibility to adjust as needed),
they were tasked with composing their own comment in response to the post. During the comment
composition, participants had access to LLMs and search engines for information gathering. This
pre-test aimed to assess participants’ critical thinking abilities prior to the training sessions, serving
as a baseline for evaluating training effectiveness.

Training. The training process extends over three days. Each day, participants begin by selecting
two posts from the CMV hot list, followed by writing their initial comments for these posts.
Participants are then divided into two groups: Group Baseline and Group AMQuestioner. For
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Group Baseline, participants read the Reddit posts using the baseline tool, with breaks between
reading sessions. Similarly, Group AMQuestioner participants use the AMQuestioner tool to read
the posts, exploring all extracted topics and deeply investigating at least one chosen topic with
topic-specific CT questions, also taking breaks between sessions. After completing the reading
sessions, both groups refine their initial comments based on their enhanced understanding. Beyond
the requirement for AMQuestioner users to explore all topics and investigate at least one in depth,
participants have flexibility in how they utilize their respective tools. This entire process is repeated
each day for three days, with all participants following the prescribed pre-reading, during-reading,
and post-reading guidelines described above.

Based on a pilot study, we suggested durations of 55 minutes (10/25/20 minutes for pre/during/post-
reading) for participants using the baseline system, and 70 minutes (10/40/20 minutes) for those
using AMQuestioner. Participants were informed that these were suggested durations and they
could adjust the time allocation as needed. Though participants could adjust these durations as
needed - notably, this time difference may confound the interpretation of the tools’ effectiveness.

Post-test. A post-test, administered a day following the completion of the training sessions,
assessed participants’ ability to engage in critical thinking without the aid of any training tools.
Participants read a novel CMV topic, composed at least one comment. By comparing participants’
performances in post- and pre-tests, we can evaluate whether and how the training sessions with
AMQuestioner improve their independent critical thinking abilities in online discussions.

Participants received compensation of approximately 50 RMB a day for their participation in the
experiment.

6.4 Measurement

ROQ1. Training outcome. To evaluate the enhancement of participants’ critical thinking skills
following the training intervention, a novel post was presented, prompting them to formulate
written critiques. These critiques were assessed for critical analytical ability and open-mindedness
using a detailed five-dimension rubric adapted from [14]. The rubric dimensions are: Persuasive-
ness (overall argument strength and clarity, 1-6 scale), Specificity-clarity (fluency and clarity of
language, 1-5 scale), Specificity-justification (level of detail, depth, and evidential/logical support
for arguments, 1-5 scale), Relevance (how well statements address the main topic and claims, 1-6
scale), and Strength (contribution of individual statements to persuasiveness, 1-6 scale). We refer
the criteria for each score level for each dimension to the Tables 2, 6, 7, 8, and 9 in [14]. For example,
regarding persuasiveness, a six point indicates “a very strong, clear argument. It would persuade
most readers and is devoid of errors that might detract from its strength or make it difficult to
understand”, while a two point indicates that “it is unclear what the author is trying to argue or
the argument is poor and just so riddled with errors as to be completely unpersuasive” [14].

Two experienced HCI researchers, blinded to both the participants’ group assignments (experi-
mental or control) and the study phase (pre- or post-test), independently evaluated the responses.
Prior to the main rating task, both researchers engaged in a calibration session using a subset
of sample critiques to ensure a shared understanding and consistent application of the rubric.
Any disagreements during the independent rating process were resolved through discussion until
consensus was reached. To assess the reliability of this evaluation process, we calculated Cohen’s
Kappa across all dimensions, achieving a substantial agreement (x = 0.82), indicating consistent
judgment between the raters.

RQ2. Training process. i) Behaviors. To assess participant behavior during training with
AMQuestioner/Baseline, we recorded the completion time for each training session, the number
of LLM invocations, the full transcripts of user-LLM interactions (including both exploratory
topics and critical thinking questions), and the pre- and post-reading comments written by each
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participant. In the AMQuestioner condition, across three-days training sessions, we compare the
numbers of participants’ clicks on “Explore claims” (Figure 2(C)) to assess their behaviors related
to open-mindedness, as well as the accuracy rates in daily critical thinking exercises to assess their
disposition to critical thinking. Additionally, semi-structured interviews were conducted to assess
these critical thinking behaviors during the training process. ii) Perceived Engagement and
Task Workload. Participants’ perceived engagement during the training was assessed across six
dimensions adapted from [16, 55]: Concentration, Sense of Ecstasy, Doability, Sense of Serenity,
Timelessness Feeling, and Intrinsic Motivation. Additionally, their perceived task workload was
measured using the NASA Task Load Index [15, 37], which includes Mental Demand, Physical
Demand, Temporal Demand, Performance, Effort, and Frustration.

RQ3. Perceptions towards the tool. In assessing each system, we utilized evaluation metrics
based on the Technology Acceptance Model [75], a framework extensively validated in educational
technology research [79, 84]. The evaluation focused on three main dimensions: system practicality
(assessed through four items; Cronbach’s a = 0.908), operational simplicity (measured via four
items; Cronbach’s & = 0.773), and user adoption propensity (evaluated using two items; Cronbach’s
a = 0.902). For each dimension, a composite score was calculated by averaging the scores of the
respective items. Additionally, we collected participant feedback on the system’s effectiveness in
fostering the development of critical thinking skills.

7 Analysis and Results

To evaluate the effectiveness of AMQuestioner in fostering critical thinking skills, we conducted
a mixed-methods experiment comparing the performance of participants using AMQuestioner
with those using a baseline argument mapping tool. A two-way mixed ANOVA was employed
to analyze changes in participants’ performance from pre-test to post-test, with tool type as the
between-subjects factor and time as the within-subjects factor. Furthermore, we used the Mann-
Whitney U test [49] to compare the two user groups’ ratings of system usability and workload.
This non-parametric test is suitable for comparing independent groups, especially when the data
do not meet the assumptions of normality, as was confirmed in our case. We applied a Bonferroni
correction to all U tests, adjusting the significance level (a = 0.05) by dividing it by the number
of dimensions within each measured construct to account for multiple comparisons. To gain a
deeper understanding of participants’ experiences and perceptions of the tools, we conducted
semi-structured interviews and analyzed the qualitative data using thematic analysis [6]. This
involved two authors independently coding the data, followed by discussions to refine the codes
and identify recurring themes related to the advantages and disadvantages of each tool. These
themes are listed in Table 9 and integrated into the discussion of the results below.

7.1 RQ1. Training Outcomes

i) Critical Analytical Ability. Across the five dimensions of critical analytical ability, significant
main effects of time were observed for persuasiveness (F(1,22) = 22.231,p < .001, 7 = 0.502),
Specificity-clarity (F(1,22) = 16.654, p < .001,5? = 0.431), Specificity-justification (F(1,22) =
18.730, p < .001,1? = 0.46), and argument strength (F(1,22) = 9.575,p = .005,7> = .303). No
significant main effect of time was found for relevance (F(1,22) = 2.255, p = 0.147, 1% = 0.093).
The Argument Map employs distinct colors to differentiate elements like claims and premises,
enhancing comprehension through a clear, structured visualization of the text (7). "I wasn’t very
good at organizing my arguments before, but AMQuestioner helped me think in a clearer and
more structured way." (P18, AMQuestioner user). "I found the Argument Map helpful in visually
identifying the relevant claims and premises." (P06, Baseline user).

Proc. ACM Hum.-Comput. Interact., Vol. 9, No. 7, Article CSCW370. Publication date: November 2025.



AMQuestioner: Training Critical Thinking with Question-Driven Interactive

Argument Maps in Online Discussion CSCW370:25
4.0 4 —m— Baseline
—@- AMbot

3.54

3.04

Score (1-5 Likert Scale)

*
§
1
|
i1
1
1 r
]
1
!
!
1
I
i
1
h .
! ’
! 7
/ :
!
/ .
! 7
7 U
I
I
!
] L
/ L

persuasiveness specificity_clarity specificity_justification relevance strength

Fig. 6. RQ1 results Means and 95% confidence intervals of expert-rated scores on participant comments in
pre- and post-tests; * indicates a significant interaction effect between tool and time for the corresponding

metric.

No significant main effects of tool type were found for any of the five dimensions. However,
significant interaction effects between time and tool type emerged for Specificity-justification
(F(1,22) = 7.178, p = 0.014,1? = 0.246) and relevance (F(1,22) = 7.178, p = 0.014,1? = 0.093).
Post-hoc analysis using Tukey’s HSD test revealed that the AMQuestioner group demonstrated
significantly greater improvements from pre-test to post-test in both Specificity-justification and
relevance compared to the baseline group. This suggests that AMQuestioner had a greater impact
on enhancing these specific dimensions of critical analytical ability compared to the baseline tool.
Specifically, participants in the AMQuestioner group more frequently mentioned that the "Explore
Claims" feature helped them identify more evidence to support their arguments and evaluate the
relevance of information more accurately.

These findings were further corroborated by the qualitative feedback from participants. Nine
AMQuestioner users commented on how AMQuestioner’s features, such as the argument map and
"Explore Claims" facilitated a better understanding of argument structure, identification of relevant
evidence, and development of more logical and persuasive arguments. "The argument map helped
me see the connections between different perspectives, while the ’Explore Claims’ feature prompted
me to consider counterarguments that I wouldn’t have thought of otherwise." (P14, AMQuestioner
user). Four baseline users also mentioned that the basic argument mapping tool was helpful in
visualizing the overall structure of an argument, but they felt it lacked the interactive features and
guidance offered by AMQuestioner. "The argument map was good for getting an overview, but I
wish it had more features to help me analyze the argument in more detail" (P08, Baseline user).

7.2 RQ2. Training Process
We analyzed participants’ behavioral data and self-reported perceptions of engagement and work-
load to understand the impact of AMQuestioner on the training process compared to the baseline

tool.
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Table 8. Users’ perceived engagement and workload (RQ2ii) in the training process as well as their perceptions
(RQ3) towards the AMQuestioner or Baseline tool; The significance levels for Engagement, Workload, and
Acceptance are .05/6, .05/6, and .05/3 respectively with Bonferroni correction.

Category Factor AMQuestioner ~ Baseline Statistics
Mean/S.D.  Mean/S.D. U p Sig.
RQ2 ii) Engagement Concentration 5.16/1.03 4.92/0.67  81.5 0.581
Sense of Ecstasy 5.25/0.75 5.25/0.75  119.0 0.004 *
Intrinsic Motivation 6.00/0.85 4.17/1.11 130.0 0.0006 *
Sense of Serenity 5.33/0.65 5.25/0.62  96.0 0.146
Timelessness Feeling 4.75/1.21 2.58/0.99  14.0 0.0007 *
Doability 5.08/1.08 5.78/0.97 114.0 0.013
RQ2 ii) Workload Mental Demand 10.75/1.60 10.58/1.56  76.0 0.831
Physical Demand 14.42/1.37 11.41/5.01 107.5 0.041
Temporal Demand 14.16/1.58 11.08/5.26  106.0 0.049
Performance 15.75/1.71 11.25/2.01 139.0 0.0001 *
Effort 16.17/2.20 14.67/3.58 95.5 0.180
Frustration 9.75/2.26 10.33/5.28  77.5 0.770
RQ3 Acceptance Usefulness 6.41/0.51 3.91/0.79  144.0 0.00002332  *
Easy to Use 6.08/0.28 5.00/0.00 144.0 0.000002952 *
Intention to use 6.16/0.71 4.83/1.52 110.048 0.025159

i) Behaviors. Interaction time. We tracked the completion time for each training session, which
was logged in the participants’ respective training logs. Mann-Whitney U tests revealed significant
differences in completion times between the AMQuestioner and baseline groups across all three
days: Day 1 (U = 133.0, p < .001), Day 2 (U = 144.0, p < .0001), and Day 3 (U = 122.0, p = .004).
AMQuestioner users consistently spent significantly more time on each training session (Day 1:
M =54.42,SD = 4.08; Day 2: M = 66.25,SD = 4.53; Day 3: M = 71.00,SD = 5.78) than baseline
users (Day 1: M = 46.08,SD = 4.29; Day 2: M = 49.50,SD = 1.64; Day 3: M = 65.16,SD = 5.33),
suggesting a higher level of engagement with the training materials. This difference in engagement
aligns with user feedback, which highlighted AMQuestioner’s facilitation of deeper exploration
and analysis of others’ arguments through the "Explore Claims" feature. AMQuestioner’s "Explore
Claims" feature encouraged users to engage in deeper exploration and analysis (8). On the other
hand, users in the baseline group indicated that they were unfamiliar with the format of argument
maps, found it challenging to adapt to them, and were reluctant to use them initially. However,
after becoming familiar with them, they found it to be a useful tool. "Initially, the argument map
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felt confusing, and I wasn’t sure how to use it effectively. But once I got the hang of it, I found it
quite useful" (P15, Baseline user).

Open-mindedness. To assess the impact of AMQuestioner on open-mindedness, we analyzed
the frequency with which AMQuestioner users utilized the randomized "Explore Claims" feature
during the three-day training period. A higher frequency of using the randomized "Explore Claims"
suggests a greater willingness to explore diverse viewpoints, indicating enhanced open-mindedness.
A one-way repeated measures ANOVA with day (Day 1, Day 2, Day 3) as the within-subjects
factor revealed a significant main effect of day on the frequency of using the randomized "Explore
Claims" feature (F(2,22) = 90.31,p < .05). Post-hoc analysis using Tukey’s HSD test indicated
significant differences between all three days (p < .05). Specifically, the mean frequency increased
significantly from Day 1 (M = 3.50,SD = 1.45) to Day 2 (M = 10.08,SD = 2.31) and further
increased significantly from Day 2 to Day 3 (M = 16.33,SD = 2.99). The continuous increase
in "Explore Claims" usage (Figure 7), coupled with user feedback highlighting the element of
surprise and anticipation associated with randomly exploring different viewpoints, suggests that
AMQuestioner effectively fostered open-mindedness in the training process. Eight out of twelve
AMQuestioner users specifically mentioned that they enjoyed the element of surprise and the
opportunity to explore diverse perspectives offered by the "Explore Claims" feature. "I liked that
the "Explore Claims’ feature randomly showed me different arguments. It made me think about the
issue from different angles." (P14, AMQuestioner user).

Critical Thinking Disposition. We explored participants’ evolving disposition towards critical
thinking by analyzing their self-reported perceptions and qualitative feedback. Thematic analysis
of participants’ open-ended feedback regarding their critical thinking disposition revealed several
key insights. Nine out of twelve participants in the AMQuestioner group frequently expressed
a heightened awareness of the importance of critical thinking after using the tool. They often
mentioned a shift in their thought processes, becoming more cognizant of their own biases and
more inclined to question information before accepting it as fact. "AMQuestioner made me realize
how easy it is to just accept information without really thinking about it. Now, I'm more likely
to question things and look for evidence." (P17, AMQuestioner user). The structured nature of
AMQuestioner, particularly the integration of argument mapping and critical thinking exercises,
resonated with users. Seven out of twelve AMQuestioner users reported increased confidence in their
ability to systematically analyze arguments, identify flaws in reasoning, and draw well-supported
conclusions during the training process, as evidenced by the increased average accuracy rate in
the three-days sessions (Figure 8). "I feel like I have a better understanding now of how to break
down an argument and evaluate it. The exercises in AMQuestioner really helped with that." (P21,
AMQuestioner user).

ii) Perceived Engagement and Workload. Regarding the six items measuring perceived
engagement during the training process, Mann-Whitney U tests with Bonferroni correction were
used to compare perceived engagement and workload between the AMQuestioner and baseline
groups (detailed results are presented in Table 8. AMQuestioner exerted a positive impact on user
experience. Compared to the baseline tool, AMQuestioner significantly enhanced users’ intrinsic
motivation (U = 22.5, p < .05) and sense of time (U = 9.0, p < .01), and achieved a higher perceived
performance score (U = 28.5, p < .05).

While no statistically significant differences were observed for effort and frustration, AMQues-
tioner consistently scored higher than the baseline tool in terms of mental demand, physical demand,
and temporal demand, suggesting that the AMQuestioner group perceived a higher workload as-
sociated with using the system. Simultaneously, we observed a larger standard deviation for the
Baseline group in physical and temporal demand. To further understand this phenomenon, we
collected feedback from users in the Baseline group who perceived a high workload. These users
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Table 9. Summary of users’ comments about AMQuestioner and Baseline

Feature Pros (Number of Mentions) Cons (Number of Mentions)

Argument Map - Visualizes sentiment distribution - Navigation less intuitive than tra-
3) ditional reading (5)
- Helps understand overall view-
point (6)
- Helps understand logical relation-
ships (5)
- Helps identify key arguments (7)
- Makes complex texts easier to un-
derstand (6)

"Explore Claim" - Supports exploring diverse view- -
points (10)
- Sparks interest and promotes
thinking (8)
- Provides helpful prompts (7)
- Offers novel and engaging interac-

tion (11)
Critical Thinking - Novel format and theme (6) - Desire for more diverse question
Exercises - Diverse question types (5) types (3)

- Moderate difficulty (4)

- Timely feedback (6)
Baseline - Provides general guidance (6) - Lacks adaptive assistance (5)

- Easy and clear (6) - Not easy to use (6)

- Interactive (5)
- Traditional reading is more famil-
iar (6)

indicated that solely relying on argument maps for comprehension proved challenging for tasks
demanding in-depth understanding. "While the argument map helped me grasp the basic structure
of the argument, I still felt overwhelmed by the information and needed to invest significant time
and effort to understand it when dealing with complex issues." (P11, Baseline user).

7.3 RQ3. Perceptions of the Tools

Table 8 shows users’ technology acceptance of AMQuestioner and the Baseline tool, and Table 9
contains user feedback on both AMQuestioner and the Baseline tool. Users perceived the tool’s
perceived usefulness (U = 144.0, p < .0001) and perceived ease of use (U = 144.0, p < .0001) to be
significantly higher for AMQuestioner.

i) Positive Perceptions of AMQuestioner: AMQuestioner users praised the system for its ability
to (1) Enhance their understanding of complex arguments, highlighting the value of argument
maps in visualizing discussion structures and facilitating deeper analysis of diverse viewpoints; (2)
Facilitate the exploration of diverse viewpoints, emphasizing the role of the "Explore Claim" feature
in prompting them to consider alternative perspectives and avoid confirmation bias; (3) Offer a
novel exercise format, making it easier to think critically through multiple-choice questions.

ii) Challenges with AMQuestioner: Some AMQuestioner users mentioned (1) Initial difficulty
understanding argument maps, suggesting the need for clearer explanations or tutorials on how
to interpret the visualizations; and (2) Occasional frustration with LLM responses, pointing out
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instances where the LLM-generated questions or feedback were perceived as irrelevant or unhelp-
ful. This increased time commitment, however, is understandable given the richer features and
functionalities offered by AMQuestioner, which encourage more in-depth exploration and analysis.
"Sometimes the questions generated by the LLM didn’t seem relevant to the argument I was looking
at. It would be great if the questions could be more focused." (P19, AMQuestioner user).

iii) Perceptions of the Baseline tool: Baseline users generally found the tool easy to use
and appreciated its simplicity. However, they also highlighted its limitations in terms of: Limited
engagement, as simply reading Argument Maps proved difficult for in-depth understanding. For
example, one user from the Baseline group noted, "The argument map was helpful for getting an
overview, but I felt like I needed more guidance to really analyze the arguments." (P02, Baseline
user).

8 Discussion

In this paper, we design and evaluate AMQuestioner, a interactive tool that leverage argument
maps, data in online discussion, and educational elements like Socratic questioning for critical
thinking training. Our work follows a general user-centered design process. First, to specify the
context of use, we conducted a formative study that helps us understand the challenges and needs
of our primary user group, university students, when engaging in critical thinking during online
discussions. Second, based on the findings of formative study and related work, we specify design
requirements of AMQuestioner. Third, we create design solutions and develop AMQuestioner with
features accommodated to the design requirements. Lastly, we evaluate AMQuestioner via a mix-
designed study with a baseline tool without our proposed key features. This human-centered design
process enabled us to present AMQuestioner for improving users’ critical thinking skills in online
discussion, as discussed below.

As shown in Figure 6 and reported in Section 7.1, our mixed-design study with 24 participants
revealed that both AMQuestioner and baseline tool with the generated argument maps significantly
improve participants’ performance in writing persuasive (metric: persuasiveness), clear (specificity-
clarity), specific (specificity-justification), and strong (strength) arguments in online discussion
after the training sessions. These findings support the efficacy of argument mapping in fostering
critical thinking skills [35, 39, 72, 73] and extend this body of work by incorporating large language
models (LLMs) to provide personalized guidance within the training process, which addresses a key
limitation of traditional argument mapping instruction that often relies on handcrafted guidance.
This personalized approach echoes research emphasizing the significance of tailored feedback and
learning experiences in cultivating critical thinking [33].

Besides, participants’ improvements on writing specific justifications (specificity-justification,
i.e., level of detail, depth and logical support for arguments) for their arguments and relevant
(relevance, i.e., how well statements address the main topic and claims) statements to the discussing
topics after the training sessions are significantly higher in the AMQuestioner condition than that
in the baseline condition without our proposed LLM-powered tutors. The differences between
AMQuestioner and baseline tool indicate that AMQuestioner’s effectiveness could be attributed to its
two unique components. First, the LLM-powered "Explore Claim" tutor, drawing on principles
from scaffolding theory [41, 77] and Information Foraging Theory [61], can encourage exploration
of diverse viewpoints, reduce information acquisition costs, and boost learner engagement. Second,
the tutor for customized critical thinking exercises can reinforce participants’ critical thinking
thoughts, leading to more specific justification on their arguments. Our work contributes to the
growing body of research on critical thinking support (e.g., [60, 84, 89]) by demonstrating the
value of LLMs in scaffolding critical thinking skills development, particularly in the context of
participating in complex online discussions. However, we go beyond simply using LLMs for content
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delivery or feedback provision; we leverage their generative capabilities to dynamically create
a personalized learning environment that adapts to the specific content and user interactions,
fostering a deeper level of engagement and analysis with social media content.

It is important to highlight that the design and development of AMQuestioner were fundamentally
guided by a human-centered approach, ensuring the resulting technology was grounded in the
authentic needs and contexts of its intended users. Our process began not with the technology,
but with the users themselves. The Formative Study (Section 3) served as the cornerstone of this
approach. We explicitly aimed at understanding the real-world challenges and needs of our primary
user group, university students, when engaging in critical thinking during online discussions.
Through surveys (N=57) and interviews (N=5), we identified key difficulties, such as grappling with
the volume and often problematic nature of online commentary (Challenge C1) and recognizing
their own limitations in applying critical analysis skills effectively in this digital environment
(Challenge C2). These empirically grounded insights gathered directly from potential users were
then systematically translated into our core Design Requirements (DR1, DR2, DR3; Section 3.4). This
crucial step ensured that the system’s features — such as the automated argument map generation
(addressing C1 and DR1), the LLM-powered viewpoint exploration (addressing C2 and DR2), and
the customized critical thinking exercises (addressing C2 and DR3) — were conceived specifically to
address user-identified needs and support their learning goals, rather than being solely technology-
driven. Furthermore, the human-centered focus extended throughout our evaluation phase . While
assessing the tool’s effectiveness in improving critical thinking skills (RQ1) was a primary objective,
we placed significant emphasis on understanding the user experience. This involved measuring
perceived engagement and cognitive workload (RQ2ii) using established instruments and scales
(detailed in Section 6.4, with results in Table 7), as well as gauging user perceptions regarding
usability, ease of use, and overall usefulness (RQ3) through validated acceptance model questions
and detailed qualitative feedback analysis (Section 6.4, Tables 7 and 8). Evaluating these aspects
provides crucial insights not only into what the system achieves functionally but how it is perceived,
interacted with, and experienced by the students it is designed to serve. This iterative process,
moving from understanding user needs and challenges, to deriving design requirements, developing
a targeted solution, and finally evaluating both effectiveness and user experience, underscores the
human-centered foundation of the AMQuestioner research.

8.1 Implication of AMQuestioner for Learning Support Tools

The design of AMQuestioner draws heavily upon the educational theories of Constructivism and
Socratic questioning, with the former emphasizing on the active and social interaction with learning
materials and the later focusing on the guided and conversational reflection.

8.1.1 Constructivist Foundations in AMQuestioner. Constructivist theory emphasizes that learners
are not passive recipients of information but actively construct their own knowledge and under-
standing through interaction with their environment and social contexts [77]. Learning is viewed as
a social process where deeper understanding can be achieved within the "Zone of Proximal Devel-
opment" (ZPD) through discussion and collaboration [77]. AMQuestioner embodies constructivist
principles in the following ways:

Argument Mapping. With our developed computational models, AMQuestioner helps users
better organize, understand, and analyze complex issues by visualizing argument structures. This
visualization design decomposes the complex collaborative knowledge into small and more man-
ageable argumentative components, which can facilitate users to explore diverse viewpoints on the
discussing topics, as appreciated by our participants (Table 9).
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Conversational Tutor. One key feature of AMQuestioner is the tutor for exploring others’ claims
and guiding critical thinking. Aligned with previous conversational agents (CAs) that support
various learning tasks (e.g., factual knowledge [64], programming concepts [81]), our user study
indicates the benefits of CAs for engaging users in the learning tasks, e.g., in terms of intrinsic
motivation and timelessness feeling (Table 8).

8.1.2  Socratic Questioning and Scaffolding. Socratic questioning is a pedagogical method that uses
sequential questioning to guide students towards deeper thinking and reflection. If we interpret
the core of the Socratic method as the iterative process between questioning and answering, then
this aspect serves as an effective form of scaffolding. AMQuestioner integrates this method with
guided reflection and timely feedback. AMQuestioner generates guiding questions that prompt
users to reflect on and analyze their ideas in depth [87]. Along with the questions, AMQuestioner
also generates explanations for the answers to these questions (??), which enables it to provide
timely feedback on users’ responses. These two Socratic questioning features were praised by our
participants in the user study (Table 9).

To sum up, AMQuestioner provides a good example with demonstrated benefits of integrating
conversational tutor and interactive questioning into argument mapping, shedding lights into
future learning support tools based on constructivist scaffolding and Socratic questioning.

8.2 Design Considerations

Two important design considerations emerged from our findings for critical thinking training tools:
mitigating LLM over-reliance and balancing effectiveness with engagement.

Mitigating LLM Over-reliance: Excessive reliance on LLMs can undermine users’ confidence
in their own judgment [53, 86], leading them to favor quick, easy solutions over more thoughtful,
analytical approaches. AMQuestioner addresses this by using critical thinking exercises to guide
in-depth reasoning, rather than directly providing information. The observed improvements in
relevance and specificity-justification, aspects that emphasize argument structure, demonstrate
the effectiveness of this approach. Furthermore, recognizing the value of Socratic LLMs in this
context, AMQuestioner offers a Socratic mode, encouraging users to engage in a deeper thought
process rather than simply receiving direct answers from the LLM. Additionally, relevant research
has shown that excessive use of Socratic questioning can lead to excessive cognitive load [13, 87].

Balancing Effectiveness and Engagement: Creating argument maps from scratch requires
significant effort, potentially hindering learner motivation [61]. Furthermore, solely reading argu-
ment maps can yield less substantial learning gains compared to active writing [25]. As suggested
by Scaffolding Theory [41, 77] and Information Foraging Theory [61], AMQuestioner lowers the
barrier to entry by automatically generating initial Argument Maps and utilizes the "Explore Claim"
feature to minimize information acquisition costs, incorporating elements of randomness to further
encourage usage. The training process encourages users to engage in critical thinking exercises after
they have a thorough understanding of the relevant content. Our results demonstrate a significant
increase in "Explore Claim" usage, and users show less resistance to the exercises. Future work
could explore gamification strategies, drawing inspiration from [88] and building on the principles
outlined in [20], to further enhance engagement and motivation.

8.3 Generalizability

Using data in Reddit r/ChangeMyView (CMV) as a demonstration, we develop and evaluate AMQues-
tioner for training critical thinking in online discussions, which is an informal learning context
outside classrooms. AMQuestioner could be directly applicable to other online communities (e.g.,
r/Debate) in which members share and discuss competing opinions on hot topics, as do in the CMV

Proc. ACM Hum.-Comput. Interact., Vol. 9, No. 7, Article CSCW370. Publication date: November 2025.



CSCW370:32 Qiyu Pan et al.

community. It should be also usable in the general-purpose communities where active discussions
on social events, such as the discussions on “safety issues in recent electric cars” in Zhihu (a
Chinese community) and “tradeofs of raising tariffs by USA” in Twitter. Our computational models
could automatically extract the argumentative components from the discussion data, construct
the argument maps, and prompt LLMs to act as a tutor to train readers’ critical thinking skills.
Nevertheless, to tailor AMQuestioner to train critical thinking in other online discussions outside
the CMV community, we should first validate if our models could perform well using a small sample
of labeled discussion data as input. If our models do not perform well, researchers could follow our
model development process (Section 4) to first label the “major claim”, “claim”, “premise” “support”,
and “attack” in around 1000 comments, then fine-tune pretrained large language models to detect
these argumentative components, and finally build up the argument maps.

Apart from online discussions, our idea of integrating argument maps and LLM-powered tutor
has potentials to foster acquisition of critical thinking skills in other contexts. For example, to
train paper reading skills, different from the summarization and question asking design in [84], a
new tool could generate a argument map that visualize the argumentative components (e.g., the
claim can be a conclusion, the premise can be results of statistical tests) and their connections in
the paper’s abstract, introduction, methods, results, and discussions. Similar to AMQuestioner, the
tool could utilize the LLM to generate exercises tailor to the argumentative components that the
learners select. These exercises could, for example, ask users to identify the core arguments of the
paper, evaluate the reliability of the evidence presented, and analyze limitations of the research
methods [60]. In formal learning contexts like those in classroom or professional training settings,
human instructors can leverage AMQuestioner as a teaching tool. For example, instructors can
assign students the same argument writing task surround a hot topic, allow them to explore online
discussion about this topic with AMQuestioner for 20 minutes, and share their thoughts to other
classmates for the rest 25 minutes in a lecture. With learning support tools like AMQuestioner, it
is a promising future direction to incorporate online informal learning resources into the offline
formal contexts to boost outcome and experience.

8.4 Limitations and Future Work

This study has limitations that warrant further investigation. Participants’ Background: We
included only undergraduate students in the user study to evaluate AMQuestioner’s impact on the
critical thinking training outcome and experience. While critical thinking is a crucial skill for this
user group, it is also beneficial for other types of users such as high-school students, engineers
in companies, writers in social media, and so on. Future work could examine the usefulness of
AMQuestioner with more diverse user group, with the goal to embedding it into the social media
platforms to benefit general users. Baseline: While the baseline in our experiment deducts LLM-
powered tutors in AMQuestioner and enhance the argument map construction of Kialo community,
it can not fully represent an existing tool that people have used for critical thinking. To verify
whether and how AMQuestioner improve critical thinking training outcome and process against
existing tools, future comparative studies should be conducted using baselines identical to designs
like VISAR [89] and Kialo. Online Discussion Platforms: Our development and evaluation of
AMQuestioner use the data from ChangeMyView, which is relatively structured and focused on
argumentation. While AMQuestioner has potentials to be generalized to other less-structured online
platforms like Zhihu and Quora as discussed in Section 8.3, future efforts should be made to first
structure the data, e.g., label and classify the sentences related to the same discussing topic. Future
work should evaluate AMQuestioner’s usefulness in training critical thinking in the contexts of
these less-structured online discussions. Assessment Validity: Our evaluation relied primarily
on expert-rated writing samples and self-reported measures. While our inter-rater reliability
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(Cohen’s k ~ 0.82) demonstrates consistent expert judgment, this approach may not capture the full
spectrum of critical thinking abilities. The reliance on self-reported abilities introduces potential
social desirability bias, and our behavioral measure of open-mindedness (clicking "Explore Claim")
may not fully capture the complexity of open-minded thinking. Future research should incorporate
standardized critical thinking assessments (e.g., Watson-Glaser Critical Thinking Appraisal) to
complement expert evaluation and strengthen construct validity.

Future work can also extend our AMQuestioner to address its following limitations. Cognitive
Load: While engaging and motivating, the increased cognitive load (particularly mental and
temporal demands) associated with AMQuestioner could pose challenges for some learners. Future
iterations should explore strategies to mitigate cognitive overload, such as developing adaptive
scaffolding mechanisms within AMQuestioner. Such mechanisms could personalize support based
on individual user needs and learning progress. This might involve dynamically adjusting argument
map complexity, LLM prompt types and frequency, and the difficulty of critical thinking exercises
based on user performance and engagement patterns. Additionally, personalization could extend to
pacing, tailoring the learning experience to individual cognitive abilities and learning styles through
user modeling techniques. Collaborative Learning: Future research should investigate the use of
AMQuestioner in collaborative learning environments, allowing students to co-construct argument
maps and engage in peer discussions to further enhance their critical thinking skills. This might
involve integrating features that support real-time collaboration, such as shared argument map
editing and discussion forums, allowing students to learn from each other and improve their critical
thinking through social interaction [50, 68]. Real-World Deployment Studies: To demonstrate
AMQuestioner’s broader societal impact and practical importance, future research should examine
its effectiveness in diverse real-world contexts. This could include longitudinal studies tracking
users’ critical thinking development with AMQuestioner over extended periods (6-12 months) in
online platforms or in offline courses guided by human teachers. Such studies would provide
concrete evidence of AMQuestioner’s potential to improve online discourse quality and combat
misinformation in authentic social and classroom settings. Real-World Deployment Studies: To
demonstrate AMQuestioner’s broader societal impact and practical importance, future research
should examine its effectiveness in diverse real-world contexts. This could include longitudinal
studies tracking users’ critical thinking development with AMQuestioner over extended periods (6-
12 months) in online platforms or in offline courses guided by human teachers. Such studies would
provide concrete evidence of AMQuestioner’s potential to improve online discourse quality and
combat misinformation in authentic social and classroom settings. Credibility of AI-Generated
Questions: While our prompt engineering approach showed promising results, Al-generated
content may contain inherent biases or cultural assumptions from training data. GPT-4’s responses
could potentially favor certain argumentative styles or cultural perspectives, which may not equally
support diverse learning approaches. Additionally, our single-turn prompting approach may lead
to repetitive question patterns. Future iterations should incorporate bias detection mechanisms,
expert review of generated content, and multi-turn dialogue systems to ensure equitable and robust
learning experiences.

9 Conclusion

In this paper, we design, develop, and evaluate AMQuestioner, a novel interactive tool that integrate
of the argument map, the Al-enabled educational elements (e.g., socratic questioning), and rich
online discussion data to cultivate users’ critical thinking skills in online discussion. Our user
study demonstrates the effectiveness of AMQuestioner in improving participants’ performance
in independently writing detailed, specific, and relevant arguments to the discussing topics. Our
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work has implications for future learning support tools related to critical thinking, large language
models, and applications of social media data as learning materials.
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Follow-up Study Participants

To evaluate the effectiveness of our proposed approach, we conducted Follow-up Study with 11
participants from diverse academic backgrounds. The participants were selected based on their
perceived critical thinking abilities and prior experience with argumentation. Table 10 presents the
demographic information and key characteristics of the interview participants.

B

B.1

An

Argument Map User Manual
Introduction to Argument Mapping

argument map is a visual representation of reasoning and argumentation that helps users

analyze and construct logical arguments. By displaying the relationships between claims and
evidence in a structured format, argument maps make complex reasoning processes clear and
explicit.

B.2 Benefits for Critical Thinking
Argument mapping enhances critical thinking skills by:

e Visualizing logical relationships between ideas

e Identifying strengths and weaknesses in arguments

e Developing systematic reasoning abilities

e Improving argument evaluation skills

e Facilitating better understanding of complex arguments
e Supporting construction of well-reasoned arguments

B.3 Components and Relationships

The argument map consists of two fundamental elements: argument components and argument
relations. Table 11 presents the taxonomy of argument components that form the basic building
blocks of an argument map, while Table 12 describes the possible relationships between these
components.

B.4 User Operations

B.4.1 Basic Node Operations.
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Table 10. Participant Demographics and Characteristics
ID Age Gender Major Academic Perceived Prior exp.
qualifications ability in
critical
thinking

Ul 22 Male Computer Undergraduate  Strong Yes
Science

U2 23 Female Computer Undergraduate  Above average Yes
Science

U3 24 Undefined Computer Master’s Degree Strong Yes
Science

U4 21 Female Computer Undergraduate  Above average Yes
Science

U5 23 Male Computer Bachelor’s Strong Yes
Science Degree

U6 22 Female Computer Undergraduate  Above average Yes
Science

U7 24 Male Philosophy Undergraduate  Strong Yes

U8 27 Female Philosophy Doctoral Above average Yes

Degree

U9 23 Male Chinese Undergraduate  Strong Yes
Literature

U10 25 Female Chinese Bachelor’s Above average Yes
Literature Degree

U1l 24 Male Atmospheric Undergraduate  Strong Yes
Science

Add Child Node Creates a new component that relates to the selected component

Add Same Node Adds a new component at the same hierarchical level
Remove Node Deletes the selected component and its connections

B.4.2  Setting Relations.

Set to Support Establishes a supporting relationship from one component to another
Set to Objection Creates an attacking relationship between components
Set to Premise Marks a component as a premise (basic evidence or reasoning)

C A Computational Workflow for Modeling Comments into Argument Map

C.1

Data Filtering

Our data filtering approach focused on eliminating semantically redundant comments to enhance
the clarity and structure of argument maps. We employed the roberta-base model, a powerful
transformer-based language model pre-trained on a massive text corpus, to generate semantically
rich sentence embeddings. These embeddings capture the meaning and contextual information of
each comment, allowing for a nuanced comparison of their semantic similarity. We then applied
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Table 11. Taxonomy of Argument Component

Name Definition Example

Major Claim  The root node of the argumenta- This is a terrible idea
tion structure. It’s the author’s
main standpoint or opinion on
the topic.

Claim Claims are secondary conclu- It creates an incentive that the
sions or viewpoints that support government wants you to die at
the major claim. 75 years old.

Premise Premises are the underlying Humans and governments work
facts, evidence, or reasoning almost exclusively at their most
that support claims or the main basic on incentive.
claim.

Non- Non-argument statements are So what incentive does this cre-

argument sentences within an argument ate?

that do not clearly function as a
major claim, claim, or premise.

Table 12. Taxonomy of Argument Relations between Argument Components

Name Definition Example
Support Support refers to one argument “Humans and governments
providing evidence or reasoning work almost exclusively at
that strengthens or bolsters the their most basic on incentive."
claim of another argument. support “It creates an incentive
that the government wants you
to die at 75 years old"
Attack Attack refers to one argument “So, at least 40% of people do not

attempting to weaken or refute
the validity or credibility of an-
other argument.

have a desire to pass away" At-
tack “ They are merely express-
ing their frustrations; their true
desire is to pass away"

cosine similarity calculations with a threshold of 0.95 to identify highly similar comments within
the same hierarchical level of discussion threads. This threshold ensures that only comments with
a very high degree of semantic overlap are considered redundant.

Table 13 illustrates our filtering process with representative examples from the "CMV: A majority
of double standards exist only because we assume the world is equal" discussion thread. The table
presents excerpts of removed comments alongside their similar counterparts that were retained,
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demonstrating how our pre-processing approach identifies and eliminates semantic redundancy
while preserving the most comprehensive expressions of arguments.

Our filtering method was applied to all 14 scraped posts, with Table 14 presenting the results from
five representative examples. The number of redundant comments identified and removed ranged
from 16 to 28 per discussion. Among these examples, discussions such as "CMV: A majority of double
standards exist only because we assume the world is equal” and "CMV: It is never acceptable/ok to
make fun of ANYONE’S appearance” had the highest number of redundant comments removed (25
each), while maintaining the core arguments and diverse viewpoints of the discussion.

Table 13. Excerpts from longer comments removed due to high similarity with other comments at the same

level within the discussion thread, along with explanations for their removal.

Removed Comment (Ex-
cerpt)

Similar Comment (Excerpt)

Removal Reason

"Royalty, Nobility, and Mili-
tary - it was quite common...
Women don’t wear heels be-
cause they want to ride horses
or avoid stepping over blood,
clearly the purpose of using
them are different"

"What’s the difference be-
tween the double standard it’s
futile to change... That’s ’the
way humanity has defined it-
self’. What makes it more
worth changing in your view?"

"Your premise is contradic-
tory... While you’re at it, tell
those Jews living under Nazi
rule not to bother, since re-
sisting antisemitic double stan-
dards is futile"

"There is a difference between
positive (is) statements, and
normative (ought) statements...
double standards are identified
when we believe normatively
that something ought be equal
when it is not."

"Your premise is contradic-
tory. If everyone assumed that
everyone was equal, there
would be no double standards...
Might as well stay at home
and bear children, have no job,
and be powerless in an abusive
marriage."

"What’s the difference be-
tween the double standard it’s
futile to change... That’s ’the
way humanity has defined it-
self”. What makes it more
worth changing in your view?"

Both comments discuss the his-
torical context of double stan-
dards, but the "Similar Com-
ment" offers a more concise
and generalized explanation.

Both comments challenge the
premise of the original post,
but the "Similar Comment"
provides a more impactful il-
lustration of the consequences
of accepting double standards.

Both comments question the
practicality of challenging in-
grained double standards, but
the "Similar Comment" frames
the issue in a broader and less
emotionally charged manner.

C.2 Annotation Example

During the annotation process, several challenging cases emerged that required careful considera-
tion and discussion among annotators. One representative example involved the sentence “Humans
and governments work almost exclusively at their most basic on incentive." This case highlighted
the complexity in distinguishing between claims and premises in argumentative structures.
Initially, three annotators labeled it as a claim", interpreting it as a standalone assertion about
human and governmental behavior. However, one annotator classified it as a premise”, noting that it

Proc. ACM Hum.-Comput. Interact., Vol. 9, No. 7, Article CSCW370. Publication date: November 2025.



CSCW370:42 Qiyu Pan et al.

Table 14. Number of comments removed during pre-processing for five example posts

Title (abbreviated) Original Count Filtered Count Removed Count

CMV: A majority of double stan- 107 82 25
dards exist only because we as-
sume the world is equal.

CMV: world Hunger is not from a 201 173 28
lack of food but a miss allocation

of food.

CMV: young adults today do not 192 168 24

live in the best time ever, and it will

only get worse.

CMV: In densely populated coun- 162 146 16
tries like the UK, it’s very difficult

to justify significant amounts of

land being dedicated to land inten-

sive recreation like golf courses,

horse riding or dedicated hunting

grounds.

CMV: It is never acceptable/ok to 224 199 25
make fun of ANYONE’S appear-

ance.

provided supporting evidence for the subsequent claim “It creates an incentive that the government
wants you to die at 75 years old."

The disagreement stemmed from differing interpretations of claim" and premise" within the
context of the comment. After thorough discussion, the team determined that the sentence func-
tioned as a foundational statement supporting subsequent arguments rather than a standalone
position. This led to a guideline revision that clarified the distinction between claims and premises,
emphasizing the importance of examining logical relationships between sentences in context. The
sentence was ultimately annotated as a “premise", exemplifying how contextual dependencies
influence argument component classification.

This case served as a valuable reference point in developing our annotation guidelines and
illustrates the nuanced decision-making process in argument annotation.

C.3 Guiding for Data Annotation

The final annotation guideline including the follow: (1) For sentence splitting, prioritize punctuation-
based splits, but also split sentences where meaning is complete even without terminal punctuation.
If there is any ambiguity regarding the necessity of a split, the issue should be discussed collabora-
tively. (2) Sentences are labeled based on the definition given in table 2. (3) Sentence labels should
consider both the context of the individual comment and the context of the entire discussion thread.
(4) One sentence can only be labeled as one of the argument component. (5) Generally, Major Claim
should be labeled only once. (6) Claims in comments often stand alone, while premises tend to
follow and elaborate on the claim. (7) Context and audience interpretation must be considered
when labeling comments as nonsense. Based on the annotation guideline, three annotators further
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labeled all the data. (8) A shared Notion page documents relevant domain-specific knowledge and
terminology to ensure consistent understanding among annotators; this knowledge base is updated
iteratively after each annotation round to maintain accuracy.

C.4 The Prompt in Prototype
C.4.1 The prompt of Argument Component Extraction.

Role: You are an expert in argument mining, skilled at identifying a sentence’s argument
element based on definition and context.

Action: You will be provided with a sentence and a comment (context) indicating where
the sentence belongs within a larger argument. Your task is to analyze the sentence
and classify it as one of the following argument elements: Major Claim, Claim, Premise,
or Non-argument, based on the provided definitions: <Same definition in table 2>
Context: The input will consist of a “sentence"” and a “comment". The “comment”
provides context by showing where the sentence fits within a larger argument.
Expectation: Output the result in JSON format without code block markers:{ “sentence":

« oo«

..", “argument element": “." }

C.4.2 The prompt of Argument Relation Detection.

Role: You are an expert in discourse analysis, skilled at identifying relationships
between sentences based on support or attack.

Action: You will be provided with two sentences: “sentencel” and “sentence2. Your
task is to analyze the relationship between the two sentences and classify it as either
“Support” or “Attack.

Context: The input will consist of “sentencel" and “sentence2.” Use these to determine
how “sentence2" relates to “sentencel.’

Expectation: Output the result in JSON format without code block markers: { “sen-

"o«

tencel": “.", “sentence2": “."", “relation": “Support" or “Attack" }

C.5 Fine-tuning Technical Details

For fine-tuning, we first convert our labeled dataset into a fine-tuning dataset using a custom
script. The format of each conversation in the dataset should follow the guidelines for Azure
OpenAT’s fine-tuning APL’. After validating the data format, we upload the file to Azure Blob
Storage and reference its location when creating a fine-tuning job within the Azure OpenAlI Service.
Following standard practices for model evaluation, we employed a stratified split strategy: 60%
for training, 20% for validation, and 20% for testing, ensuring consistent distribution of different
argument components and relations across all sets. We employed GPT-3.5-turbo as our base model
and configured the training parameters with careful consideration of our dataset characteristics:
batch size of 8, learning rate of le-5, and warmup steps of 100. The model was trained for 4 epochs
with early stopping mechanism implemented to prevent overfitting. The fine-tuning process,
which took approximately 2 hours, yielded promising results across both tasks. For Argument
Component Detection, the model achieved F1 scores of 0.77. In Argument Relation Detection, the
model demonstrated performance with F1 score of 0.76. The training convergence analysis showed
that the loss stabilized during the third epoch, with optimal validation performance achieved in the
latter part of epoch 3.

"https://learn.microsoft.com/en-us/azure/ai- services/openai/tutorials/fine-tune
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C.6 Evaluation for Argument Mining Models

We evaluated argument component and relation extraction using three approaches. First, following
the methodology of Persua, we leveraged BERT for feature extraction from the training data. These
features were then input into several classic machine learning models (Logistic Regression, Linear
SVM, RBF SVM, Random Forest, Gaussian Naive Bayes, Nearest Neighbour, Adaboost Decision
Tree). A 5-fold stratified cross-validation was performed to evaluate and compare these models,
using the weighted average F1-score as the primary metric (see Table 4 Table 5). Second, we
explored the capabilities of latest large language models (GPT-40) in a few-shot learning setting. To
investigate the impact of the number of provided examples, we experimented with varying the
number of labeled examples used to guide the model’s predictions. Specifically, we tested sets of 4,
8, 12, and 16 examples (for relation detection are 2, 4, 6, and 8 examples). For each task, we selected
the results obtained using the number of few-shot examples that yielded the best performance.
The reported performance for Few-shot GPT-40 represents the average performance across three
different random seeds for the best-performing example size. Finally, for Instruction-tuned GPT-4o,
the average performance across three different random seeds is also reported.

D Explore Topic with LLM-powered agent
D.1 Prompt of Generating Pre-define Question for Topic Exploration

Role: You are a question generation expert specialized in creating comprehensive
exploration questions for discussion topics.

Task: Generate 5-6 pre-defined questions that cover the core aspects of the provided
discussion thread.

Input Format: - A discussion thread in JSON format containing comments and replies
- Each comment includes: name, comment text, and nested subcomments
Requirements for Generated Questions: 1) Coverage - Questions must cover main
arguments and counterarguments - Questions should address different perspectives
presented - Questions should explore key concepts and assumptions 2) Constraints -
Each question must be directly answerable from the discussion content - Questions
should not require information beyond the provided thread - Questions should be
neutral and not lead to specific conclusions 3) Structure - Questions should progress
from fundamental understanding to deeper analysis - Include both factual and analytical
questions - Avoid yes/no questions; prefer "what", "how", and "why" formats

Output format: { “pre_generated_questions": [{“id": “Q1", “question": “question_text",
“type": “fundamentalanalytical”, “aspects_covered": [“aspect1”, “aspect2"]}], “topic_summary":
“brief_topic_summary"}

Notes: - Each question should be answerable within 100 words - Questions should
encourage critical thinking - Questions should be self-contained and clear without
requiring additional context

E Question Generation and Feedback System
E.1 Critical Thinking Question Generation Details

E.1.1 Question Design Framework. To generate high-quality critical thinking exercises, we uti-
lize examples from the widely recognized Watson-Glaser Critical Thinking Appraisal (WGCTA)
[80]. The WGCTA’s focus on assumptions, arguments, deductions, inferences, and information
interpretation directly addresses our desired critical thinking skills. By employing the WGCTA’s
structured question format (statement-question-options-answer-explanation), we ensure a clear
and consistent framework for our multiple-choice questions (MCQs). However, to foster deeper
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engagement and a more nuanced understanding, we supplement these MCQs with open-ended
questions, such as "counter-argument,’ "supporting evidence," and "constructing a new argument.”
These encourage students to analyze arguments critically, generate diverse perspectives, and partic-
ipate in active argument mapping, ultimately strengthening their critical thinking abilities beyond

simple knowledge recall.

E.1.2  Prompt Design. The process of achieving desired outputs from the language model required
iterative prompt engineering - a complex undertaking that demands systematic refinement. We
adapted an existing MCQ generation framework [4] that demonstrated superior performance with
GPT-3.5 in MCQ generation tasks, extending its application from high school-level assessments to
critical thinking evaluations.

Drawing from the general guidance provided in the Watson-Glaser Critical Thinking Appraisal
(WGCTA), we extracted key design principles and incorporated them into our MCQ generator
prompts:

(1) Questions should focus on testing reasoning processes rather than domain knowledge, en-

suring all necessary information is provided within the stem.

(2) Each item must explicitly target specific evaluation skills (inference, assumption identification,

deduction, interpretation, or argument evaluation).

(3) Question design should maintain appropriate difficulty without becoming overly complex or

time-consuming,.

(4) Strategic incorporation of common logical fallacies (e.g., straw man arguments, correlation-

causation confusion) to develop users’ ability to identify and evaluate argument validity.

To address the five distinct question types within the WGCTA framework, we developed five
specialized prompts, each supported by 15 illustrative examples. The final prompt structure is
showed below:

Create a critical thinking Training question based on the provided text.

You must strictly adhere to the following format without any errors: > [Insert a self-
contained question stem that: - Provides all necessary information - Tests reasoning
rather than factual recall - Maintains appropriate complexity - May incorporate logical
fallacies where relevant]

a) [Option A] b) [Option B] c) [Option C] d) [Option D]

* Correct Answer: [Insert the letter corresponding to the correct answer]

* Explanation: [Explain the logical process for determining the correct answer and why
other options are incorrect]

Please ensure: 1. The question tests reasoning process rather than mere recall 2. The
stem contains all information needed to reach the answer 3. The complexity level is
appropriate for critical thinking assessment

The text is: {text}

Examples are: { Examples }

E.1.3 Critical Thinking Question Examples. Our prompt engineering approach builds upon and
extends existing prompt frameworks, utilizing WGCTA critical thinking questions (as shown in
Table ??) as few-shot examples and leveraging GPT-4’s advanced capabilities to generate high-
quality MCQs. The following example in table 15 illustrates the output of our optimized prompt,
which was applied to comments from the ChangeMyView community discussion thread titled
"CMV: Euthanasia should be considered a fundamental right, and specific conditions should govern
its implementation." The following is the content of the comment (from @Finklesfudge): Humans
and governments work almost exclusively at their most basic on incentive. Any decision you basically
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Table 15. Examples of Generated Critical Thinking Questions in Five WGCTA Categories: Analyzing Argu-
ments, Assumptions, Deductions, Inferences, and Interpreting Information

Statement

Question

Options Ans

Explanation

Does incentivizing death at a
certain age lead to ethical dilem-
mas and societal issues?

Humans and governments
work almost exclusively at
their most basic on incentive.
Any decision you basically
ever make in politics and
government, the first thing
you need to look at is what
incentives does this create and
what incentive can I foresee it
creating.

The comment implies that both
the government and families
may prefer individuals to die at
age 75 due to financial and so-
cial incentives.

Comment itself.

The writer of the comment sug-
gests that certain incentives cre-
ated by the government and
family structures implicitly en-
courage individuals to die by
the age of 75. This conclusion
is drawn based on a perceived
lack of support, respect, or re-
sources for individuals beyond
that age.

Argument: Yes, creating incen-
tives for dying at a specific age,
such as wanting individuals to
die at 75, introduces ethical con-
cerns and societal pressures.

Assumption: Decisions in poli-
tics and government are driven
primarily by incentives.

Conclusion: The comment pro-
motes the idea that living be-
yond age 75 is more of a per-
sonal burden than a societal
benefit.

The comment implies that so-
cietal and governmental incen-
tives might discourage people
from living past the age of 75.

Conclusion: The incentives
mentioned in the commentary
encourage the society as a
whole to value members only
until the age of 75.

a) Strong Argument a
b) Weak Argument

a) Assumption Made a
b) Assumption Not Made

a) Conclusion Follows b
b) Conclusion Does Not
Follow

a) True a
b) Probably True

¢) More Information Re-
quired

d) Probably False

e) False

a) Conclusion Follows a
b) Conclusion Does Not
Follow

The argument raises ethical
concerns about incentivizing
death, which directly addresses
a potential societal issue. It ex-
plains the negative implications
and pressures this could create,
making it a strong argument.

The statement explicitly states
that all decisions in politics and
government are driven by in-
centives. Hence, it assumes that
incentives are the primary driv-
ing force behind decisions in
these areas.

The comment describes how in-
centive mechanisms may lead
governments and families to
prefer death at age 75, and crit-
icizes the harmful nature of
such incentive structures, but
it does not express or promote
the value judgment that "living
beyond 75 is more of a personal
burden than a societal benefit"
- thus the conclusion involves a
logical leap and cannot be de-
rived from the original text.

The comment argues that in-
centives for both government
and family could be aligned in
such a way that they might pre-
fer individuals do not extend
their lives past 75, framing it as
a systemic issue.

The comment outlines a sce-
nario where both the govern-
ment and family could have in-
centives to prefer individuals
to not live beyond 75, imply-
ing a societal value placed on
individuals primarily until that
age. Therefore, the conclusion
follows as per the logic outlined
in the comment.

ever make in politics and government, the first thing you need to look at is what incentives does this
create and what incentive can I foresee it creating. So what incentive does this create? It creates an
incentive that the government wants you to die at 75 years old. It’s also a very easy to foresee incentive
that your family may want you to die at 75. So you don’t spend your money and they get more, they
don’t have to take care of you, they don’t lose their money either. You listed out half the incentive
structure already, "No job, no dignity, no respect, they are angry, kids are gone, you are a burden, you
are a bother, you worry" Sheesh... with that kind of talk... what’s the incentive structure you’ve set up
here? You’ve given almost everyone an incentive to want you to die and if you don’t? What a burden...
how selfish... no respect... why don’t you die with dignity? This is a terrible idea.
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Table 16. Examples of WGCTA Critical Thinking Questions (Part 1): Analyzing Arguments, Assumptions, and

Deductions

Statement Question Options Ans  Explanation
Should companies down- Argument: Yes, downsizing a) Strong Argument b Accepting the argument as
size their workforces to de- will protect the company b) Weak Argument true, avoiding bankruptcy
crease expenses and max- from bankruptcy in hard is an essential motive for
imise profits? economic times. an organisation, however,
the statement does not dis-
cuss bankruptcy, rather it
is discussing profits and ex-
penses. Protection against
bankruptcy is not the topic,
and is straying from the
point, and is, therefore a
weak argument.
Monarchic nations, ie. Assumption: The govern- a)Assumption Made b Explanation: The statement
those with royal families, ment of monarchic nations b) Assumption Not does not rely on the fact
differ from republic nations ~ are responsible for setting Made (or assumption) that gov-
in several ways. An ex- tax rates on their citizens. ernments set tax rates for
ample of this difference is their citizens. The state-
that citizens of monarchic ment doesn’t attempt to ex-
nations pay more tax than plain what causes the dif-
citizens of republican ference in tax payments,
nations. merely that there is a dif-
ference.
In an attempt to cut ex- Outsourcing functions to a) Conclusion Follows b Although this company

penses, an organisation dis-
banded its IT department
and outsourced its IT func-
tion to a business process
outsourcing company. In
doing so the company has
managed to save 20% on its
IT function expenditure.

business process outsourc-
ing companies will cut ex-
penses.

b) Conclusion Does
Not Follow

saved money on their
IT function, it does not
state that other companies
will also save money, or
that other functions if
outsourced would
companies money.

save
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Table 17. Examples of WGCTA Critical Thinking Questions (Part 2): Inferences and Interpreting Information

Statement

Question

Options

Ans

Explanation

Turkey is a surprising addi-
tion to the list of rapidly de-
veloping economies; with a
GDP increase of 8.5% in the
year 2011 alone. However,
such rapid growth leaves
worries regarding possible
side-effects. For instance,
in 2011 Turkey’s rate of
inflation was well above
that of its peers. Secondly,
there is increasing concern
regarding Turkey’s grow-
ing dependency on foreign
capital. A large portion of
the Turkish banking sys-
tem is part-owned by banks
within the Eurozone. As
the single currency falters,
such a dependency raises
questions about the stabil-
ity of Turkish growth.

The Tapoloa Club is a
Hawaiian-themed night
club in central London.
Its most popular drink
is the Volcano, which
emits sparks and flames.
The Tapoloa Club also
offers a range of cocktails
in perverse containers
such as pineapples and

coconuts, such as the
‘coconut express’ and
the ’pineapple pick-up’

respectively. Therefore:

There are concerns that
Turkey’s development is at
risk of faltering in the years
after 2011.

Conclusion: The ’coconut
express’ is the second most
popular drink sold by the
Tapoloa Club.

a) True

b) Probably True

¢) More Information
Required

d) Probably False

e) False

a) Conclusion Follows
b) Conclusion Does
Not Follow

a

b

This inference is true. The
passage states that Turkey
is a ’surprising’ addition to
the list of countries whose
economy is rapidly devel-
oping. This suggests that it
is performing above expec-
tations. The passage then
goes on to note that there
are worries regarding the
possible side effects of such
growth. This suggests that
there are concerns such
growth will be short lived.

The statement does not
state the popularity of the
‘coconut express’, it just
mentions its name, so we
cannot therefore make a
conclusion of its popular-
ity, the conclusion there-
fore does not follow.
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