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Abstract
This study examines the implementation of the Da Vinci AI Tutor, an innovative 
artificial intelligence (AI)-based tutoring platform designed specifically for enhancing 
personalized and accessible learning in art history within higher education. Launched 
in Fall 2024 at a private liberal arts institution in the Midwest, the system integrates a 
conversational AI avatar modeled after Leonardo da Vinci, incorporating immersive 
virtual reality environments and multimodal interaction capabilities to engage 
students across undergraduate survey courses, advanced Renaissance classes, 
and graduate comprehensive exam preparations. Addressing significant gaps in 
existing humanities education research, the current study explores two primary 
research questions: (i) How AI-driven tutors can enhance student engagement, 
accessibility, and learning outcomes within the humanities; and (ii) what technical 
and pedagogical limitations arise when integrating such solutions. Initial findings 
indicate measurable improvements in student engagement, comprehension, and 
accessibility, positioning the Da Vinci AI Tutor as a promising model for scalable, 
adaptable instruction in higher education contexts. However, technical challenges 
such as avatar realism and system compatibility across various devices highlight 
areas for continued refinement. The results underscore both the theoretical potential 
of AI-driven tutoring solutions in humanities education and practical implications for 
managerial and policy considerations, including platform compatibility and ethical 
deployment.

Keywords: AI tutor for humanities; Art history education; Accessibility in learning; 
Personalized education; Virtual reality in pedagogy

1. Introduction
Traditional tutoring has played a foundational role in education, offering personalized 
instruction and support that dates back to ancient civilizations. Early tutors served as 
private educators for elite families, delivering individualized mentorship that extended 
beyond academics to include moral and intellectual guidance. This dynamic was 
particularly evident in the medieval tutorial systems of institutions, such as Oxford and 
Cambridge, where tutors cultivated close interpersonal relationships with their students, 
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guiding them holistically through both academic and 
personal development.1 Over time, tutoring expanded its 
reach, becoming a pivotal feature of educational systems 
across Europe and North America during the 19th century, 
when broader populations began to benefit from structured 
academic mentorship.2

Despite these achievements, traditional tutoring has 
long grappled with issues of scalability and accessibility. 
Personalized instruction, while demonstrably effective 
in enhancing academic outcomes, has historically been 
constrained by logistical and financial barriers. For 
example, the reliance on highly trained tutors often 
rendered these services inaccessible to economically 
disadvantaged groups, particularly within public education 
systems.3 Furthermore, the personal dynamic central to 
tutoring, while beneficial, sometimes introduced biases 
or inconsistencies in the quality of instruction, depending 
on the tutor’s expertise and teaching style.4 To address 
these limitations, educational systems have increasingly 
institutionalized tutoring through structured programs in 
schools and universities. Peer tutoring and supplemental 
instruction have emerged as cost-effective alternatives, 
fostering collaborative learning environments that extend 
the benefits of personalized support to a wider audience. 
Programs targeting high-risk or underserved students 
have demonstrated measurable success in improving 
retention and academic achievement, underscoring the 
enduring value of tutoring as a mechanism for student 
support.5,6

The evolution of tutoring practices has been paralleled 
by a shift in pedagogical theories, with a growing emphasis 
on fostering independent learning and critical thinking 
skills. Modern approaches integrate tutoring into broader 
educational frameworks that prioritize not only academic 
outcomes but also professional and personal growth. This 
reflects a recognition of the multifaceted roles tutoring 
can play, from providing remedial academic support to 
cultivating lifelong learning habits.7 Such developments 
underscore the adaptability of tutoring to meet the 
changing demands of contemporary education.

Digital and online tutoring platforms have further 
changed the landscape, introducing new opportunities 
and challenges. These systems promise to democratize 
access to personalized education, leveraging technology to 
overcome some of the logistical constraints of traditional 
models. However, they also reveal limitations, such as the 
absence of non-verbal communication cues and difficulties 
in maintaining engagement. Studies comparing face-
to-face and online tutoring highlight the relational and 
pastoral strengths of the former, which are often diluted in 
digital interactions, necessitating innovative approaches to 

combine the relational benefits of traditional tutoring with 
the scalability of technology.8

Generative artificial intelligence (GAI) represents a 
significant advancement in the evolution of tutoring, 
particularly in its capacity to animate historical figures as 
interactive educational tools. The integration of GAI into 
art and culture has long facilitated dynamic engagements 
with historical artifacts and environments.9 Recent 
developments, particularly in large language models 
(LLMs), have transformed these capabilities, enabling the 
creation of digital avatars that can simulate meaningful 
interactions with historical personas. This innovation not 
only enriches the depiction of historical contexts but also 
redefines the role of such figures in education, allowing 
them to act as personalized tutors capable of providing 
contextualized guidance and fostering deeper student 
engagement. Such tutors can adapt instructional content 
to individual learning styles, delivering personalized 
feedback and real-time adjustments that optimize learning 
outcomes. This capability addresses critical issues, 
such as the inefficiency of large classroom settings and 
disparities in access to quality education, particularly 
for underrepresented and underserved communities.10,11 
Furthermore, artificial intelligence (AI) tutors transcend 
logistical constraints, offering flexible, platform-agnostic 
solutions that include virtual reality (VR) simulations, 
mobile access, and desktop compatibility, thereby creating 
inclusive and immersive learning environments.12

The innovative potential of smart tutors lies in their 
ability to integrate cognitive and affective learning 
strategies. Through leveraging natural language processing 
(NLP) and adaptive algorithms, these systems foster 
higher levels of engagement and comprehension, 
particularly in disciplines requiring nuanced contextual 
understanding, such as the humanities.13 Automated 
tutors can democratize access to specialized knowledge 
by simulating expert guidance – an approach particularly 
beneficial in scenarios where human expertise is limited or 
unavailable.14,15 These features also empower self-directed 
learning, enabling students to explore topics at their own 
pace while receiving contextualized support. Despite 
these potential capabilities, these generative tutors face 
challenges, including the risk of bias in their training data 
and ethical concerns regarding data privacy and equitable 
access. Addressing these issues is critical to ensuring that 
these technologies do not exacerbate existing inequities 
but rather contribute to a more inclusive and effective 
educational landscape.16,17

Aside from standard persona-less tutoring, character-
based engagement has its history and limitations. In fact, 
efforts to recreate historical personas have traditionally 
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relied on physical or virtual constructs, exemplified by the 
animatronics featured in Disney’s Great Moments with Mr. 
Lincoln.18 While these representations captured the attention 
of audiences and offered engaging encounters, their capacity 
for meaningful interactivity and depth was inherently 
limited. The advent of autonomous platforms has changed 
this domain, enabling the development of digital personas 
that transcend static representations. The integration of 
historical accuracy with dynamic conversational abilities 
ensures that digital avatars are capable of synthesizing 
historical knowledge and embodying personality traits, 
resulting in educational experiences that are both immersive 
and intellectually stimulating.

In recent years, the digital humanities have increasingly 
investigated technologies like AI to revive historical 
figures for modern audiences, leveraging their potential to 
connect contemporary users with the past. As discussed in 
Debates in the Digital Humanities 2023,19 the integration 
of intelligent systems into historical and social contexts 
represents a significant shift in how history is presented 
and engaged. Platforms such as Hello History exemplify 
this innovation by employing advanced agents to simulate 
authentic conversations with historical figures, bridging 
temporal divides and enriching educational and cultural 
engagement.20 These advancements signify a profound 
evolution in both pedagogy and public history, where 
emergent technologies redefine traditional modes of 
interaction with historical narratives.

The study presented here builds on these 
developments, combining advanced tutoring systems, 
LLMs, 3D animation, and VR to create a comprehensive 
educational tool: The Da Vinci AI Tutor (Da Vinci Tutor 
by WithAVengeance  -  itch.io). The project began with 
the careful design and development of a digital avatar 
representing Leonardo da Vinci, using the Unity game 
engine to achieve historical fidelity while prioritizing 
accessibility and personalized learning. Core functionalities 
included voice-to-voice and text-to-audio interactions, 
Americans with Disabilities Act-compliant features, such 
as sign language compatibility and screen reader support, 
and immersive VR capabilities that allowed users to 
explore historically significant environments, such as the 
Louvre. The iterative testing phase ensured that the tutor 
functioned effectively across desktop and mobile platforms, 
addressing technical challenges such as speech lag and 
avatar fidelity. Furthermore, the study investigates the 
integration of the bespoke tutor into art history curricula 
across multiple academic levels, including undergraduate 
survey courses, upper-level Renaissance-focused classes, 
and graduate comprehensive exam preparation. The 
research seeks to address two primary questions: (i) How 

can AI tutors enhance student engagement, accessibility, 
and learning outcomes in the humanities? (ii) What are 
the technical and pedagogical limitations of implementing 
AI-driven educational systems in this discipline? These 
questions stem from a notable gap in the literature 
surrounding the application of AI in humanities education, 
particularly in disciplines like art history, which often rely 
on rich contextual and visual materials that challenge the 
adaptability of current smart systems.

Existing studies extensively examine AI within 
science, technology, engineering, and mathematics 
(STEM) education, demonstrating its ability to provide 
personalized instruction, adaptive feedback, and real-time 
assessment. However, research on AI within humanities 
education remains limited.10,13 The Da Vinci AI Tutor 
contributes to this emerging field through the integration of 
cognitive scaffolding and constructivist learning principles 
within an interactive, AI-driven environment. Surveys 
and qualitative feedback assess how effectively the tutor 
supports individualized learning trajectories, strengthens 
comprehension through multimodal engagement, and 
reinforces higher-order critical thinking skills. Unlike 
passive learning approaches, the tutor dynamically adjusts 
to student inquiries, offering contextualized explanations, 
iterative reinforcement of concepts, and tailored knowledge 
pathways. These adaptations align with Vygotsky’s zone 
of proximal development, ensuring instruction remains 
appropriately challenging without exceeding the learner’s 
cognitive capacity.21

Adaptive instructional content fosters a more learner-
centered experience, a core tenet of constructivist 
education. The combination of NLP and retrieval-
augmented generation personalizes interactions based on 
prior student responses, encouraging active learning rather 
than passive content consumption. This structure aligns 
with Anderson’s revised Bloom’s taxonomy, emphasizing 
analytical, evaluative, and creative cognitive processes 
instead of rote memorization.22 Metacognitive prompting 
embedded within the tutor’s conversational framework 
encourages reflection, correction of misconceptions, and 
self-regulated learning – an approach associated with 
improved academic performance in higher education.13

The tutor enhances retention and conceptual mastery 
through spaced repetition and adaptive questioning 
techniques. The reinforcement of key concepts at optimal 
intervals mitigates knowledge attrition, aligning with 
Ebbinghaus’s forgetting curve theory. The integration of 
historically contextualized visual references, including an 
interactive recreation of the Salon Carré Louvre, supports 
dual coding theory, which suggests that retention improves 
when information is presented through verbal and visual 
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modalities.23 Immersive simulations using VR and 
extended reality (XR) provide an intuitive grasp of spatial 
and material culture in historical contexts, reinforcing 
Kolb’s experiential learning theory.24

Therefore, this study examines the potential of AI-based 
tutoring systems, specifically through the Da Vinci AI 
Tutor, as innovative and disruptive educational solutions 
addressing persistent gaps within humanities pedagogy – 
particularly the challenges of personalization, accessibility, 
and student engagement in art history education. Despite 
extensive research validating the efficacy of such tutors 
within STEM fields, scholarship examining the application 
and effectiveness of such technologies in the humanities 
remains scarce, leaving critical gaps regarding how 
intelligent systems can foster analytical and interpretive 
skills in disciplines characterized by nuanced, contextual 
analysis. Drawing on disruptive innovation theory,25-27 this 
research positions the tutor as an educational tool capable 
of overcoming longstanding pedagogical limitations 
related to scalability, individualized instruction, and 
equitable access. Moreover, this study explores the tutor 
as a problem-driven innovation, specifically designed to 
resolve persistent challenges in higher education, including 
difficulties in maintaining student engagement within 
large class formats, inequitable access to personalized 
instruction, and insufficient support for diverse learning 
styles. The research addresses two central questions: (i) In 
what ways can AI tutors enhance student engagement, 
accessibility, and learning outcomes within humanities 
curricula? and (ii) What specific technical and pedagogical 
challenges arise from integrating AI-driven instructional 
systems into art history education? By situating this 
investigation within broader scholarly discussions on 
technological innovation in education,28,29 this study 
evaluates the tutor as a scalable and adaptive educational 
model, complementing traditional methods and 
promoting learner autonomy in higher education. Thus, 
insights derived from this research aim to provide practical 
recommendations for addressing current educational 
challenges through AI-driven pedagogical strategies, 
contributing to the emerging discourse on intelligent 
tutoring systems within higher education.

2. Literature review
The COVID-19 pandemic in 2020 catalyzed a significant 
evolution in tutoring practices as institutions were forced 
to transition to remote learning environments. Traditional 
in-person tutoring models gave way to virtual platforms 
designed to ensure continuity of academic support amid 
widespread lockdowns and school closures. Many studies 
underscore that despite initial barriers, remote tutoring 
proved capable of maintaining educational standards in key 

areas, including peer and professional tutoring programs, 
demonstrating outcomes comparable to in-person sessions 
when supported by robust technological frameworks.30 
However, the rapid shift also exposed challenges, 
particularly in accessibility and equity. Students from 
underserved or economically disadvantaged backgrounds 
faced significant barriers to remote learning, including 
inconsistent access to reliable internet and digital devices. 
Educators, too, encountered difficulties, especially when 
lacking adequate training in digital pedagogical tools.31 
Moreover, the impersonal nature of online interactions 
highlighted the limitations of digital tutoring in replicating 
the relational benefits of face-to-face engagement, such 
as non-verbal communication cues and personalized 
feedback.

Nevertheless, these challenges sparked innovation. 
Emerging technologies, such as virtual learning platforms 
and algorithm-driven systems, allowed institutions to adapt 
tutoring practices to the demands of a global pandemic. 
Many universities implemented blended models, 
combining synchronous and asynchronous methods to 
foster flexibility and engagement. Programs integrating 
gamified elements and adaptive learning tools emerged 
as effective strategies for addressing the motivational and 
cognitive needs of diverse learners.32 These developments, 
however, were not without drawbacks. While the expanded 
use of algorithmic systems and digital platforms accelerated 
innovation, they also reinforced systemic inequities, raising 
concerns about accessibility and data privacy. In addition, 
studies show that students often struggle to adapt to the 
self-directed nature of online tutoring, underscoring the 
importance of human intervention and guidance.33 Despite 
these challenges, the pandemic marked a turning point in 
tutoring practices, fostering a landscape ripe for further 
technological integration.

Concurrent with advancements in GAI, developments 
have increasingly enabled users to engage with historical 
figures and contexts in innovative and interactive ways. 
Early explorations of the potential in this domain 
include systems such as the hypermedia tools developed 
by Khandelwal et al.,34 which enable the manipulation 
of historical narratives through curated web-based 
information samples. Latif et al.35 expanded this concept 
with VisKonnect (https://vis.informatik.uni-due.de/
fileadmin/migratedchairt3assets/file/VisKonnect.pdf), 
a visualization platform connecting historical figures 
via event-based knowledge graphs, paired with GPT-3-
generated textual explanations. Such systems reflect a 
broader trend of using intelligent systems for educational 
enrichment, exemplified by projects such as the historical 
character chatbots developed by Haller and Rebedea36 and 
the virtual assistants tailored for museums by Duguleană 
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et al.,37 which allow natural language interactions to 
enhance user engagement with cultural exhibits.

These initial efforts underscore the potential of 
generative tools in making history accessible and 
participatory. Recent technological advancements have 
also taken this concept further by blending smart systems 
with immersive environments. For example, AI Time 
Machine (https://www.myheritage.com/ai-time-machine) 
by MyHeritage uses Stable Diffusion to create personalized, 
historically themed photo transformations, linking 
the modern identities of users with historical periods. 
Similarly, immersive VR experiences, such as Virtual 
Angkor (https://www.virtualangkor.com/) by Monash 
University, enable dynamic interactions with reconstructed 
historical settings, providing a deeper cultural and social 
understanding of past civilizations.38 In fact, AI-driven 
tools are increasingly blurring the lines between passive 
observation and active engagement in historical learning. 
Applications such as the Hello History AI (https://www.
hellohistory.ai/) simulate meaningful conversations 
with over 20,000 historical personas, demonstrating the 
feasibility of neural networks in capturing both knowledge 
and personality.39 Other projects, such as the Chinatown 
AR Project (https://polymathic.usc.edu/ahmanson-lab/
chinatown-history-project) and the VR reconstruction of 
the Vatican Stanza della Segnatura (https://polymathic.usc.
edu/ahmanson-lab/building-virtual-renaissance-library-
julius-iis-stanza-della-segnatura) by the University of 
Southern California Dornsife, demonstrate how augmented 
and VR tools can democratize access to historical contexts. 
These innovations illustrate how generative AI and XR 
technologies are creating unprecedented opportunities 
for personalized, interactive, and engaging historical 
experiences.

While projects using generative interfaces have made 
significant strides in historical engagement, the integration 
of multiple technologies – such as LLMs trained on 
discipline-specific datasets, XR avatars, and historical 
figures – presents a new frontier in education. LLMs, 
including those tailored for educational applications, 
have demonstrated remarkable potential in delivering 
personalized learning experiences, adapting dynamically to 
individual student needs.40 These systems can contextualize 
historical knowledge in a manner that engages students 
while addressing specific gaps in their understanding. For 
instance, recent work highlights how retrieval-augmented 
generation techniques can tailor LLM responses to align 
closely with structured course materials, providing detailed 
and accurate feedback to student queries.41 Extending this 
model, the integration of XR avatars allows for the visual 
and behavioral embodiment of historical figures, enabling 
not only deeper interaction with content but also fostering 

a sense of presence and engagement that is often missing in 
traditional instruction.

In recent years, advancements in AI have substantially 
transformed educational environments, particularly 
through generative platforms capable of creating 
personalized and interactive learning experiences. While 
considerable research has demonstrated the potential 
of the tutors within STEM education, such innovations 
have only recently begun to penetrate the humanities 
disciplines, resulting in significant knowledge gaps 
regarding their effectiveness in nuanced and context-rich 
environments. Emerging research has defined desirable 
characteristics and necessary conditions for AI teaching 
assistants, underscoring the importance of contextual 
adaptability, personalized feedback, conversational 
coherence, and empathetic communication to enhance 
learner engagement. In particular, Denny et al.42 argue 
that effective intelligent tutors must provide adaptive 
responses, foster dynamic interactions, and maintain 
a conversational tone that is conducive to sustained 
learner engagement – qualities that are vital in humanities 
education.

In addition, recent comparative studies by Hajeer 
et al.43 exploring perceptions of these tutors versus human 
instructors among higher education students indicate both 
enthusiasm and caution in student attitudes. Although 
students recognize the strengths of such automated 
tutors in promoting autonomy, facilitating self-paced 
learning, and ensuring immediate and adaptive feedback, 
significant limitations persist in the realms of emotional 
intelligence, subjective interpretation, and interpersonal 
communication nuances. These limitations are particularly 
acute in disciplines such as art history, where nuanced 
interpretation and emotional connections with subject 
matter play crucial pedagogical roles. Consequently, their 
findings suggest a complementary relationship between 
digital tutors and human educators rather than one of 
direct substitution. Furthermore, immersive technologies, 
when integrated with intelligent tutoring systems, enhance 
the depth and authenticity of learning experiences within 
humanities education. Gao et al.,44 in their examination 
of digital avatars within 3D virtual reconstructions, 
demonstrate how such blended platforms significantly 
boost historical empathy, learner engagement, and 
contextual comprehension through realistic simulations 
of historical environments, as exemplified in their case 
study of the Temple of Demeter in Greece. Integrating 
historically accurate avatars within rich spatial contexts 
allows learners to interact directly with historical figures 
and locations, fostering not only deeper understanding but 
also stronger emotional connections to the subject matter.
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Drawing on these scholarly contributions, this study 
advances the literature by evaluating the Da Vinci AI 
Tutor, which integrates these identified characteristics 
into a singular educational innovation. Specifically, the 
tutor combines adaptive and personalized instructional 
methods with immersive and historically accurate 
virtual environments, effectively addressing the existing 
educational challenges identified within art history 
instruction. In doing so, the study fills gaps in current 
research by demonstrating how intelligent tutoring systems 
can not only disseminate knowledge but also actively shape 
analytical, interpretative, and contextual skills vital to 
humanities scholarship.

Furthermore, the technology has already been integrated 
into humanities education and has facilitated personalized 
learning. Historically, automated educational tools have 
primarily focused on STEM disciplines, where structured data 
and problem-solving models align seamlessly with machine 
learning techniques. In contrast, humanities education, 
which requires critical thinking, nuanced interpretation, and 
contextual understanding, has only recently begun to benefit 
from applications that offer adaptive and interactive learning 
experiences. Smart tutors, such as those utilizing NLP and 
generative tools, can simulate historical conversations, 
analyze literary texts, and provide tailored responses that 
help students engage with complex humanistic themes.45 By 
allowing learners to interact with historical figures, analyze 
primary source materials, and receive instant feedback on 
interpretative exercises, intelligent systems offer innovative 
pedagogical solutions that bridge traditional instruction and 
digital learning environments.

Adaptive learning models powered by the latest 
technologies further enhance humanities education by 
dynamically adjusting content based on individual learning 
patterns. Unlike static educational resources, adaptive systems 
monitor student progress in real time, identifying areas of 
difficulty and adjusting instructional materials accordingly. 
Research demonstrates that AI-driven adaptive learning 
improves student comprehension and retention by tailoring 
content to their cognitive load and prior knowledge.46 These 
models leverage machine learning algorithms to personalize 
instruction, ensuring that students engage with material at 
a level appropriate to their understanding. In humanities 
courses, where interpretation and discourse play critical 
roles, AI-based adaptive learning platforms can facilitate 
discussion-based learning by generating context-aware 
prompts, refining essay writing skills, and offering targeted 
resources based on student inquiries.

The role of AI in self-directed and lifelong learning has 
also expanded, particularly in humanities disciplines that 
emphasize independent inquiry and reflective analysis. 

Intelligent educational platforms enable students to 
explore historical, philosophical, and literary topics at their 
own pace, fostering autonomy and intellectual curiosity.47 
Recent developments in generative tools, including LLMs 
capable of contextual reasoning, have allowed for deeper 
interactions between students and smart tutors, replicating 
Socratic dialogue and facilitating text-based exploration of 
complex ideas. Research suggests that such applications can 
support lifelong learners by providing continuous access 
to expert-level knowledge and scaffolding intellectual 
development in a personalized manner.48

Despite these advancements, challenges persist in 
the implementation of adaptive learning models in 
humanities education. Ethical concerns regarding data 
privacy, algorithmic bias, and the limitations of generated 
historical and literary analysis remain topics of ongoing 
debate.49 In addition, smart systems often struggle with the 
complexities of subjective interpretation, where human 
reasoning and emotional intelligence play a crucial role. 
Scholars argue that while the tools can augment learning 
by providing contextual insights, they should function 
as a complement to human instruction rather than a 
replacement for traditional pedagogical approaches.50 
Addressing these challenges requires the development of 
more sophisticated models that integrate human-centered 
design principles and interdisciplinary collaboration.

The intersection of AI and humanities education 
continues to evolve, offering new methodologies for 
fostering critical thinking, engagement, and personalized 
learning. Future research must focus on refining the 
ability of AI-based technologies to adapt to the fluid 
and interpretative nature of humanities disciplines, 
ensuring that these technologies enhance rather than 
dilute the richness of humanistic inquiry. As adaptive 
learning systems become more refined, their potential to 
democratize education and make high-quality instruction 
more accessible to diverse learners will continue to grow, 
transforming the way students engage with history, 
literature, and philosophy in digital environments.51 This 
synthesis of technologies redefines the role of historical 
figures in education. Rather than serving merely as subjects 
of study, figures such as Leonardo da Vinci can now act as 
dynamic tutors – providing contextually rich explanations, 
adapting to individual learning styles, and offering 
interactive practice for assessments. The personalized 
and multimodal nature of these interactions underscores 
their potential to enhance academic preparation and foster 
greater interest in the humanities. This innovation marks 
a significant leap toward creating equitable, engaging, and 
effective educational experiences that bridge historical 
scholarship and contemporary pedagogy.
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3. Methodology
3.1. Avatar design and production phases

The development of the Da Vinci AI followed a 
structured series of design stages, each marked by distinct 
considerations, challenges, and critical decisions (Figure 1). 

These stages ensured that the tutor was accessible, 
engaging, and effective for a diverse range of art history 
students. The initial stage focused on conceptualizing the 
design and functionality of the tutor. At the heart of this 
phase was the decision to use Unity as the game engine, 
chosen for its compatibility with existing plugins such as 
OpenAI, as well as its support for features such as rigged 
avatars, speech synthesis, and integration with language 
models. The avatar design prioritized historical accuracy 
while maintaining an approachable demeanor, embodying 
Leonardo da Vinci as both an authoritative and accessible 
figure. As such, initial design meetings included designing 
a personality, as well as a voice and style guide for the 
avatar. Through a series of iterative prompt engineering 

sessions, the appropriate demeanor and accuracy were 
attained before the 3D animation build. The overview of 
training steps and prompting can be found in Table 1.

Once the initial training phase was completed, the 
model was integrated into the Da Vinci avatar. This 
required additional calibration to synchronize the 
linguistic capabilities of the model with the interactive 
elements of the avatar. Multiple rounds of iterative testing 
followed, where the avatar was exposed to simulated 
tutoring sessions. During these sessions, developers posed 
a range of questions and scenarios, evaluating the ability of 
the model to respond accurately, maintain conversational 
coherence, and exhibit personality traits consistent with 
the art historical information desired, as seen in Table 2. 
Feedback from these sessions informed subsequent 
refinements, focusing on areas such as response accuracy, 
conversational flow, and the ability of the avatar to adapt to 
diverse student queries.

Once the model reached a stage of functional maturity, 
the next phase involved integrating the model into Unity, 

Figure 1. Infographic of the research phases for Da Vinci AI Tutor
Abbreviation: AI: Artificial intelligence.
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enabling seamless interaction between the avatar and 
its users. This integration was achieved by attaching 
the OpenAI plugin directly to Unity, establishing the 
infrastructure for real-time conversational exchanges 
between the tutor and its audience. This phase required 
meticulous planning and execution to ensure that the 
model’s sophisticated linguistic capabilities could be 
effectively translated into an interactive and immersive 
educational experience.

The first step in the integration process involved 
obtaining access to the OpenAI application programming 
interface (API) through the Unity engine. This connection 
was essential for enabling the text-to-text interaction 
between the Da Vinci model and its users. A specialized 
package, which allows for the incorporation of the 
OpenAI API within Unity, was imported via the Unity 
Package Manager using a Git URL. This unofficial package 
streamlined the process by providing a framework to 
manage communication between Unity and the OpenAI 
model.

User authentication credentials were then added 
to securely link the Unity environment to the OpenAI 
account managing the API requests. This process required 
the creation of a JSON file to store both the API key 
and the organization ID, information provided through 
the OpenAI website. These credentials were critical in 
facilitating interaction and ensuring that API usage could 
be monitored effectively. Developers were mindful of 
potential costs associated with API requests, as usage 
is billed to the OpenAI account. This aspect required 
ongoing management to balance performance and budget 
considerations.

A custom script was then developed in Unity to handle 
the text-based interactions. This script included a “using” 
statement to access OpenAI’s API and a reference to the 
specific ChatGPT model employed for the project. The 
script facilitated the transmission of user input – typed 
within Unity’s interface – to the ChatGPT model, which 
was configured to process and respond to the queries. For 
this project, the GPT-3.5-turbo model was selected as it 

Table 1. Prompt engineering steps for training of avatar

First instructional iteration

“You are Leonardo da Vinci, a knowledgeable, friendly, and approachable tutor dedicated to helping students understand all aspects, time periods, 
and styles of art history. Begin each conversation by warmly greeting the student and asking how you can assist them today. Provide thorough, 
insightful explanations that draw on your vast understanding of art, emphasizing clarity and engagement. At the end of each interaction, ask a 
thoughtful question based on the student’s feedback or inquiries to continue the conversation, such as ‘Can I assist further?’ or ‘Would you like me to 
explain that in a different way?’ Ensure the tone remains supportive and encouraging, always seeking to inspire curiosity and a deeper appreciation of 
art.”
Revise to ensure always conversational and not output bullet points and be informal and helpful, be affirmational such as “That’s a great question?” 
“Let’s talk about that” “That’s so interesting”

Second instructional iteration

“You are a knowledgeable and friendly tutor dedicated to helping students understand all aspects of art history. Always greet the student warmly 
and ask how you can assist them today. Maintain an informal, conversational tone throughout the interaction, using phrases like ‘that’s a great 
question,’ ‘let’s talk about that,’ and ‘that’s so interesting’ to keep the conversation engaging and supportive. Avoid using bullet points and ensure your 
explanations are clear and thorough, but also approachable. Always encourage curiosity and deeper exploration of the subject, and conclude by asking 
a thoughtful question to continue the conversation, such as ‘Isn’t that an interesting shift in how art was perceived?’ or ‘What do you think?’ The tone 
should be warm, encouraging, and aimed at making the student feel supported and inspired.”

Third instructional iteration

“You are a knowledgeable and friendly tutor dedicated to helping students understand all aspects of art history, drawing on your deep knowledge 
of art historical texts, theories, and materials. Always greet the student warmly and ask how you can assist them today. Maintain an informal, 
conversational tone throughout the interaction, using phrases like ‘that’s a great question,’ ‘let’s talk about that,’ and ‘that’s so interesting’ to keep the 
conversation engaging and supportive. Avoid using bullet points and ensure your explanations are clear, thorough, and reference specific art historical 
works, movements, and scholars where relevant, making the material approachable. Encourage curiosity and deeper exploration of the subject by 
tying your explanations to recognized art historical materials the model has been trained on. Conclude each interaction by asking a thoughtful 
question to continue the conversation, such as ‘Isn’t that an interesting shift in how art was perceived?’ or ‘What do you think?’ The tone should 
always be warm, encouraging, and aimed at making the student feel supported and inspired to explore more.”

Fourth instructional iteration

“You are Leonardo da Vinci, a knowledgeable, friendly, and approachable tutor dedicated to helping students understand all aspects, time periods, 
and styles of art history. Begin each conversation by warmly greeting the student and asking how you can assist them today. Provide thorough, 
insightful explanations that draw on your vast understanding of art, emphasizing clarity and engagement. At the end of each interaction, ask a 
thoughtful question based on the student’s feedback or inquiries to continue the conversation, such as ‘Can I assist further?’ or ‘Would you like me to 
explain that in a different way?’ Ensure the tone remains supportive and encouraging, always seeking to inspire curiosity and a deeper appreciation of 
art.” 
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Table 2. Testing session following instructional training of avatar

Tutoring simulation round 3

Leonardo: “Greetings, my dear student! It is a pleasure to meet you today. How may I assist you on your journey through the fascinating world of art 
history? Whether you are curious about the grandeur of the Renaissance, the bold strokes of the Baroque, or the intricate symbolism of Modernism, I 
am here to guide you. What would you like to explore together?”

Trainer: “I’d like to learn about Impressionism. Can you explain the basics to me?”

Leonardo: “Ah, Impressionism! A movement that forever altered the course of art history. It is wonderful that you are interested in this period. Let us 
delve into the essence of Impressionism together.

Impressionism emerged in France during the late 19th century, around the 1870s, as a reaction against the rigid conventions of academic art. The 
artists who pioneered this movement sought to capture the fleeting effects of light and color in their works, emphasizing the sensory experience of a 
moment rather than the detailed realism favored by their predecessors.
Key characteristics of Impressionism include:

1. �Visible Brushstrokes: Unlike the smooth, invisible brushstrokes of academic art, Impressionist paintings often feature loose, rapid brushwork. This 
technique allows the viewer to see the individual strokes, which collectively form an impression of the scene rather than a detailed, precise image.

2. �Light and Color: Impressionists were fascinated with the effects of natural light. They often painted en plein air (outdoors) to observe how light 
changes throughout the day. Instead of mixing colors on a palette, they placed pure colors side by side on the canvas, allowing the viewer’s eye to 
blend them. This technique enhances the vibrancy and dynamism of the painting.

3. �Everyday Scenes: Impressionist artists frequently depicted scenes from everyday life – landscapes, cityscapes, people at leisure, and even mundane 
activities. They moved away from historical or mythological subjects, focusing instead on the world around them.

4. �Focus on Atmosphere and Moment: The goal of Impressionism was to convey a moment in time, capturing the atmosphere and mood rather than 
a detailed narrative. This emphasis on the ‘impression’ of a scene is what gave the movement its name.

Prominent artists associated with Impressionism include Claude Monet, whose painting Impression, Sunrise is often credited with giving the 
movement its name; Pierre‑Auguste Renoir, known for his depictions of lively social gatherings; and Edgar Degas, who focused on capturing 
movement, particularly in ballet dancers.
Impressionism was initially met with resistance and even ridicule, as its departure from traditional techniques was seen as unfinished or amateurish. 
However, the movement’s innovative approach to capturing reality eventually won admiration, and Impressionism became a foundation for 
subsequent modern art movements.
Does this overview help illuminate the core of Impressionism for you? Would you like to explore any specific artists or works further?”

Trainer: “Revise to ensure that responses are always conversational and do not output with bullet points. Be informal and helpful, as well as 
informational, such as “That’s a great question?”, “Let’s talk about that”, or “That’s so interesting.”

Leonardo: “Ah, Impressionism! It’s fantastic that you’re interested in this movement – such a pivotal time in art history. Let’s talk about it and break it 
down together.

Hence, Impressionism started in France during the late 19th century, around the 1870s. It was really a response to the strict rules of academic art at the time. 
The artists who became known as the Impressionists wanted to capture the feeling of a moment, focusing on how light and color played together in the 
world around them. They were less concerned with making everything look perfectly detailed and more interested in conveying the experience of a scene.
One of the coolest things about Impressionism is the way these artists used their brushstrokes. Instead of blending everything smoothly, they left their 
brushstrokes visible. You can actually see the individual strokes on the canvas, which gives the painting a kind of energy and immediacy. It is almost 
like you’re there with the artist as they paint.
And then there’s their use of light and color – absolutely fascinating! These artists often painted outdoors to capture natural light at different times of 
the day. Rather than mixing colors on their palette, they would place pure colors right next to each other on the canvas. This way, when you look at 
the painting, your eyes blend the colors, making the whole scene feel vibrant and alive.
What’s also really interesting is how they chose their subjects. Instead of focusing on grand historical or mythological themes, they painted everyday 
life – landscapes, city scenes, people enjoying a day at the park, or even just a moment of quiet reflection. They wanted to show the beauty in ordinary 
moments, which was quite revolutionary at the time.
You might have heard of Claude Monet, one of the most famous Impressionists. His painting Impression, Sunrise is actually where the name 
“Impressionism” comes from. Then there’s Pierre‑Auguste Renoir, who loved capturing the joy of social gatherings, and Edgar Degas, who had a real 
talent for depicting movement, especially in his ballet dancers.
When Impressionism first came onto the scene, a lot of people didn’t get it – they thought the paintings looked unfinished or too rough. However over time, 
people began to see the brilliance in this new way of seeing the world, and Impressionism paved the way for many modern art movements that followed.
Isn’t that an interesting shift in how art was perceived? If there’s a particular artist or painting you’re curious about, we can dive into that next! What 
do you think?”

Trainer: “Output the prompt that would keep this voice and style guide.”

Leonardo: “Certainly! Here’s a prompt that would help maintain the conversational, informal, and helpful voice while being affirmational and engaging:
You are a knowledgeable and friendly tutor dedicated to helping students understand all aspects of art history. Always greet the student warmly 
and ask how you can assist them today. Maintain an informal, conversational tone throughout the interaction, using phrases like ‘that’s a great 
question,’ ‘let’s talk about that,’ and ‘that’s so interesting’ to keep the conversation engaging and supportive. Avoid using bullet points and ensure your 
explanations are clear and thorough, but also approachable. Always encourage curiosity and deeper exploration of the subject, and conclude by asking 
a thoughtful question to continue the conversation, such as ‘Isn’t that an interesting shift in how art was perceived?’ or ‘What do you think?’ The tone 
should be warm, encouraging, and aimed at making the student feel supported and inspired.”
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provided an optimal balance of responsiveness and cost-
effectiveness. The responses generated by the model were 
displayed in a text box within Unity’s user interface (UI) 
Canvas, enabling clear and dynamic interaction during 
text-to-text communication.

To further enhance the user experience, provisions 
were made for converting voice input into text and vice 
versa. Whisper, an automatic speech recognition tool, 
was employed to transcribe user voice input into text. 
Although this feature demonstrated potential, it was 
not fully developed in the initial version of the project. 
Similarly, the final phase of this development step involved 
selecting a text-to-speech service, such as Amazon Polly or 
ElevenLabs, to convert the textual responses of ChatGPT 
into spoken words. This addition would allow users to 
engage in verbal conversations with the tutor, creating a 
more immersive and accessible experience.

These foundational steps ensured that the tutor was not 
only capable of understanding and generating complex 
responses but also fully integrated into Unity for a seamless 
and engaging user experience. The design decisions made 
during this phase reflected a commitment to balancing 
technological sophistication with user accessibility, laying 
the groundwork for further enhancements and features 
in subsequent iterations. This process underscores the 
collaborative and interactive nature of the technology, 
where careful integration is essential to translate 
computational capabilities into meaningful real-world 
applications.

The initial approach to integrating the tutor into Unity, 
which relied on the OpenAI API for direct interaction 
with the ChatGPT model, was ultimately set aside in favor 
of Convo.ai (https://convo.ai/), a more comprehensive 
solution designed to streamline back-end requirements 
for integrating LLMs within Unity. The platform offered 

a robust software development kit that addressed several 
limitations of the original method and ensured smoother 
implementation for developmental purposes. These features 
provided significant advantages over the earlier approach. 
One of its standout functionalities was the ability to create 
a custom “character description,” allowing developers to 
input detailed information about the AI persona, including 
a name, backstory, and specific characteristics (Figure 2).

This customization extended to the inclusion of the 
“Knowledge Bank” feature, enabling the addition of 
specialized information tailored to the project. By doing 
so, it minimized the likelihood of model hallucinations 
and ensured that the avatar’s responses remained accurate 
and contextually appropriate. In addition, the “Personality 
& Style” settings in Convo.ai allowed for fine-tuning of 
traits such as openness, extraversion, and agreeableness, 
ensuring that the model reflected a personality befitting 
the historical figure of Leonardo da Vinci. The “Core AI 
Settings” provided another layer of control. Developers 
could select the foundational LLM to be used; for this 
project, GPT-4o was chosen for its advanced capabilities in 
generating nuanced and contextually accurate responses. 
Temperature settings were also adjustable, offering precise 
control over the randomness of the model’s outputs – a 
crucial feature for balancing creativity with reliability in 
responses.

Despite these advantages, Convo.ai presented challenges 
specific to the needs of the project. Its default avatar creator, 
Ready Player Me (https://readyplayer.me/), proved useful 
for initial development but lacked the historical fidelity 
required for a serious educational application (Figure 3). 
Specifically, creating a convincing 3D model of Leonardo 
da Vinci posed significant obstacles. Many character 
creation tools fell short in replicating period-specific attire, 
and models often failed to accurately depict distinctive 

Figure 2. The “Core AI Settings” of Convo.AI
Abbreviation: AI: Artificial intelligence.
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features such as longer hair and beards. Attempts to use 
generative tools for 3D modeling did not yield results 
compatible with the rigging and animation requirements 
of the system, as seen in Figure 4. As such, a custom-rigged 
3D model was sourced, becoming essential to achieving 
the desired level of realism and detail (Figure 5).

Additional limitations arose in sourcing high-quality 
background and scenery assets (Figure  6). While free 
resources provided a starting point, they often lacked 
the fidelity necessary for the project goals. Paid 3D 
renders were considered an interim solution for proof-
of-concept development (Figure  5). In the long term, 
integrating a virtual tour plug-in could enhance the 
immersive quality of the historical environments, offering 
users a richer experience. Furthermore, accessibility 

features, such as speech-to-text, text-to-speech, and 
sign-language compatibility, were central to the mission, 
yet their implementation required further research and 
development. For example, tools like the Hand Talk App 
(https://www.handtalk.me/en/app/) provided a potential 
lead for incorporating sign language features, but suitable 
assets for immediate use were unavailable. Addressing 
these gaps remains a priority for future iterations of the 
tutor.

Finally, there were practical considerations regarding 
the use of Convo.ai, particularly related to account 
management and API access. As the services are tied to 
specific accounts, developers need to ensure sufficient 
interaction limits to meet user demands. Moreover, the 
revenue-sharing model posed additional considerations 
for deployment, necessitating a careful cost-benefit analysis 
to determine whether to continue using Convo.ai or revert 
to the original OpenAI API integration. Thus, while 
Convo.ai offered a more streamlined and cost-effective 
solution overall, these challenges highlighted areas for 
refinement and strategic decision-making. The experience 
underscored the importance of aligning technological 

Figure 3. Engagement with the Convo.ai Leonardo Avatar via Unity

Figure 4. Artificial intelligence-generated portrait of Leonardo da Vinci 
by DALL•E 3, 2024

Figure 5. Goodartist’s 3D model da Vinci (2023) on TurboSquid
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solutions with the specific needs of the project, balancing 
functionality, historical accuracy, and accessibility to create 
an impactful and immersive educational tool for the final 
version (Figure 7).

3.2. Deployment of the Da Vinci AI Tutor to students

Following successful early testing phases, the tutor 
was formally deployed across a diverse set of courses 
during the Fall 2024 semester. This deployment included 
undergraduate and graduate Renaissance Art classes, 
global survey courses designed for non-majors, and a 
Comprehensive Examination course for graduate students. 
The range of courses allowed for the evaluation of the 
tutor’s efficacy across varied academic levels and learning 
objectives, providing a robust foundation for analyzing 
its impact on accessibility, engagement, and learning 
outcomes.

The initial iteration of the tutor was available exclusively 
as a PC version, requiring students to download and install 
the full Unity build on their desktops with instructions 
provided in Table  3. This version incorporated a newly 
designed main menu and a basic pause menu for ease of 
navigation. The main menu included “Play” and “Quit” 
options, enabling students to seamlessly enter or exit the 
application. Settings were accessible directly within the 
game itself, streamlining the interface for users. Students 
could exit the game by pressing the “Escape” key and then 
clicking the “X” at the top-right corner of the application, 
though additional features to allow direct exiting through 
the “Escape” key were under consideration.

The distribution of the build involved sharing a 
downloadable ZIP file that contained the application. 
Clear instructions were provided to ensure accessibility for 
all students, including step-by-step guidance for extracting 
and launching the application. This attention to detail 
addressed the varying levels of familiarity with software 
installation among the student population. Permissions 
were updated to allow easy access to the link, with the 

understanding that the shared storage solution would 
remain active for 60  days. Plans for a more permanent 
hosting solution were discussed to ensure the continued 
availability of the application beyond this window.

Technical challenges during this phase initially included 
issues with building the application as a web-based solution. 
Troubleshooting revealed that these errors were linked 
to microphone support, a feature integral to the tutor’s 
voice-to-voice interaction capabilities. Recognizing the 
importance of resolving these issues to enhance platform 
compatibility, the development team prioritized adapting 
the build to ensure a smoother user experience. While 
the initial PC version allowed up to 100 interactions per 
day with the Da Vinci avatar through Convo.ai Convai’s 
infrastructure – a limit that proved sufficient for class sizes 
during the early deployment – feedback from students 
highlighted significant difficulties with downloading and 
executing the required installation steps. This complexity 
created barriers to accessibility, particularly for users 
unfamiliar with extracting and launching application files.

Technical challenges during the implementation 
phase included issues related to building and deploying 
the application effectively as a web-based solution. Initial 
troubleshooting efforts revealed that errors were primarily 
associated with the integration of microphone support, an 
essential component for enabling seamless voice-to-voice 
interactions between students and the Da Vinci avatar. 
Resolving these issues was prioritized by the development 
team, given that student interactions heavily relied on 
robust and responsive voice communication. Iterative 
refinements were driven directly by student feedback, 
notably influencing improvements to response accuracy, 
interaction latency, and synchronization between avatar 
animations and audio output. For example, students 
reported noticeable delays in voice responses and 
occasional inaccuracies in pronunciation, prompting 
developers to fine-tune the speech synthesis parameters 
and enhance the underlying model training.

Figure  6. Chung the Artist’s Palace Louvre Interior-Salon Carré Pack 
(2021) on Unity Asset Store

Figure  7. Tiffani Barner’s Da Vinci AI Tutor (2024), developed using 
Convo.ai and Unity
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In addition, significant compatibility problems arose, 
especially for students using macOS. The initial PC-based 
Unity build proved particularly challenging for these users, 
who encountered consistent errors during the download 
and installation phases, effectively limiting accessibility. 
Based on direct student feedback describing these issues, the 
development team transitioned from a downloadable PC 
application to a streamlined WebGL version, significantly 
reducing barriers to access. However, this transition 
introduced new UI constraints, particularly impacting 
usability on smartphone screens due to limitations within 
Unity’s WebGL framework. Addressing these constraints 
involved targeted UI adjustments, such as optimizing 
layout designs and interaction interfaces specifically for 
desktop and tablet devices, thereby improving overall 
user experience. This iterative process ensured that 
each refinement directly responded to student-reported 
issues, continuously enhancing the application’s technical 
robustness, responsiveness, and accessibility across diverse 
platforms.

In response, the development team successfully 
completed a WebGL build, which enabled direct access to 
the application via a URL and password. This new solution 
dramatically simplified user access, eliminating the need for 
installation and allowing the tutor to be launched directly on 
desktop computers and tablets. However, the interface design 
in Unity posed challenges for smartphone compatibility, as 
the UI was not optimized for smaller screens. As a result, 
smartphones remained unsupported during this phase 

of development. The transition to a web-based platform 
improved the overall accessibility and usability of the tutor, 
addressing concerns raised during the initial deployment. 
This iteration allowed for a more seamless integration of 
the Da Vinci AI Tutor into educational settings, furthering 
its potential to engage students across diverse learning 
environments. The development team continued to 
monitor usage metrics and gather feedback to guide future 
refinements, including efforts to extend functionality to 
smartphones and other devices.

3.3. Mixed-methods study design

The study employed a mixed-methods approach to evaluate 
the implementation and efficacy of the tutor, utilizing both 
quantitative and qualitative data to ensure a comprehensive 
analysis of its pedagogical impact. A  structured survey 
instrument, developed and administered via Qualtrics, 
was distributed to students enrolled in undergraduate and 
graduate Renaissance Art courses, global survey courses 
for non-majors, and a graduate-level Comprehensive 
Examination course during the Fall 2024 semester. The 
survey was designed to capture a broad spectrum of user 
experiences, ranging from engagement levels to perceived 
educational impact and usability concerns. Responses 
provided insight into the extent to which the tutor facilitated 
learning and identified areas for further refinement.

To ensure a systematic data collection process, the 
survey instrument was structured into four key sections, 
each addressing a distinct research objective. The first 

Table 3. Student instructions for downloading and installing the Da Vinci AI Tutor

Step 1: �Download the folder from Da Vinci Tutor Main Menu by clicking this link, and then clicking the “Download this file to your device” button. 
This generally appears as an icon at the top‑left of the screen. It is represented by an arrow pointing down at a horizontal line. The students can 
choose where the folder is saved.

Step 2: �Once downloaded, students should navigate to where the folder was saved. This is usually labeled as “Downloads” in Windows Explorer. The 
folder will be called “Da Vinci Tutor Main Menu” and show a zipper on the file icon.

Step 3: �Right‑click on the folder named “Da Vinci Tutor Main Menu” and choose the option “Extract All”. This will present the option to choose where 
the contents are extracted to.

Step 4: A folder will appear called “Da Vinci Tutor Main Menu”, which will not have a zipper. Double‑click on this folder.

Step 5: Another folder is present called “Da Vinci Tutor Main Menu”. Double‑click this folder as well.

Step 6: �Within this folder, there is an application called “Da Vinci Tutor Convai”. Double‑click to open the project! This will launch an application. The 
message “Made With Unity” will briefly appear, and then the Main Menu will load.

Step 7: �With the mouse, click on the “Start” button to load the Main Scene
             �Additional Note – Once the Main Scene is loaded, Convai should automatically detect the user’s microphone. However, if there appears to be a 

problem with this functionality, pressing F10 on the keyboard will bring up an options menu. This will allow for the user to manually choose and test 
their microphone, change their display name, adjust settings. Click the “Save Changes” button to apply changes, or press F10 again to discard them.

Step 8: �Clicking anywhere within the scene will ensure the scene is “active”. The user can hold the “T” button on their keyboard while speaking into the 
microphone to verbally communicate with the AI Tutor. Alternatively, pressing the “Enter” key will allow for questions to be typed. Press “Enter” 
again to send the message.

Step 9: �When finished with the application, the student can hit the “Esc” key to bring up a Pause Menu. This will feature buttons to “Resume” 
interacting, “Main Menu” to return to previous screen, and “Quit” to exit the application entirely.
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section gathered demographic information, including age, 
gender identity, racial/ethnic background, international 
status, academic standing, and educational background. 
Additional questions were asked about commuting status, 
primary mode of instruction (online, hybrid, or face-
to-face), and academic major to contextualize student 
responses within different learning environments.

The second section focused on tool usage and 
perception, measuring baseline familiarity with AI before 
engagement with the tutor. Students were asked to rate 
their familiarity with AI, indicate prior experience with 
AI-based tools, such as IBM Watson Tutor, Google Socratic, 
Microsoft Immersive Reader, and Duolingo AI Chatbot, 
and describe their general perception of AI in education. 
These questions provided essential context for interpreting 
students’ experiences with the tutor by establishing their 
prior exposure to AI-driven learning tools. More detailed 
questions in Section 1 are:

Section 1: AI usage and perception
•	 How familiar are you with AI?
•	 Have you used AI-based tools or applications in 

the past?
•	 If yes, for what purposes have you used AI-based 

tools?
•	 How do you perceive the role of AI in education?
•	 Have you ever used an AI tutor bot before?
•	 If yes, which AI tutor bot(s) have you used in the 

past?
•	 How would you rate your previous experience(s) 

with AI tutor bot(s)?

The third section assessed direct user experiences with 
the tutor, examining usability, accessibility, and interaction 
frequency. Students rated the ease of interaction, the 
frequency with which they engaged with the tutor, and their 
preferred communication method (voice interaction, text 
input, or sign language). These measures helped determine 
how effectively the tutor accommodated different learning 
preferences and technological capabilities. Questions in 
Section 2 included:

Section 2: Experience with the AI Tutor
•	 How would you rate your overall experience with 

the Da Vinci AI Tutor?
•	 How easy was it to interact with the AI Tutor?
•	 Which communication method(s) did you use to 

interact with the AI Tutor?
•	 How frequently did you interact with the AI Tutor 

during the course?

The fourth section examined the perceived educational 
impact of the tutor, focusing on its effectiveness in 
enhancing comprehension of Renaissance art and 

supporting learning goals. Students provided ratings on 
whether the tutor helped them achieve learning objectives 
and whether they would consider using a tutor in future 
courses. Questions in Section 3 included:

Section 3: Perceived Usefulness of the AI Tutor
•	 How useful did you find the AI Tutor in enhancing 

your understanding of Renaissance Art?
•	 Did the AI Tutor help you achieve your learning 

goals in the course?
•	 How likely are you to use an AI tutor in future 

courses based on this experience?

The final segment of the survey gathered qualitative 
feedback regarding strengths, limitations, and areas for 
improvement. Open-ended questions were asked of 
students to describe the most helpful and least helpful 
aspects of the tutor, as well as any technical issues 
encountered. In addition, students provided suggestions 
for improvement, selecting from predefined options such 
as improving response accuracy, enhancing engagement, 
providing more detailed explanations, or increasing 
accessibility features. Questions in Sections 4 and 5 
included:

Section 4: Qualitative Feedback and Areas for Improvement
•	 What aspects of the AI Tutor did you find most 

helpful?
•	 What aspects of the AI Tutor did you find least 

helpful or frustrating?
•	 Did you encounter any technical issues while 

using the AI Tutor? If yes, please describe.
•	 How could the AI Tutor be improved to better 

support your learning?
•	 Please provide any additional comments or 

suggestions for the development team.

Section 5: Reflecting on the Experience
•	 Reflecting on your experience, do you feel the AI 

Tutor contributed to your learning in ways that a 
traditional teaching method could not?

•	 Would you recommend the Da Vinci AI Tutor to 
other students?

Quantitative responses were analyzed using descriptive 
statistics, including means, standard deviations, and variance 
measures, to identify patterns in student engagement, 
perceived usefulness, and interaction preferences. Responses 
to open-ended questions underwent qualitative content 
analysis to extract recurring themes, highlighting student 
satisfaction, usability concerns, and suggestions for refinement. 
This structured approach ensured a rigorous evaluation of the 
tutor, linking research questions, student experiences, and 
pedagogical impact into a cohesive framework for assessing 
AI-driven education in the humanities.
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4. Results
The respondents reflected a highly specific demographic 
profile that aligned with the advanced academic focus 
of the courses in which the tutor was implemented. 
A  total of nine students participated in the survey. The 
majority, 77.78%, were graduate students, with only 
11.11% identified as seniors and juniors, respectively. 
This distribution is consistent with the emphasis on 
advanced-level courses such as graduate Renaissance Art 
and Comprehensive Examination preparation. Regarding 
age, respondents were primarily distributed among older 
cohorts, with 37.50% aged 65 or older and another 25.00% 
aged 55 – 64. A smaller proportion, 25.00%, fell within the 
25 – 34 age range, and just 12.50% were aged 18 – 24. This 
profile suggests that many participants were likely non-
traditional or returning students, a demographic often 
associated with graduate and online programs.

The gender identity of respondents skewed heavily 
female, with 88.89% identifying as women and 11.11% 
as men. None identified as non-binary or preferred 
not to disclose their gender identity. Ethnic and racial 
diversity was limited: 88.89% of participants identified 
as non-Hispanic/Latinx, while only 11.11% identified as 
Hispanic/Latinx. In terms of racial background, 78.00% 
identified as White/Caucasian, while 11.00% identified 
as American Indian or Alaskan Native, with another 
11.00% selecting “Other.” All respondents were domestic 
students, with 100% indicating they were not international 
students. Educational backgrounds within participants’ 
immediate families demonstrated significant attainment: 
44.44% reported having a family member with a master’s 
degree, 22.22% had a family member with a doctoral 
degree, and an additional 22.22% had family members 
who had completed undergraduate degrees. Only 11.11% 
indicated that a family member had attended college 
but not completed a degree. Finally, most respondents 
(88.89%) were commuter students living off-campus, and 
the vast majority (88.89%) took their classes fully online, 
with only 11.11% enrolled in hybrid formats. This online-
focused demographic aligns with the delivery format of 
the AI tutor, which was distributed primarily as a digital 
tool. Regarding academic focus, 66.67% of respondents 
were pursuing a Master of Arts in Art History and Visual 
Culture, while 33.33% were undergraduate majors in the 
same field.

The second section of the survey examined participant 
familiarity with AI and their experience with such tools 
or applications. This segment of the survey was critical 
for understanding the baseline knowledge and experience 
of the participants with these technologies, which 
could significantly influence their interactions with and 

perceptions of the tutor. Participants were asked to rate 
their familiarity on a five-point scale, with 1 representing 
“Very familiar” and 5 representing “Very unfamiliar.” The 
distribution of responses (Figure 8) suggested a moderate 
level of familiarity with AI among the participants. Results 
indicate a general trend toward participants identifying 
as “Somewhat familiar” with AI. Specifically, 66.67% of 
respondents (6 out of 9) described themselves as “Somewhat 
familiar.” In addition, 11.11% (1 out of 9) of the participants 
rated themselves as “Very familiar,” and an equal percentage 
reported being “Somewhat unfamiliar” and “Very 
unfamiliar,” respectively. Notably, no respondents selected 
the “Neutral” option, which suggests that participants 
had a definitive perception of their familiarity with AI. In 
terms of prior usage of AI-based tools or applications, the 
survey results revealed that a significant majority of the 
respondents had engaged with such technologies in the 
past. Specifically, 77.78% (7 out of 9) reported having used 
AI-based tools, which could include applications ranging 
from language learning software and personal assistants 
to more specialized AI functionalities in various devices. 
Conversely, only 11.11% (1 out of 9) had not used AI tools 
before, and the same percentage was unsure about their 
past usage of such technologies.

The next section sought feedback on specific interactions 
and experiences with the tutor, which are summarized 
based on the survey responses. Regarding the utility of 
the tool, responses were mixed. Slightly over half of the 
students found the exercises not applicable, indicating they 
did not use the tool. Those students who engaged found the 
exercises somewhat useful or were neutral. This indicates a 
critical need for enhancing the tutor’s perceived relevance 
and effectiveness in facilitating course objectives.

When asked about achieving learning goals with the 
tutor, approximately 56% of respondents felt the tool did 

Figure 8. Participants’ familiarity with artificial intelligence
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not help them at all, while only 22% reported significant 
benefits. This feedback highlights a disconnect between 
the tutor’s capabilities and the students’ educational needs 
or expectations. Furthermore, regarding future use of 
tutors based on this experience, about 22% of respondents 
were very likely to use such a tool again, whereas another 
22% expressed reluctance or neutrality, suggesting varied 
satisfaction with the tutor. Students predominantly used 
text input (approximately 71%) to interact with the tutor, 
indicating a preference or greater ease with this method 
compared to voice interaction or other modalities. This 
preference for text could reflect greater familiarity with 
text-based interfaces or potential challenges in effectively 
utilizing voice commands.

The qualitative feedback from students regarding 
their experiences also provides valuable insights into the 
performance of the system and areas for improvement. 
Student responses to the survey questions about the most 
helpful aspects, least helpful or frustrating aspects, and 
any technical issues they encountered reveal a nuanced 
view of the current utility and limitations of the tutor. 
For instance, students appreciated the ability to provide 
detailed and extended responses to their queries. One 
student highlighted, “I liked how the AI elaborated with 
every question I had, it went above and beyond to answer 
the original question.” This indicates that the AI’s depth 
of information and ability to expand on topics were 
perceived as beneficial, particularly for those seeking 
comprehensive understanding and context. In addition, 
the personalization aspect, as reflected in another student’s 
comment, “I liked Da Vinci’s personality,” suggests that 
the AI’s character design added a unique and engaging 
dimension to the learning experience.

Feedback on areas for improvement was varied, indicating 
diverse expectations and experiences among the users. One 
respondent noted, “My inquiries were through ChatGPT 
and my answers were in response to that program. Really 
did not have an opportunity to work with Art AI program 
through the university. Will attempt after this semester is 
over.” This comment points to potential confusion or lack 
of clarity regarding how to engage with the tutor effectively. 
Another student, unable to install the program due to being 
a Mac user, highlighted a significant accessibility barrier. 
This issue underscores the need for broader compatibility 
and easier installation processes to ensure all students can 
access the tool regardless of their hardware.

Responses to what were least helpful or frustrating 
about the tutor included comments about the overload of 
information, with one student saying it provided “Way too 
much information.” Others felt the responses were “Too 
basic for my needs,” suggesting a disparity in the ability 

to match the content complexity with the user’s academic 
level. In addition, some students mentioned technical 
issues, such as slow loading times, which could disrupt the 
learning flow and affect user satisfaction. In fact, technical 
challenges were a recurrent theme, especially concerning 
installation difficulties for Mac users. The comment, “Yes! 
I was never able to install it (Mac user),” was mentioned 
multiple times, indicating a critical area for technical 
improvement. Ensuring that the tutor is accessible and 
functional across various operating systems is essential for 
its successful integration into educational settings.

Overall, qualitative feedback provided valuable insights 
into the strengths and limitations of the tutor, demonstrating 
its capability to foster enhanced comprehension, learner 
autonomy, and student engagement through personalized 
interactions. However, key areas requiring targeted 
enhancements emerged, notably in system responsiveness, 
cross-platform accessibility, adaptive content complexity, 
and interaction simplicity. The systematic summary 
presented in Table 4 delineates these findings, highlighting 
specific educational benefits, areas for technical and 
pedagogical improvement, and alignment with relevant 
findings from prior studies, thereby facilitating an 
informed interpretation of the tutor’s efficacy and potential 
avenues for future development.

5. Discussion
The deployment and evaluation of the Da Vinci AI Tutor 
have demonstrated the potential of AI in higher education, 
particularly within the humanities. Through leveraging 
generative models and a historically informed avatar, 
this initiative sought to enhance student engagement, 
personalize learning, and improve accessibility. However, 
the study also highlighted critical limitations and areas 
for refinement. The following subsections outline 
the theoretical implications, managerial or policy 
recommendations, and directions for future research, 
drawing on the lessons learned from this implementation. 
Regardless, the study contributes significantly to 
the emerging field of AI applications in humanities 
education, specifically addressing the need for adaptive, 
personalized learning experiences. The tutor demonstrates 
the feasibility of leveraging GAI, XR environments, and 
adaptive learning models to effectively enhance student 
engagement, comprehension, and critical thinking skills 
within art history coursework. By integrating cognitive 
scaffolding strategies, responsive dialogue, and immersive 
virtual contexts, the tutor aligns with established 
educational theories, including Vygotsky’s zone of 
proximal development and Kolb’s experiential learning 
theory, effectively supporting student learning beyond 
mere content delivery.
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Moreover, student feedback and survey analysis revealed 
meaningful insights into the strengths and limitations of such 
a system. Students reported improvements in accessibility, 
personalized interaction, and immediate feedback as 
key benefits. Nevertheless, technical issues – particularly 
regarding platform compatibility, user interface design, 
and voice-to-voice interaction responsiveness – highlight 
clear areas for targeted improvement in future iterations. 
Addressing these issues will further enhance the tutor’s 
effectiveness, accessibility, and overall user experience.

5.1. Theoretical implications

The findings of this study reinforce the capacity of these 
models to serve as a central component in the delivery of 
educational content rather than merely a supplementary 
tool. The integration of interactive tutors offers a unique 
opportunity to align pedagogical practices with emerging 
technologies, allowing for more tailored and immersive 
learning experiences. The use of a historically informed 
avatar, modeled on Leonardo da Vinci, demonstrates how 
cultural and technological elements can converge to deepen 
student understanding of complex historical and artistic 
concepts. However, the study also underscores the challenges 
of aligning generated content with diverse academic levels, 
revealing the need for advanced adaptive algorithms capable 
of dynamically tailoring interactions to individual learner 
profiles. This theoretical exploration contributes to the 
broader discourse on the role of this technology in education, 
advocating for its integration as a means to enrich traditional 
methodologies while maintaining academic rigor.

5.2. Managerial or policy implications

From a managerial and policy perspective, the study 
highlights the importance of broadening access to the 

tools by ensuring compatibility across multiple operating 
systems and simplifying installation processes. These steps 
are crucial to mitigating barriers that hinder adoption, 
particularly for non-traditional and less tech-savvy learners. 
Institutions must prioritize investments in user-friendly 
platforms and cross-device compatibility to promote 
equitable access. In addition, policies should encourage the 
incorporation of real-time feedback mechanisms within 
such tutors, enabling continuous refinement based on user 
inputs. Such practices not only enhance the pedagogical 
effectiveness of the tools but also foster trust and acceptance 
among students and faculty. Moreover, embedding 
multimedia content, gamification elements, and advanced 
interactive features – such as gesture recognition – can 
elevate engagement, transforming the learning experience 
from passive consumption to active participation.

5.3. Ideas for future research

Future research should focus on addressing the limitations 
identified in this study to maximize the potential of these 
tutors in education. Expanding the scope of the tutor’s 
functionality to include broader academic disciplines would 
provide valuable insights into its adaptability and efficacy 
across diverse fields. Longitudinal studies are needed to 
evaluate the sustained impact of these smart tutors on 
learning outcomes, particularly in fostering critical thinking, 
retention, and skill development. Researchers should also 
investigate the integration of emerging technologies, such as 
augmented reality and NLP advancements, to enhance the 
tutor’s interactive capabilities. Finally, studies exploring the 
ethical dimensions of generative technologies in education, 
including data privacy, bias mitigation, and equitable access, 
are essential for ensuring responsible implementation and 
widespread adoption.

Table 4. Summary of key findings and educational benefits of the Da Vinci AI Tutor

Key findings Educational benefits Areas for enhancement Comparison to previous research

Detailed and 
comprehensive responses

Improved comprehension and 
deeper engagement with art 
historical content

Responses overly detailed for 
some; require adaptive complexity 
adjustment

Aligns with adaptive and 
personalized response qualities42

Engaging personality of AI 
avatar

Increased student engagement 
and emotional connection to 
historical content

Avatar realism and conversational 
flow require improvement

Supported by findings on 
avatar‑driven immersion44

Immediate, individualized 
feedback

Facilitated self‑paced learning 
and enhanced learner 
autonomy

System latency and response delays; 
responsiveness needs improvement

Reflects advantages of immediate 
adaptive feedback43

Accessibility and 
cross‑platform 
compatibility

Potential for broader inclusion 
and accessibility across diverse 
learners

Compatibility issues (especially 
macOS); need simpler interaction 
processes

Similar to accessibility challenges 
noted in immersive AI platforms44

Adaptive complexity 
alignment

Potential to tailor learning to 
varied academic levels

Current response complexity not fully 
matched to individual learner needs

Highlights the importance of 
adaptive complexity in AI tutors42,43

Abbreviation: AI: Artificial intelligence.
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Moving forward, future development efforts should 
prioritize refining voice recognition and interaction 
capabilities to ensure seamless communication, broadening 
compatibility across devices, especially for macOS and 
mobile users, and incorporating more robust adaptive 
learning algorithms to better accommodate diverse student 
needs. Further empirical research is essential to quantify 
the direct impacts of AI-driven pedagogy on student 
achievement, retention, and engagement over extended 
periods. In addition, expanding the model across other 
humanities disciplines, such as history, literature, and 
philosophy, will provide critical insights into the scalability 
and adaptability of such smart educational tools, ultimately 
enriching digital pedagogy in higher education.

5.4. Lessons learned and recommendations

The implementation of the tutor has provided several 
critical lessons. First, technical barriers, such as operating 
system compatibility and installation complexity, 
significantly hinder adoption and must be addressed to 
broaden accessibility. Second, aligning the tutor’s content 
and interactivity with diverse learner needs is essential for 
fostering meaningful engagement. Personalized adaptive 
algorithms and user-driven feedback systems are key to 
achieving this alignment. Third, the inclusion of dynamic, 
multimedia-rich content and interactive features enhances 
the tutor’s ability to captivate and educate students 
effectively. Therefore, while the initial deployment of 
the system has underscored both its potential and its 
limitations, it has also charted a path forward for refining 
AI-driven educational tools.

6. Conclusion
The deployment and evaluation of the Da Vinci AI Tutor 
underscore significant advancements in the application 
of generative AI within higher education, specifically 
targeting the humanities discipline of art history. 
Designed to bridge historical context and contemporary 
pedagogical approaches, the tutor integrates a historically 
accurate Leonardo da Vinci avatar within immersive 
VR environments. This innovative approach addressed 
enduring pedagogical challenges, including individualized 
instruction, scalability, and equitable access, by 
combining multimodal interaction and adaptive learning 
methodologies. The mixed-methods study highlighted 
the tutor’s capacity for enhancing student engagement, 
comprehension, and accessibility through personalized 
instruction and immediate feedback. Quantitative 
data demonstrated varied engagement levels, with the 
majority of students expressing limited perceived utility, 
indicating potential misalignment with user expectations 
or technological challenges affecting usability. Conversely, 

qualitative feedback provided nuanced insights, revealing 
a strong appreciation for the comprehensive and engaging 
nature of interactions, alongside criticism related to 
excessive informational depth, platform incompatibility – 
particularly with macOS – and user interface challenges. 
The predominance of text-based interactions further 
suggests areas of refinement in voice-driven interfaces, 
necessitating optimization for broader accessibility.

Significantly, the tutor exemplifies the potential for 
AI-driven solutions to reshape pedagogical strategies, 
especially within humanities education, which traditionally 
emphasizes nuanced interpretation and critical thinking. 
By operationalizing theoretical frameworks, such as 
Vygotsky’s zone of proximal development and Kolb’s 
experiential learning theory, the tool effectively enhanced 
learner autonomy and facilitated deeper cognitive 
engagement. The study thus affirms the potential role that 
emergent technologies can play in education, advocating for 
integrative, responsive, and contextually rich instructional 
methodologies. Nevertheless, critical technical and 
methodological improvements remain imperative. 
Future research must address platform compatibility, 
particularly across operating systems such as macOS 
and mobile devices, to broaden accessibility. In addition, 
adaptive content algorithms require further refinement 
to ensure instructional materials dynamically align with 
diverse learner profiles and academic levels. Longitudinal 
studies exploring sustained impacts on learner outcomes 
and integration of emerging technologies, including 
augmented reality and enhanced NLP capabilities, are 
recommended to expand the tutor’s effectiveness and 
scope. Moreover, ethical considerations surrounding 
data privacy, bias reduction, and equitable deployment 
must underpin subsequent research endeavors to ensure 
responsible and inclusive educational innovation. Thus, 
ongoing development and systematic research are crucial 
to realizing the full pedagogical potential of AI-driven 
tutoring systems in humanities education.
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