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Reframing LLM tutors from knowledge-passing systems to constructivist collaborators

Abstract. Current Large Language Model (LLM) tutors mimic traditional teachers, focusing on
knowledge-passing. We propose reframing them as knowledge-building partners, shifting to a construc-
tivist approach that empowers learners as active knowledge creators. We examine six key dimensions:
cognitive engagement, cultural responsiveness, formative assessment, power dynamics, accountability,
and metacognition, outlining desiderata for LLM tutors in each area. By reimagining LLMSs’ role, we
can potentially transform education while addressing longstanding challenges.
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1 Introduction

Large language models (LLMs) are driving the evolution of intelligent tutoring systems towards personalized
and adaptive education [1]. For instance, Khanmigo!, developed by Khan Academy in collaboration with
OpenAl, can tutor students through Socratic dialogues, guiding them towards answers with targeted questions,
offering personalized explanations and instant work feedback. Although current LLM tutors facilitate
one-on-one tutoring [2], they are primarily directed toward mimicking teachers and their knowledge-passing
tendencies and mitigating concerns about academic integrity [3]. Specific instructions to LLM tutors include
withholding answers to encourage critical thinking, imposing roleplay constraints to maintain academic
integrity, enforcing topic restrictions to prevent misuse of the technology, and limiting the LLM’s ability to
generate specific types of content such as sensitive or inappropriate material [4, 5], etc. While such strategies
may help provide immediate guidance and convey knowledge, they fall short of realizing the full potential of
LLMs in education.

Instead, we propose that LLM tutors should be geared towards fostering knowledge-building conversations
within learning communities [6] as knowledge-building partners. Our perspective is based on constructivist
teaching methods [7] and aims to empower learners to take an active role in developing and improving ideas,
moving beyond passive retention of information to engage in meaningful, collaborative learning experiences.
For instance, in learning about why dinosaurs disappeared, instead of simply stating that an asteroid hit

thttps://www.khanacademy.org/khan-labs
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the planet and caused their extinction, teachers can engage students by asking, “What ideas do you have
about why dinosaurs may have disappeared? [8, 9, 10]” Student talk moves could include suggestions such as
extreme temperatures, disappearing food sources, dangerous predators, etc. The teacher can then facilitate
a discussion on developing these ideas into theories, considering different perspectives that have been put
forward on the mass extinction event, and exploring articles seeking evidence for and against alternative
theories. Such knowledge generation activities are crucial to productive learning, but unfortunately, they are
challenging to enact in current classroom settings [11].

In current classrooms, traditional teaching methods, rigid curricula, assessment practices, classroom dynamics
and its culture frequently prohibit knowledge-building discourse [12, 13]. Some teachers view the teaching
process as a formal knowledge transfer from expert instructors to inexperienced learners [14]. Consequently,
students are positioned as mere recipients of information and this learning environment design fails to
capitalize on the diverse perspectives and experiences that students bring to the classroom. Al tutors have
potential to overcome these limitations by creating decentralized, open, and interactive learning environments
essential for engaging students in meaningful and collaborative knowledge-building activities [15]. LLMs with
their vast knowledge base, advanced natural language processing capabilities, and contextual understanding,
can facilitate rich, interactive dialogues that prompt critical thinking, encourage questioning, and help students
connect ideas, develop theories, and build their knowledge [16].

Given these capabilities, we identify desiderata for LLM tutors to address longstanding issues in K-20
education by examining current constraints to knowledge-building ‘learning conversations.” Specifically, we
conjecture how LLM tutors can address challenges in cognitive engagement, cultural responsiveness, formative
assessment, power dynamics, accountability, and metacognition within knowledge-building conversations.
For each dimension, we identify needs and operationalization challenges in current classroom settings and
propose requirements for LLM tutors that reframe their role in education. By shifting from knowledge-passing
to knowledge-building discourse, LLM tutors can create more engaging, effective, and transformative learning
experiences. These advancements will be important not only for K-20 formal education but for professional
learning among adults [17].

2 Current Challenges in Knowledge-Building

Decades of educational research and studies in the learning sciences have surfaced a variety of learning
environment dimensions that are central to their effective functioning as knowledge-building communities.
Here, we provide briefs into six vital dimensions and critically consider how LLMs might contribute to their
embodiment in learning environments by productively exploiting their unique affordances as augmentation
engines for human intelligence.

2.1 Cognitive Engagement

Cognitive engagement is crucial for effective learning, defined in terms of the depth of processing and the
quality of thinking strategies students use in their learning tasks [18, 19]. Studies show it leads to better
retention, more nuanced understanding, and improved ability to apply knowledge in new contexts [20].
Cognitive engagement is the difference between memorizing facts for a test and genuinely engaging with
concepts to develop lasting comprehension [21]. Yet many teachers struggle to consistently create learning
environments to promote high levels of cognitive engagement for all students [22, 23].

Designing activities sufficiently challenging yet accessible to students with diverse abilities and backgrounds
is complex. This challenge is rooted in the concept of the Zone of Proximal Development (ZPD), introduced
by Vygotsky [24] - the space between what a learner can do without assistance and with adult guidance
or collaboration with more able peers. Educators must create tasks that are within each student’s ZPD,
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which varies widely in diverse classrooms [25]. It is crucial to consider the diverse types of educational
conversations that can foster deep learning. For instance, critical literacy discussions can promote analysis of
underlying messages and biases in texts, developing students’ competence in questioning societal and cultural
assumptions [26]. Similarly, problem-based learning (PBL) discussions engage students with complex,
real-world problems, enhancing research and collaborative skills [27]. However, effectively facilitating these
varied conversation types requires significant educator skill, and traditional assessment methods often fall
short in capturing the nuanced learning outcomes of such diverse dialogic interactions [28, 29].

LLMs may offer promising solutions to these challenges by supporting a wide range of discourse patterns and
approaches, adapting to various conversational styles. They can simulate different roles (aka ‘persona’: [30])
in role-playing conversations, assist in brainstorming sessions, and provide instant feedback in reciprocal
teaching scenarios [16]. Moreover, LLMs can help address the challenge of personalization in diverse
classrooms by tailoring conversations to individual students’ interests, cultural backgrounds, and learning
paces.

Desiderata for LLM Tutors:

* Discourse Versatility: LLMs should be capable of facilitating various types of educational
conversations, including critical literacy discussions and problem-based learning dialogues,
adapting their communication style accordingly.

* Generative Questioning: The system should generate thought-provoking questions that stimulate
critical thinking and encourage students to make connections across concepts and domains.

2.2 Cultural Responsiveness

Any teacher knows about the tremendous variability among their students in cultural heritage and many other
aspects of their identities the teacher needs to understand to provide effective instruction. Teachers can make
efforts to throw cultural relevance bridges during classroom interactions concerning topics being learned
to the different students, leveraging their out-of-school experiences and background cultural knowledge.
For instance, Ladson-Billings [31, 32] observes that “Teachers who foster cultural competence understand
that they must work back and forth between the lives of their students and the life of school.” Au and
Jordan [33] called teacher pedagogy in a Hawaiian school “culturally appropriate” when it incorporated into
reading instruction features of students’ cultural backgrounds. Students used their Native Hawaiian children
talk-story interaction style on standardized reading tests, achieving at higher than predicted levels. Mohatt
and Erickson’s study of teacher-learner “culturally responsive” interactions and participation structures for
Native American students discovered teachers using language interaction patterns like students’ home cultural
patterns were better at improving student academic performance [34, 35, 36].

However, implementing culturally responsive pedagogy presents significant challenges. In diverse classrooms,
balancing the needs and cultural backgrounds of multiple student groups simultaneously can overwhelm them.
Teachers struggle to spontaneously draw upon students’ cultural knowledge and experiences to illustrate
academic concepts, especially when working with diverse classrooms [37]. This difficulty stems from the
complex interplay of content knowledge, pedagogical skills, and cultural understanding required to create
these bridges in real time.

LLMs could be engineered to be attentive to and respectful of each student’s cultural identities and funds of
knowledge [38], potentially overcoming some of the challenges human teachers face in implementing culturally
responsive practices. LLMs could be programmed to generate culturally relevant examples, analogies, and
connections on the fly, drawing from various cultural contexts to illustrate academic concepts [37]. This
capability could help address the difficulty teachers often face in spontaneously creating cultural bridges
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during classroom interactions. But it is essential to note that LLMs currently lack a valid theory of mind — the
ability to track other people’s mental states — about the learner with which they are interacting—although
technical progress is being made in this regard [39].

Desiderata for LLM Tutors:
e Cultural Knowledge Integration: LLM tutors should generate and use culturally appropriate
analogies, metaphors, and examples that resonate with individual students’ backgrounds.
e Cultural Competence Development: Encourage students to explore and articulate their own
cultural identities while fostering understanding and appreciation of others’ cultures.

2.3 Formative Assessment

Formative assessment is essential to the regulation of the learning process [40, 41]. It refers to the ongoing
interactive evaluation employed by both educators and learners to assess learning progress as it occurs [42].
Pellegrino compellingly describes it as ‘assessment for learning’ in contrast to ‘assessment of learning’ [43].
To effectively provide formative assessments, teachers must (1) notice student behavior and engagement
during the learning process, (2) recognize or interpret the observations in the context of learning goals and
expected progress, and (3) respond by adjusting instructions, asking probing questions or providing targeted
feedback, etc [2, 40, 44, 45]. Unfortunately, in traditional classrooms, teachers don’t always administer
formative assessments because lessons are often planned with specific content objectives to be covered in a set
time frame [45, 46, 47]. Additionally, creating varied, engaging, and effective formative assessments that meet
individual student needs while maintaining consistency of instructions can be challenging [48, 49]. Studies
show that students may find assessment questions inappropriate and irrelevant or experience a misalignment
between what they know and need to know [50, 51, 52, 53]. Consequently, evaluation is often done at the
lesson end in the form of summative assessments limiting opportunities for teachers or students to address
misconceptions or knowledge gaps in a timely manner [54].

In contrast, knowledge-building approaches require regular use of formative assessments to recognize and
foster emergent student understanding, facilitate inquiry discussions, and evaluate metacognitive skills during
knowledge-building discourse. LLMs should be able to significantly enhance this process through real-time
analysis of student contributions, identifying key concepts, novel ideas, and potential misconceptions as they
emerge [55, 56]. By generating thought-provoking questions based on the history of an ongoing discourse,
LLMs can push students to explore ideas further or consider alternative perspectives, deepening the collective
inquiry. Their capacity to analyze the language and structure of student contributions also allows for the
evaluation of crucial metacognitive aspects such as self-reflection, critical thinking, and the ability to build on
others’ ideas, supporting both teachers and students in the collaborative learning process.

Desiderata for LLM Tutors:
* Continuous Assessment: Operate as an ongoing process throughout the knowledge-building
dialog.
* Iterative Improvement: Assess current understanding against previous states to measure knowledge
growth and enhancement of ideas over time
» Synthesis Capability: Evaluate learners’ ability to link concepts and integrate diverse ideas into
coherent knowledge.
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2.4 Power Dynamics

Power dynamics in educational settings are complex and fluid, as highlighted by Foucault’s relational concept
of power [57]. Rather than being a top-down force or an inherent attribute of specific individuals or groups,
power manifests itself in the intricate web of interactions among students, teachers, and even the subject
matter itself [58, 59]. Shah and Lewis’s [60] empirical study in a high school computer science classroom
provides valuable insights into these dynamics. They conceptualize power relationships as a dynamic balance,
constantly shifting in response to various situational factors. Concretely, classroom power dynamics comprise
at least three key dimensions, including (1) ownership of ideas, (2) partisanship, and (3) persuasive discourse.
Ownership of ideas in a discourse as described by Engle and Conant [61], reflects the power relationship
between individuals and concepts. In educational settings, the perception of who owns knowledge—be it
teachers, textbooks, students themselves, or peers—significantly influences students’ relationships with both
the ideas and other classroom participants. This ownership perception affects cognitive engagement and
shapes learning interactions. Traditional classrooms often reinforce teacher authority through authoritative
speech patterns and evaluative questioning [62, 63], implicitly asserting the teacher’s ownership of content.

Regarding partisanship, Hatano and Inagaki [64] highlight how power dynamics emerge through ‘taking sides’
in classroom interactions. Students form alliances around concepts or during discussions, creating a network
of power relationships that influence how ideas are received, supported, or challenged within the learning
community. Third, persuasive discourse, rooted in Bakhtin’s work [65], focuses on how communication styles
themselves shape power dynamics. It encompasses both externally authoritative discourse, where power stems
from position or perceived expertise, and internally persuasive discourse, where influence is gained through
the strength and resonance of arguments. The interplay of idea ownership, partisanship, and persuasive
discourse significantly shapes how knowledge is constructed, shared, and validated within a classroom.

LLMs can play a significant role in managing and potentially rebalancing power dynamics in classroom
knowledge-building conversations. LLMs can facilitate more equitable participation by monitoring engage-
ment patterns and prompting less vocal students, while also mediating persuasive discourse to encourage
consideration of multiple perspectives. They can help mitigate biases arising from social or academic status,
providing a more neutral ground for idea evaluation. However, it is crucial to implement these capabilities
thoughtfully, ensuring that the LLM itself doesn’t become a new locus of authority that students overly defer
to.

Desiderata for LLM Tutors:

e Equitable Idea Attribution: LILMs should accurately track and acknowledge the origin of
ideas, ensuring proper credit is given to students who contribute novel thoughts or insights, thus
democratizing idea ownership.

* Adaptive Authority: LLMs should dynamically adjust their level of directiveness, gradually
ceding authority to students as they demonstrate increased capability in managing productive
knowledge-building discourse.

* Transparency of Influence: The system should make its own role in shaping conversations explicit,
helping students understand and critically evaluate the AI's impact on their discussions.

2.5 Accountability

Accountability in education refers to the systemic responsibility for achieving learning outcomes, involving
standard-setting, performance measurement, and holding stakeholders responsible for educational goals [66].
Accountable Talk, a concept developed by Resnick, Michaels and O’Connor [67], operationalizes accountabil-
ity at the classroom level through structured discourse. It encompasses three key dimensions: accountability
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to the learning community, to accurate and appropriate knowledge, and to rigorous thinking. To facilitate
Accountable Talk, educators often employ specific discourse strategies called “talk moves,” which include
techniques such as revoicing, asking students to apply their own reasoning to someone else’s idea, and
prompting students to extend or elaborate on their thoughts [68].

Unfortunately, in traditional classrooms and many current intelligent tutoring systems, accountability is
often centered on individual performance and adherence to predefined standards. While these systems may
attempt to structure conversations, they typically fail to foster truly accountable talk [69, 70, 71]. Intelligent
tutors, designed within this paradigm, usually emphasize correct answers and fixed solution paths rather than
open-ended exploration. For instance, a science tutor might quiz students on the stages of photosynthesis but
rarely encourage them to formulate and test hypotheses about how changing environmental factors might
affect the process. Accountability to knowledge in these systems is often limited to verifying facts against a
static knowledge base, rather than encouraging students to seek out and evaluate new information critically
for expansive learning [72].

In knowledge-building conversations, tutors must facilitate and assess higher-order cognitive engagement [73].
Moreover, such an LLM-augmented learning environment would need to dynamically assess the quality
of student contributions not only for factual accuracy, but for depth of reasoning, use of evidence, and
engagement with others’ ideas, etc. LLMs can enhance accountability and rigor in knowledge-building
conversations by analyzing discourse patterns, tracking idea development, and prompting for evidence-based
reasoning. They can identify when claims lack support, recognize logical inconsistencies, and encourage
students to engage more deeply with each other’s ideas.

Desiderata for LLM Tutors:

* Evidence Tracking: LLM tutors can track emerging claims and prompt students to provide
evidence for unsupported claims, highlighting when new information contradicts or supports
previous assertions.

* Conceptual Depth Gauging: LLM tutors should evaluate the depth of conceptual understanding
demonstrated in the conversation and challenge surface-level discussions by asking probing
questions to require students explain underlying principles, make connections between ideas, and
apply concepts to new situations.

* Participation monitoring: LLM tutors should actively track and promote the student’s sustained,
high-quality participation by ensuring conversation remains student-driven, and remedy patterns of
passive responses.

2.6 Metacognition

Metacognition, a fundamental aspect of effective learning, encompasses the ability to reflect on, understand,
and regulate one’s cognitive processes. Flavell [74] defined it as “knowledge or cognition that takes as its
object or regulates any aspect of cognitive endeavor.” Metacognition is divided into two main components:
knowledge about cognition and regulation of cognition [75, 76]. The knowledge component involves
understanding one’s own cognitive abilities and learning strategies, while the regulatory component focuses on
actively managing and optimizing learning processes. Metacognition’s knowledge aspect can be differentiated
into three types: declarative (knowing about oneself and strategies), procedural (knowing how to use
strategies), and conditional (knowing when and why to use strategies). The regulatory aspect involves
subprocesses of planning, information management, comprehension monitoring, debugging strategies, and
evaluation [77].

In the context of knowledge-building learning conversations, fostering metacognition presents unique
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Dimension Knowledge-Passing Workflow Knowledge-Building Workflow

Cognitive Information provider; focuses on Cognitive partner and facilitator; emphasizes

Engagement memorization of facts. deep processing and high-quality thinking
strategies.

Cultural Limited consideration of diverse cultural Integrates students’ cultural identities and

Responsiveness backgrounds. funds of knowledge; uses culturally relevant
examples and analogies.

Formative Often limited to end-of-lesson summative Continuous, interactive evaluation throughout

Assessment assessments. the learning process; focuses on progress and

Power Dynamics

Teacher-centered; reinforces teacher
authority.

process.

Collaborative; balances power among
students, teachers, and subject matter.

Accountability Focused on individual performance and Emphasizes accountability to the learning
adherence to standards. community, knowledge accuracy, and
rigorous thinking.
Metacognition Limited explicit focus on metacognitive Actively promotes reflection on cognitive

strategies.

processes and regulation of learning.

Table 1: Comparison of knowledge-passing and knowledge-building workflows.

challenges. The dynamic and collaborative nature of these interactions requires students to simultaneously
engage with content, monitor their understanding, and respond to the evolving ideas of their peers. This
cognitive multitasking can be overwhelming, particularly for novice learners [78]. Furthermore, assessing
the quality of one’s contributions in relation to the collective knowledge advancement of the group adds
another layer of complexity to metacognitive processes [79]. LLMs can potentially enhance metacognition by
offering prompts encouraging students to reflect on their thinking processes, assess their understanding, and
consider alternative perspectives. Additionally, LLMs could model metacognitive strategies by “thinking
aloud” about complex problems, demonstrating how to approach, monitor, and evaluate cognitive processes.
By analyzing discourse patterns, LLMs might identify moments when metacognitive interventions could be
most beneficial, such as when a student’s contribution shows a shift in understanding or when the group’s
discussion reaches a critical juncture.

Desiderata for LLM Tutors:
* Reflective Prompting: LL.Ms should generate timely, context-sensitive prompts that encourage
students to reflect on their thinking processes and the evolution of their ideas within the conversation.
* Metacognitive Modeling: LLMs should demonstrate metacognitive strategies by “thinking aloud”
about complex problems, showing students how to plan, monitor, and evaluate their cognitive
processes.

3 Discussion

Our perspective that LLM tutors should be modeled as knowledge-building partners represents a significant
paradigm shift for AI’s roles in education. We are moving away from traditional knowledge-passing
instantiations of intelligent tutors to a more dynamic, constructivist model of learning. In terms of benefits,
such a shift can better prepare students for increasingly complex real-world challenges such as climate change,
in which they need to navigate ambiguity, synthesize diverse perspectives, and tackle problems that require
collaborative knowledge building. LLMs have the capacity to facilitate rich interactive dialogues, promote
critical thinking, encourage questioning, adapt to various conversational styles, and support a wide range of
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discourse patterns that could help address longstanding challenges in education.

Although such a transformation offers exciting possibilities, it also exposes substantial challenges that must
be carefully addressed. In addition to hallucination and accuracy concerns [80], a significant threat is the
potential for “knowledge collapse [81].” LLMs’ vast but sometimes inconsistent knowledge base could lead
to information homogenization, marginalizing non-mainstream perspectives, or reinforcing misconceptions.
Another challenge is the potential for Al over-reliance. Students might develop a habit of turning to LLM
tutors for quick answers rather than engaging in the productive struggle [82, 83] often crucial for deeper
understanding. This raises questions about how to strike the right balance between Al assistance and
independent learning. In addition, LLMs as knowledge-building partners will necessitate a shift in the role
of educators. Teachers must develop new skills in Al literacy, data interpretation, and adaptive teaching
strategies [84]. They will need to learn how to effectively integrate LLM tutors into their teaching practice,
using these tools to enhance rather than replace human instruction [85]. This transformation may challenge
long-held notions of teacher authority and expertise but also presents opportunities for educators to focus on
higher-order aspects of teaching — fostering knowledge building, creativity, emotional intelligence, and ethical
reasoning. By thoughtfully addressing the challenges and leveraging the unique capabilities of LLMs, we can
work towards creating learning environments that truly empower students as active builders of knowledge.
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