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Abstract

Generative Al tools are increasingly used by students for writ-
ing support, yet many existing systems risk promoting cognitive
offloading, dependency, and homogenized thinking by providing
direct answers or polished content. In this paper, we present Maike,
a student-centric educational chatbot designed to foster critical
thinking through Socratic dialogue rather than content generation.

Maike combines four modules: (1) argument mining, (2) peda-
gogical strategy selection, (3) critical question generation, and (4)
Socratic dialogue.

Instead of polished, pre-packaged text, Maike poses targeted,
thought-provoking questions to encourage students to articulate
assumptions and evidence, and refine arguments.

We describe Maike’s architecture, whose main technical contri-
bution is the integration of argument mining, pedagogical strategy
selection, critical question generation, and Socratic dialogue, and
discuss its design principles across four dimensions for responsi-
ble educational Al: cognition, agency, emotion, and ethics. Our
approach emphasizes desirable difficulties, learner autonomy, and
privacy-preserving deployment via small open-source language
models running locally. In future work, we plan to evaluate Maike
in classroom studies to assess learning outcomes and its impact
on the students’ independent writing and critical thinking skills.
This work describes a concrete example of how generative Al can
be designed as a cognitive scaffold rather than a cognitive substi-
tute, offering practical guidance for human-centered Al tools in
education.
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1 Introduction

Generative Al is rapidly entering educational contexts, offering new
forms of writing support but also leading to cognitive offloading,
dependency, and homogenized thinking [7].

Most existing systems prioritize fluency and answer quality, po-
sitioning students as passive recipients rather than active thinkers
[10]. In the context of Tools for Thought, a central question emerges:
how can generative Al support learning without replacing human
thought?

We argue that educational Al should act as a cognitive scaffold
rather than a cognitive substitute; preserving productive struggle,
learner agency, and reflective reasoning. In this paper, we present
Maike, a student-centered educational chatbot that supports essay
writing through Socratic dialogue. Instead of generating content,
Maike poses targeted critical questions grounded in automatic ar-
gument analysis and pedagogical strategies, helping students ar-
ticulate assumptions, examine evidence, and iteratively strengthen
their arguments.

Maike integrates four modules (argument mining, pedagogical
strategy selection, critical question generation, and Socratic dia-
logue) to support the thinking process rather than deliver content.

We contribute with a concrete design instantiation of generative
AT used as a Tool for Thought, articulated through five principles:
(1) question-first interaction, (2) intentional pedagogical friction,
(3) dialogue over delivery, (4) argument-aware prompting, and (5)
local-first deployment. We conclude by outlining future classroom
studies of Maike to assess learning outcomes and its impact on the
students’ independent writing and critical thinking.

2 Maike as a tool for thought

Maike [5] is an educational chatbot that supports students in de-
veloping their essay writing skills through Socratic dialogue [11].
Relative to more conventional ITS formulations surveyed in Zerk-
ouk et al. [15], Maike adopts a dialogic, question-first formulation,
while adding argument-aware analysis to steer the interaction. Its
goal is twofold: first, to assist students in improving the quality of
their essays, and second to cultivate a habit of engaging with topics
in a critical, structured, and cogent manner.

Design principles for tools for thought. We propose five principles—
referred to with the acronym QALDI—for designing generative Al
tools as cognitive scaffolds rather than cognitive substitutes, explic-
itly positioning Maike as a Tool for Thought:
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(1) Question-first interaction (Q), prioritizing asking targeted
questions over providing answers;

(2) Argument-aware interaction (A), grounding prompts in
the learners’ own reasoning to support metacognition and
revision;

(3) Local-first architectures (L), which reinforce learner agency,
privacy, and equitable access;

(4) Dialogue over delivery (D), framing Al as a conversational
partner that supports sense-making rather than a source of
polished content; and

(5) Intentional pedagogical friction (I), introducing desirable
difficulties that promote reflection and durable learning;

The QALDI principles place Al tools as a medium for thinking,
reflective reasoning, learner autonomy, and intellectual ownership
rather than optimizing for convenience, engagement or fluency.
They are intended as design guides rather than objectives to max-
imize simultaneously, and must therefore be balanced in context,
for instance between local deployment, analysis quality, and the
amount of pedagogical friction appropriate for a given learner.

Maike’s architecture. We adopt the QALDI principles in Maike,
whose architecture is depicted in Fig 1.

1. Argument Mining: This module analyzes the student’s es-
say and automatically segments it into arguments, classifying the
argument components into three types (claims, premises and coun-
terarguments) [6, 8]. It also evaluates the quality of each argument
component, and the overall quality of the essay, based on three
complementary dimensions: logical cogency, reasonableness, and
rhetorical effectiveness [13]. It is implemented by means of open-
source, small LLMs which achieve state-of-the-art performance
while preserving the students’ privacy and enabling ease of access.

2. Pedagogical Strategy: Based on the output of the argument
mining module, this component determines an appropriate peda-
gogical strategy. Concretely, it maps detected weaknesses to tutor-
ing moves such as asking for clarification, requesting supporting
evidence, eliciting counterarguments, or probing underlying as-
sumptions. The choice is conditioned by the type and quality of the
detected argument component, and is passed to the downstream
question generation module to control both the critical question
posed and the subsequent dialogue focus.

3. Critical Question Generation: Using both the argument
analysis and the selected pedagogical strategy, this module gener-
ates a set of critical questions designed to challenge the student’s
reasoning. It then selects the most pedagogically relevant ques-
tion to present [3]. This module is also implemented by means of
open-source, small LLMs.

4. Socratic Dialogue: Engaging the student in a Socratic dia-
logue [11] centered around the selected critical question by means
of an open-source small LLM, Maike dynamically adapts the conver-
sation based on the student’s responses, continuing the exchange
until a satisfactory answer is provided. The improved reasoning
can then be integrated back into the student’s essay [4].

3 Responsible Al in Education

The previously described QALDI principles shape Maike’s design
and motivate a responsible use of Al in education to preserve think-
ing, learner ownership, and reflective engagement while reducing
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risks related to cognitive offloading, dependency, privacy, and aca-
demic integrity. In this section, we describe these design intentions
across four dimensions (cognitive, agentic, emotional, and ethical),
summarized in Table 1. The cognitive dimension is the most directly
instantiated in the current architecture, whereas the broader claims
regarding agency, emotion, and ethics should be read as hypotheses
to be examined in future classroom studies.

3.1 Cognition

Regarding the cognition dimension, Maike implements three peda-
gogical design principles to support cognitive development instead
of replacing it.

Fostering Critical Thinking Rather Than Enabling Cognitive Of-
floading. Unlike many Al tools that provide pre-digested answers,
Maike is designed to stimulate cognitive effort by posing personal-
ized and targeted critical questions. This approach actively counters
the tendency for cognitive offloading and encourages intellectual
resilience. Instead of automating thought, Maike prompts users to
engage in reflective analysis, thus fostering sustained critical think-
ing. For instance, instead of simply responding with an improved
version of the essay, Maike might ask, “What counterarguments
might challenge this position?” or “Why do you think this evidence is
convincing?” These kinds of prompts require the student to pause,
consider multiple perspectives, and make their reasoning explicit,
key components of critical thinking, counteracting the overreliance
on automated answers and promoting intellectual resilience. By
avoiding shortcuts and encouraging students to do the cognitive
work themselves, Maike supports the development of analytical
habits that extend beyond a single interaction.

Pedagogically Grounded Design. Maike is grounded in established
educational theories and promotes active learning by prompting
students to think, reflect, and respond rather than passively receive
information. Instead of stating that an argument is weak, it asks
questions such as “What evidence could strengthen this claim?”,
initiating Socratic dialogue that supports revision and reasoning.
Drawing on constructivist principles, Maike builds on students’
existing ideas: rather than overriding partially formed thoughts, it
poses follow-up questions like “How does this connect to your earlier
point?” or “Can you clarify the relationship between these two ideas?”
to help refine thinking. It also provides adaptive scaffolding by
tailoring questions to the student’s inferred level of understanding,
posing nuanced challenges (e.g., “What assumptions underlie your
argument?”) for advanced students and simpler prompts (e.g., “What
is your main point here?”) for beginners; supporting progressive
development toward independent thinking.

Desirable Difficulties. Maike is designed to counteract the effort-
avoidance tendency reinforced by many Al tools. Rather than priori-
tizing fluency or user satisfaction, it introduces pedagogical friction
(intentional cognitive effort) as a central feature of the learning
process. Through personalized, Socratic questioning (e.g., “What
assumption does this rely on?”, “How does this counterpoint chal-
lenge your claim?”), Maike prompts students to retrieve, reassess,
and refine their thinking. These questions are calibrated to stretch
the student’s reasoning without overwhelming them, based on the
content of their essay. This approach reframes mental effort not
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Mode 1: Generation of a targeted critical question

Essay question
Does social media hinder or

enhance critical thinking?

Argument mining

2. Analysis of the arguments, their quality
and the global quality

1. Student write their essay

-—)

Social media can enhance critical thinking & Platforms like Twitter and
Reddit expose users to diverse viewpoints & Some users write long
posts, which might show deep thinking & However, most content is
designed for quick reactions, not thoughtful analysis @

[.] Social media can enhance critical
thinking. Platforms like Twitter and Reddit
expose users to diverse viewpoints. Some
users write long posts, which might show.
deep thinking. However, most content is
designed for quick reactions, not
thoughtful analysis [...]

Logical cogency X Rhethorical effectiveness @ Reasonableness &

Claim Premise Rebuttal

' 3. Select a pedagogical strategy to '
guide question generation targeting

Critical question generation 9
[}

Pedagogical strategy

4. Given the essay analysis and the
pedagogical strategy, generate a
targeted critical question aiming to
improve the essay

the student's weaknesses

Focus on improving the premise:
“Some users write long posts, which might show
deep thinking

What evidence is there that users who write long
posts are actually engaging in critical thinking rather
than just expressing strong opinions?

Mode 2: Help the student to provide an efficient response

6. Student improve
their essay accordingly

[] Social media can enhance critical
thinking. ~ Platforms like Twitter and
Reddit expose users to diverse
viewpoints. Some users write long posts,
which might show deep thinking—
especially when they include evidence or
consider multiple perspectives. However,
most content is designed for quick
reactions, not thoughtful analysis [...

Student

Updated essay

You mentioned that users who write long posts might be showing deep thinking. That could be true,
but... how can we know they’re really thinking critically and not just sharing strong opinions?

Because they’re writing a lot? Doesn’t that mean they’ve thought about it?

Sometimes, yes. But writing a lot doesn’t always mean it’s thoughtful. What kind of evidence could

If they use facts or explain different sides?

Exactly! Critical thinking usually means looking at more than one point of view, giving reasons, or
using good evidence. Please go head and update your essay accordingly

5. Ask the question and engages
in a Socratic dialogue

you look for to tell the difference?

Socratic chatbot

Figure 1: Maike’s architecture with its four modules: argument mining (purple), pedagogical strategy selection (orange), critical question generation (blue) and Socratic dialogue (green).
Given an essay written by the student (step 1), Maike extracts its arguments, their type and quality (step 2); selects a pedagogical strategy to guide question generation (step 3); generates a
targeted critical question (step 4); asks the question and engages in a Socratic dialogue (step 5) to help the student improve their essay (step 6) in an iterative manner.

as failure, but as a signal of meaningful engagement. By sustain-
ing productive difficulty, Maike fosters long-term retention, critical
thinking, and resistance to cognitive offloading; avoiding simplifi-
cation in favor of intellectual growth.

Table 1: vaike’s pedagogical design principles regarding the cognitive, agency, emo-
tional, and ethical dimensions

Dimension Key Idea

Cognition

Foster critical
thinking
Pedagogically
grounded design
Desirable difficulties

Autonomous
thinking
Mitigation of
knowledge
homogenization

Self-efficacy
regulation
Mitigates inadequacy
Privacy protection
Academic integrity
Equity

Fairness

Counters cognitive offloading by prompting reflection and analysis;
encourages resilience and independent reasoning.

Based on constructivist principles and scaffolding; adapts to stu-
dent’s level; promotes active learning through Socratic questioning.
Introduces productive cognitive effort; reframes struggle as mean-
ingful engagement; fosters retention and intellectual growth.

Agency

Aims to mitigate overreliance on Al; positions chatbot as a partner
in inquiry; supports autonomy and metacognitive awareness
Aims to encourage diverse perspectives and original thinking;
reduces convergence towards standardized Al-shaped responses.

Emotion
Socratic dialogue is intended to support self-efficacy, confidence,
and ownership of reasoning.
May reduce Al-related discomfort and feelings of inadequacy.

Ethics

Local, open-source models ensure data security and foster safe
exploration.
Avoids plagiarism by not generating content; instead engages stu-
dents in reflective dialogue.
Local deployment may reduce financial and technical barriers,
supporting more inclusive access.
Socratic questioning aims to reduce exposure to bias/hallucinations
and emphasizes critical engagement over information delivery.

3.2 Agency
Regarding agency, Maike adopts two pedagogical principles.

Autonomous Thinking. In addition to fostering critical thinking,
Maike is explicitly designed to mitigate the risks of Al-induced
dependency, particularly overreliance and the uncritical acceptance
of polished, pre-formulated chatbot responses. Maike acts as a part-
ner in critical inquiry instead of positioning itself as an expert,
encouraging students to remain cognitively engaged and foster-
ing metacognitive awareness and intellectual autonomy. Therefore,
Maike aims to retain the students’ agency in their educational
journey while benefiting from Al as a reflective scaffold rather than
a substitute for thought.

Mitigation of Knowledge Homogenization. Built with a student-
centric perspective, Maike supports students to articulate their own
ideas, question assumptions, and consider multiple perspectives.
This dialectic model is intended to foster intellectual diversity and
autonomy, helping students develop original, well-structured po-
sitions instead of converging toward standardized or Al-shaped
responses.

3.3 Emotion

By engaging students in Socratic dialogue, Maike is intended to
support reflection, intellectual autonomy, and sustained cognitive
effort without taking over the writing process. We hypothesize
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that this form of assistance may support students’ sense of owner-
ship and self-efficacy more effectively than answer-giving systems,
while future classroom studies are needed to assess whether it
also reduces Al-related discomfort, guilt, or feelings of inadequacy
across different learners.

3.4 Ethics

In terms of the ethical dimension, Maike focuses on four key ele-
ments, described next:

Privacy Protection. Since Maike runs locally on the students’
devices using open-source LLMs, it ensures that no personal or
academic data is ever sent to external servers. This design protects
the students’ privacy and empowers institutions, preserving the
essential pedagogical value of learning through trial and error, and
fosters a safe environment that encourages curiosity and intellectual
risk-taking without the pressure of being constantly monitored.

Academic Integrity. Unlike general-purpose Al-based chatbots
that often provide direct answers or essay content—thus enabling
plagiarism or shortcut-seeking behavior, Maike does not generate
content for students. Instead, it engages them in reflective question-
ing and guided dialogue modeled on Socratic principles, avoiding
contributing to academic misconduct.

Equity. Our methodology promotes educational equity by lever-
aging small, open-source LLMs that run locally on personal com-
puters. This design reduces technical and financial barriers to ad-
vanced educational technologies, enabling access regardless of
socio-economic background or geographic location. By eliminating
reliance on high-end infrastructure or costly cloud services, Maike
supports more inclusive and democratized access to personalized
learning.

Fairness. Maike is designed to ask targeted, pedagogically in-
formed questions rather than provide direct answers. This Socratic
approach minimizes the influence of potential model biases or hal-
lucinations, as the system does not assert content but instead guides
students to think critically and develop their own responses. By
focusing on dialogue rather than information delivery, the risk of
misinformation or uneven guidance is significantly reduced.

4 Current results and future classroom study

We provide an overview of the empirical evaluation of Maike’s
modules and outline the next steps, including a user study with
high school students.

Argument Mining Module. In Favero et al. [8] and Favero et al. [6],
we investigate small, open-source decoder-only LLMs for argument
mining, focusing on argument component classification and quality
assessment in student essays. Contrary to prior work relying on en-
coder or encoder-decoder models, we show that lightweight LLMs,
such as Llama 3.1 8B [2] and Qwen 2.5 7B [14], can be effectively
applied via few-shot prompting and fine-tuning. Experiments on
the Feedback Prize dataset [1] (grades 6-12) demonstrate that these
models outperform baselines in argument type classification and
achieve competitive results in quality assessment.
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Critical Question Generation Module. In Favero et al. [3], we in-
vestigate the potential of LLMs to promote deeper reasoning by
generating critical questions that challenge vague or unsupported
claims in argumentative discourse. Conducted as part of the shared
task on automatic critical question generation at the 12th Work-
shop on Argument Mining at ACL 2025 [9], this study introduces a
two-step framework that leverages two small-scale, open-source
LLMs: a Questioner, which generates multiple and diverse candi-
date questions using various prompts with or without argumen-
tation theory and a Judge, which selects the most relevant and
thought-provoking questions. Our system was the winner of the
competition, ranking first in the shared task, which illustrates the
potential of LLM-based approaches to promote critical engagement
with argumentative texts.

Socratic Dialogue Module. In Favero et al. [4], we introduce a first
version Maike that implements the Socratic module. This version
is based on Paul and Elder [11]’s Socratic method, prompting stu-
dents to examine diverse perspectives and engage in self-reflection
through structured, thought-provoking questions. This approach
is achieved by fine-tuning and prompt-tuning an open-source pre-
trained LLM (we compare Llama 2 models with 7B and 13B pa-
rameters [12]) using a specialized dataset designed to encourage
critical thinking and explore multiple viewpoints !. We evaluate the
effectiveness of our approach through a series of experiments sim-
ulating student-chatbot interactions, aimed at assessing its impact
on students’ critical thinking skills. The results show that the So-
cratic tutor significantly outperforms standard chatbots in fostering
reflection and critical reasoning.

Limitations and future work. While preliminary results in evalu-
ating Maike’s individual modules are promising, the work remains
exploratory. To date, the system has only been evaluated through
offline experiments and simulated student interactions, with no
classroom deployment. Consequently, important questions remain
regarding how real students will experience sustained Socratic
friction, including potential frustration, disengagement, or uneven
benefits across learners. Moreover, the long-term impact of repeated
interaction with Maike on the students’ independent essay writing
practices and critical thinking habits is still unknown. To address
these limitations, we plan to perform in-situ classroom studies to
evaluate the full framework with students. These studies will assess
the combined contribution of all modules and examine both im-
mediate effects, such as improvements in the current essay, and as
medium- and long-term outcomes, including the students’ ability to
write high-quality essays independently (without relying on Maike)
and the development of critical thinking skills over time.

5 Conclusion

This paper presents Maike as a Tool for Thought educational chat-
bot that prioritizes thinking with AI rather than delegating the
thinking to Al Its main technical contribution is the integration of
argument mining, pedagogical strategy selection, critical question
generation, and Socratic dialogue within a question-first, local-
first design. While current results for the individual modules are
promising, this work remains exploratory, and broader claims about
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learner agency, emotion, and ethics remain design hypotheses to
be tested in future classroom studies.
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