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Abstract: The educational landscape is undergoing a transformative shift with the integration
of Artificial Intelligence (Al), especially evident in the United States where the "Al tutor +
teacher" collaborative teaching model is gaining traction. This model synergizes the
computational prowess of Al tutors with the irreplaceable emotional intelligence and
creativity of human teachers, aiming to optimize educational outcomes and foster a more
personalized learning experience. This essay delves into the intricacies of this innovative
teaching model, elucidating its structure, characteristics, and potential future developments
through a blend of theoretical analysis and practical case studies, including an in-depth
examination of the “Betty’s Brain” platform. The discussion extends to the foundational
elements of Intelligent Tutoring Systems and the emerging field of human-computer
collaborative teaching, highlighting the multifaceted implications of Al in education. The
research methods encompass a comprehensive review of existing literature, case study
analysis, and theoretical exploration. The essay concludes by underscoring the transformative
potential of Al in education, while also advocating for a mindful approach to its integration,
ensuring alignment with educational equity and ethical standards. The findings and
discussions presented in this essay contribute to the broader discourse on the future of
education, emphasizing the need for a balanced and thoughtful integration of Al to enhance
the teaching-learning paradigm.
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1. Introduction

The infiltration of technology into the educational sector has precipitated a radical metamorphosis in
teaching and learning paradigms. Advances in Artificial Intelligence (Al) are at the forefront of this
transformation, reshaping education systems to be more equitable and fostering a shift towards
inclusive learning environments [ 1]. This evolution is integral in preparing young individuals to thrive
in a rapidly changing world, where lifelong learning and adaptability are paramount [2].

In the United States, the integration of Al in education is progressively being recognized and
embraced. A survey revealed that a significant majority (83%) of respondents believe generative Al
will profoundly change higher education in the near future, underscoring the optimistic outlook
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towards Al's role in education [3]. The U.S. Department of Education and the Office of Educational
Technology have issued recommendations and guidelines to foster a human-centric approach in
aligning Al models with a shared vision for education, thus laying a roadmap for the fruitful fusion
of Al in educational realms[4-5]. Moreover, partnerships between educational institutions and tech
corporations, like the joint commitment between the American Association of Community Colleges,
Intel, and Dell Technologies, aim to bolster Al education across community and technical colleges
throughout the nation [6].

The "Al tutor + teacher" collaborative teaching model epitomizes a notable stride towards
harmonizing human and artificial intelligence in the educational sphere. This model encompasses
various forms such as "AI agent+teacher", "Al assistanttteacher", "Al tutor+ teacher", and "Al
partner+teacher" [7]. It’s an embodiment of the synergy between human pedagogical expertise and
Al's data-driven insights, optimizing the complementary strengths of both entities for enhanced
teaching and personalized learning experiences [8]. This collaborative model not only augments the
efficiency and effectiveness of teaching but also fosters a conducive learning environment that is
tailored to individual student needs.

This essay endeavors to delve into the disruptive alterations and future trajectory of the U.S.
teaching models, with a keen focus on the "Al tutor + teacher" collaborative teaching model. The
main objectives are to dissect the inherent structure of this collaborative model, delineate its
fundamental characteristics in the U.S. context, and project its future development directions.
Through a meticulous exploration, this essay aims to provide a nuanced understanding of how the
symbiotic relationship between Al tutors and human teachers is revolutionizing traditional teaching
models, and how this synergy can be harnessed to further elevate the quality of education and learning
experiences. The essay will employ a blend of theoretical analysis and practical case studies,
including a deep dive into the ‘Betty’s Brain’ platform developed by Vanderbilt University, to present
a well-rounded exposition of the subject matter.

2. Background and Context

Traditional teaching models in the United States have predominantly revolved around a teacher-
centric approach, characterized by standardized curricula, time-based learning schedules, and credit-
driven systems. In this model, students are typically grouped by age and are expected to progress
through a fixed curriculum at a designated pace [9]. The primary goal often gears towards preparing
students for examinations rather than fostering a deeper understanding of the subject matter. This
conventional method, albeit structured, has been critiqued for its lack of collaboration and group
learning, as it usually involves teachers delivering lectures while students passively receive the
information [10].

The advent of Artificial Intelligence (Al) in education heralds a new era of personalized and
adaptive learning. Propelled by advancements in machine learning and data mining around 2010, Al
began to significantly impact educational practices [11]. Al applications in education, including
intelligent tutoring systems, adaptive learning systems, and learning analytics dashboards, have
burgeoned, offering tailored learning experiences and aiding in bridging learning gaps, especially
during the COVID-19 pandemic which accelerated the adoption of Al in education [12-13].

In an endeavor to uphold and amplify the United States' leadership in Al, the "American Al
Initiative" was launched by President Donald J. Trump on February 11, 2019, via Executive Order
13859. This initiative underscores the significance of Al in bolstering the nation’s prosperity, national
and economic security, and quality of life [14-15]. The American Al Initiative enshrined five key
areas of focus: augmenting Al research investment, enabling federal AI computing and data resources,
establishing Al technical standards, fortifying America’s Al workforce, and fostering international
engagement on Al matters [16]. One notable emphasis of this initiative is on education and workforce
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development, as it urges agencies to prioritize programs aimed at equipping American workers with
Al-relevant skills through various educational and training programs in Science, Technology,
Engineering, and Math (STEM) fields [17]. Through such concerted efforts, the U.S. government
seeks to invigorate the infusion of Al in education, aiming to create a robust foundation for future
generations in this digital epoch.

3.  The "AI Tutor + Teacher" Collaborative Teaching Model
3.1. Description of the Model

The "AI Tutor + Teacher" collaborative teaching model represents an integration of artificial
intelligence (AI) with human pedagogical expertise. This model encompasses various forms such as
"Al agent+teacher", "Al assistant+teacher", "Al tutor+ teacher", and "Al partner+teacher" [18]. It
seeks to harness the complementary strengths of Al tutors and human teachers to enhance learning
outcomes and experiences. While Al tutors can provide personalized learning paths, immediate
feedback, and data-driven insights, human teachers bring to the table their emotional intelligence,
creativity, and the ability to foster a conducive learning environment. The collaboration aims to foster
a more personalized, engaging, and effective learning environment, adapting to the individual needs
and pace of each student.

3.2. How AI Tutors Function and Their Roles in the Collaborative Model

In the innovative landscape of contemporary education, Al tutors have emerged as pivotal
components within the collaborative teaching model, working synergistically with human teachers to
optimize the educational experience. These sophisticated systems leverage cutting-edge algorithms
and machine learning techniques to conduct a nuanced analysis of each student’s performance,
learning preferences, and behavioral patterns. By doing so, they transcend the capabilities of
traditional educational tools, offering a level of personalization and adaptability previously
unattainable [1].

The functionality of Al tutors is multifaceted and extends beyond mere academic support. They
serve as intelligent facilitators, providing immediate and precise feedback to students, which is crucial
for reinforcing concepts and rectifying misunderstandings in real-time. This instant feedback loop
ensures that learning is a continuous and iterative process, fostering an environment conducive to
academic growth and mastery.

Al tutors also play a vital role in diagnosing learning gaps and misconceptions, employing
sophisticated diagnostic tools to uncover areas of difficulty and misunderstanding. This proactive
approach to identifying learning challenges enables a more targeted and effective educational
intervention, ensuring that no student is left behind. By offering personalized learning resources and
pathways, Al tutors cater to the unique needs of each student, adapting their instructional approach
based on individual performance and progress.

In addition to their academic contributions, Al tutors significantly enhance the efficiency of the
teaching-learning process. They shoulder the burden of routine administrative tasks, such as grading
and progress monitoring, automating these time-consuming processes and thereby liberating human
teachers to devote more of their time and energy to the interactive and creative dimensions of teaching.
This shift in focus from administrative minutiae to pedagogical innovation represents a paradigm shift
in education, with the potential to redefine the roles of teachers and technology in the classroom.

Additionally, Al tutors play a crucial role in creating a nurturing learning atmosphere, acting as a
dependable resource available to students at all times. Their capability to track student performance
instantaneously ensures early detection of any difficulties or obstacles, paving the way for prompt
assistance and guidance. This instantaneous tracking also enables a more adaptable and proactive
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teaching method, allowing educators to tailor their teaching techniques to meet the students'
immediate requirements.

3.3. The Role of Human Teachers in the Collaborative Model

Human teachers play a crucial role in the "Al Tutor + Teacher" collaborative teaching model. They
are primarily responsible for creating a nurturing and motivating learning environment, addressing
the emotional and social needs of students. Teachers can interpret the data and insights provided by
Al tutors to better understand each student's learning journey, thus enabling more informed and
effective teaching strategies [ 19]. Furthermore, human teachers foster critical thinking, creativity, and
social skills among students. They also act as facilitators, guiding students in applying the knowledge
acquired from both Al tutors and traditional teaching methods, ensuring a holistic educational
experience.

3.4. Benefits and Challenges of this Collaborative Model

The collaborative model presents numerous benefits. It promotes personalized learning, enhances
engagement, and enables continuous assessment and immediate feedback, which are crucial for
improving learning outcomes. Moreover, the model allows for the efficient use of resources and time,
as Al can handle routine tasks, allowing human teachers to focus on more strategic and creative
aspects of teaching. However, the model also poses challenges. The integration of Al in education
requires significant investment in technology and training for teachers. There's also a risk of over-
reliance on technology, which might potentially undermine the human aspect of teaching.
Furthermore, ethical concerns surrounding data privacy and the potential for bias in Al algorithms
are challenges that need addressing to ensure the success and acceptance of this collaborative model
in the broader educational landscape.

4.  Case Studies and Examples
4.1. Detailed Examples of Platforms like “Betty’s Brain”

“Betty’s Brain” stands out as a quintessential example of a computer-based learning environment,
ingeniously utilizing the learning-by-teaching paradigm to immerse students in various science topics.
Developed by the innovative minds at the Teachable Agents Group at Vanderbilt University, this
software environment is meticulously designed to enrich students’ understanding of metacognitive
skills, while simultaneously reinforcing their knowledge in specific scientific domains such as river
ecosystems [20].

The brilliance of “Betty’s Brain” lies in its unique approach to education, which is rooted in active
learning and student engagement. Unlike traditional learning platforms, “Betty’s Brain” encourages
students to take on the role of a teacher, tasking them with the responsibility of instructing a virtual
agent named Betty. This role reversal is not just a pedagogical gimmick; it is a carefully crafted
strategy to promote deeper understanding and retention of knowledge [21].

Students interact with Betty, providing explanations and teaching her about various science topics.
Through this process, they are not only solidifying their own understanding but also developing
crucial metacognitive skills. They learn to organize their thoughts, articulate their knowledge, and
reflect on their teaching strategies. If Betty successfully grasps the concepts, it is a testament to the
student’s teaching efficacy, creating a sense of accomplishment and reinforcing the learning process
[22].

The system incorporates a visual map, representing Betty’s understanding of the subject matter.
This map serves as a tangible representation of the knowledge transfer process, allowing students to
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visually track their progress and identify areas that require further clarification. The feedback loop is
immediate and transparent, fostering a learning environment that is both responsive and adaptive.

Furthermore, “Betty’s Brain” does not shy away from complexity. It challenges students to delve
deeper into the subject matter, encouraging them to explore and make connections between different
concepts. This exploratory learning model cultivates critical thinking and problem-solving skills,
essential competencies in today’s fast-paced and ever-changing world.

In addition to fostering academic growth, “Betty’s Brain” also places a strong emphasis on the
development of social and emotional skills. The interaction with Betty simulates a social learning
environment, teaching students the importance of patience, communication, and empathy. These soft
skills are interwoven into the learning process, ensuring that students are not just acquiring academic
knowledge, but also developing as holistic individuals.

4.2. Analysis of How These Platforms Implement the Collaborative Teaching Model

The platform implements the collaborative teaching model by integrating learning-by-teaching with
self-regulated learning feedback to promote deep learning and understanding in science domains[22].
Betty’s Brain allows students to teach a computer agent (Betty) about science topics, thereby
reinforcing their understanding and encouraging self-regulated learning. Furthermore, the platform
extends its scaffolding mechanisms to develop Collaborative Science Learning based on students'
type of regulation, illustrating a classroom-integrated open-ended learning environment.

4.3. Discussion of the Outcomes and Impacts of These Implementations

The introduction and subsequent adoption of the Betty’s Brain platform in educational settings have
provided valuable insights into the transformative potential of Al in reshaping how students engage
with and comprehend complex subject matter. By leveraging the learning-by-teaching paradigm, this
platform has not only facilitated a more interactive approach to learning but also underscored the
importance of metacognitive development in the educational journey of students.

One of the most notable impacts of Betty’s Brain is its ability to cultivate a deep sense of
engagement and curiosity among students. By placing them in the role of a teacher, students are
compelled to grapple with concepts at a more profound level, ensuring that learning transcends rote
memorization and becomes a process of genuine understanding and discovery. This shift from passive
to active learning fosters a more intrinsically motivated learning environment, where students are
driven by curiosity and a desire to understand, rather than external rewards or grades .

The platform’s success can also be attributed to its embodiment of metacognitive practices.
Students are not just learning science; they are learning how to learn. Through the process of teaching
Betty, they engage in reflective practices, evaluating their teaching methods, identifying gaps in their
own understanding, and developing strategies to address these gaps.

This cultivation of metacognitive skills is invaluable, as it lays the foundation for lifelong learning
and adaptability, skills that are increasingly crucial in today’s rapidly evolving world.

Furthermore, the integration of Al in platforms like Betty’s Brain introduces a level of
personalization and adaptability that is unprecedented in traditional educational settings. Al
algorithms analyze student interactions, providing tailored feedback and identifying optimal learning
pathways. This ensures that learning is not a one-size-fits-all experience, but rather a personalized
journey that adapts to the unique needs and pace of each student.

While the benefits are clear, it is also crucial to acknowledge the challenges and considerations
that come with the implementation of such technologies. Ensuring equitable access to these tools,
safeguarding student data, and addressing potential biases in Al algorithms are all imperative
considerations that must be addressed to fully realize the potential of these platforms.
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5.  Future Developments and Innovations
5.1. Potential Innovations in Personalized Learning and Emotional Cognition

* Personalized Learning: Al technology has shown promise in personalizing learning
experiences based on individual students' strengths, weaknesses, engagement patterns, and
performance data, thereby creating a tailored learning path for each student [23]. A
significant rationale behind personalized learning is its potential to enhance educational
equity, aiming to provide all students with the essential competencies to engage actively in
society and lead meaningful lives [24].

* Emotional Cognition: Advances in Al have also permeated the emotional dimension of
learning. A recent extension to Mezirow's Transformative Learning theory advocated for a
complete grief process to navigate from "edge-emotions" to a "comfort zone," facilitating
transformative learning [25]. Furthermore, Emotion Al, a subset of Al, demonstrated its
potential in mitigating negative emotions like anger, which could impede creative problem-
solving [26]. These Al advancements align with the broader shift towards fostering
emotional cognition in students, preparing them for real-world challenges.

5.2. Future Advancements in Teaching Assessment and Feedback

= The integration of Al in education has ushered in competency-based learning, emphasizing
practical skill acquisition necessary for real-world success [27]. Al has also started to
redefine assessment strategies. For instance, real-time Al agents can provide instant
feedback, allowing students to experiment with different approaches to improve their
learning experiences [28]. The rise of Al has initiated discussions on re-evaluating
assessment methodologies to better reflect what is known about learning and provide more
constructive feedback.

= Innovations in assessment and feedback were discussed in the Assessment and Feedback
Symposium 2023, showcasing the latest practices and pedagogies in this domain, although
specific advancements were not detailed.

5.3. Challenges and Considerations for Future Development

= While AT holds promise for revolutionizing education, it also presents challenges. The nature
of personalized learning, driven by Al, tends to steer away from equality of outcomes and
inputs, posing equity concerns if not implemented thoughtfully. Moreover, the efficacy of
Al in truly understanding and responding to emotional cues in educational settings remains
an area of ongoing research and development.
This narrative underscores the transformative potential of Al in education while also highlighting
the importance of a mindful approach to its integration, ensuring that it serves to enhance, rather than
undermine, educational equity and emotional well-being.

6.  heoretical Contributions and Research
6.1. Basic Models of Intelligent Tutoring Systems

Intelligent Tutoring Systems (ITS) are designed to provide personalized instruction and feedback,

emulating the tailored guidance a human tutor would offer. The architecture of ITS comprises various
models which are essential for delivering personalized education effectively:

1. Domain Model: At the heart of any ITS is the Domain Model, a comprehensive repository

of subject-specific knowledge and content. This model serves as the educational backbone of
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the system, housing the information and expertise that the system needs to impart to the
learner. It encompasses the facts, concepts, principles, and problem-solving procedures
related to a particular subject area, providing a solid foundation upon which the other models
operate. The accuracy and comprehensiveness of the Domain Model are paramount, as it
directly influences the quality and effectiveness of the instruction provided

2. Student Model: The Student Model is a dynamic and adaptive component of ITS, capturing
and storing vital information about the learner’s current state of knowledge, skills,
misconceptions, and preferences. This model is continuously updated based on the student’s
interactions with the system, responses to questions, and problem-solving approaches. By
maintaining a real-time profile of the learner, the Student Model plays a crucial role in
tailoring the instruction and feedback to suit the individual needs and learning pace of the
student, ensuring a truly personalized learning experience.

3. Tutoring Model: Serving as the instructional engine of ITS, the Tutoring Model synthesizes
information from both the Domain and Student Models to inform and guide the learning
process. It determines the optimal instructional strategies, feedback mechanisms, and learning
activities based on the learner’s current state and progress. Through intelligent decision-
making and pedagogical expertise, the Tutoring Model ensures that the instruction is not only
accurate but also delivered in a manner that maximizes learning efficacy and engagement [29].

4. User Interface Model: While perhaps less discussed, the User Interface Model plays a pivotal
role in shaping the learner’s experience with the ITS. This model defines how the system
presents information, interacts with the learner, and receives input, ensuring that the user
interface is intuitive, user-friendly, and conducive to learning. A well-designed User Interface
Model enhances the accessibility and usability of the ITS, contributing to a positive and
effective learning environment [30].

6.2. Human-Computer Collaborative Teaching Research

The pedagogical landscape is gradually being reshaped with the infusion of Al, fostering a symbiotic
collaboration between human educators and Al tutors. Recent studies and articles have started to
explore and delineate the contours of this collaborative model:

1. Understanding and Application: Research in the domain of human-computer collaboration
is continually uncovering ways to enhance educational outcomes. A notable example is the
exploration of innovative tools like a smart pen used in the teaching of solid geometry. In this context,
the smart pen serves as a mediator between human intuition and computer precision, facilitating a
more interactive and tangible learning experience [31]. This fusion of human and computer efforts
epitomizes the potential of collaborative models, where the strengths of both entities are leveraged to
create an enriched educational environment. Further research is investigating how these collaborative
efforts can be optimized across various disciplines, ensuring that the integration of technology
translates to tangible educational benefits.

2.  Multimodal Interaction: The realm of collaborative teaching models is also expanding to
incorporate multimodal interactions, embracing a variety of communication and interaction channels.
This approach recognizes that learning is a multifaceted process, and by integrating different modes
of interaction—such as visual, auditory, and kinesthetic—the teaching-learning paradigm becomes
more versatile and accommodating to diverse learner needs [32]. The literature highlights numerous
examples where this multimodal approach has enriched the educational experience, providing
students with more ways to engage with content, express their understanding, and receive feedback.
As we continue to explore and refine these models, the potential for creating more inclusive and
effective learning environments is vast.

207



Proceedings of the 2nd International Conference on Management Research and Economic Development
DOI: 10.54254/2754-1169/72/20240696

3. Future of Education: The ongoing discourse in educational research is also critically
examining the potential future transformations that collaborative models between humans and
computers might bring about. It is acknowledged that the level of machine involvement in the
educational process could vary significantly, depending on the complexity of the task and the specific
learning objectives. This flexibility is crucial, as it allows for a tailored approach, ensuring that
technology enhances rather than overrides the human elements of teaching. The future of education,
as envisioned in this discourse, is one where technology acts as a catalyst for innovation, opening up
new possibilities for how we teach and learn, and ultimately leading to a more adaptive, personalized,
and effective educational landscape.

7. Conclusion

The evolution of the "AI Tutor + Teacher" collaborative teaching model underpins a significant stride
toward harmonizing Al's computational strengths with the human teacher's emotional intelligence
and creativity. Through the lens of platforms like Betty's Brain, the essay unravelled the practical
application of this model, which fosters a more personalized, engaging, and effective learning
ecosystem. The discussion extended to the theoretical foundations of Intelligent Tutoring Systems
and the burgeoning research in human-computer collaborative teaching, elucidating the multi-
dimensional impact of Al in education.

The trajectory of Al in education is poised for transformative advancements, especially in
personalized learning, teaching assessment, and emotional cognition. The synthesis of human and Al
capabilities heralds a paradigm shift, moving towards a more learner-centric, adaptive, and holistic
education model. However, the journey ahead also beckons a mindful approach to ensure that the
integration of Al aligns with educational equity and ethical considerations. The discourse around Al
in education is not merely a technological conversation but a societal one, with far-reaching
implications on how learning environments are orchestrated to nurture the holistic development of
learners, preparing them for the exigencies of the 21st century.
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