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Abstract: Over the past few years, several Universities and Educational Institutes have introduced e-learning platforms to
support robust alternatives to face-to-face teaching, where students can benefit from them by revisiting topics covered in
class without the constraints of time and space. However, despite this considerable flexibility, the role of the instructor as a
facilitator is crucial to support learners when they have doubts on their learning or get stuck, by encouraging them to
consider suitable strategies to approach the problem, or by providing clarification on some organisational aspects of the
module. Providing quality feedback that is tailored to the individual needs of each learner, including personality and
neurodiversity, is a challenging task for educators. Developing different methods of learner-specific feedback increases the
workload and often fails to fully address learning gaps. The lecturer's empathy, which consists of a deep understanding of
students' personal and social situations, care and concern for students' emotions, and compassionate responses, also poses
a critical role in student success. Several intelligent tutoring systems have been implemented in e-learning platforms to try
to provide immediate feedback to support students, but they focus more on providing feedback on content and often don't
tailor feedback with adaptive empathy based on different students' personalities or neurodiversity. In this paper, an Al
intelligent tutoring system based on LLM has been implemented within an e-learning platform, fine-tuned to the content
and organisational aspects of the final year project module in the IT programme, with the aim of providing immediate
feedback based on students’ requests. The software can tailor comments to each student's personality and, where
appropriate, neurodiversity, for example, showing genuine interest in responses from introverts or paraphrasing content to
improve written comprehension for dyslexics. The neurodiversity information was taken from the user's profile, while
personality was extracted using the MBTI (Myers-Briggs Type Indicator). Finally, the software was tested using a bespoke
algorithm consisting in a matchmaking process able to detect the level of communication strategies (empathy, creativity,
sensitivity) by cross matching the responses received with open online dictionaries to evaluate the effectiveness of the
tailored responses.

Keywords: Generative Al, LLM, Intelligent Tutoring System, Immediate Feedback, Personality, Neurodiversity.

1. Introduction and Background

The advantages of online education, thanks to the flexibility and interoperability that make it easier access to
learning resources, have led several universities and institutions to intensify the use of e-learning for on-line
learning (Bigiotti, 2024) or developed as an integration of face-to-face lectures. (Nortvig, 2018). In the e-learning
courses, the online tutor plays a crucial role for the success of the e-learning courses, acting as a facilitator able
to guide students in the learning process by maintaining their involvement (McPherson, 2004) and providing
feedback on their activities (Klimova et al., 2011) to clarify their doubts and allow them to increase their
knowledge and skills. However, providing feedback is a challenging task for teachers and often students perceive
the feedback provided not always effective because it is unclear, untimely, without a focus on improvement and
without strategies for uptake. (Paris, 2022) In particular, if the feedback is not timely in an online environment,
it could also be disadvantageous for a student who, despite the flexibility offered by the e-learning course, must
interrupt his online study and wait for the 1tol or face-to-face meetings with the teacher to clarify the doubts.
Delayed feedback can indeed have a negative impact on learners' engagement (Boudin et al., 2024), which can
affect their motivation and performance. In contrast, evidence confirm that immediate feedback is more
effective than delayed feedback (Shute, 2008) and has the advantage of promoting active learning and
contributing to improved cognitive outcomes. (Nalli, 2023)

The need to provide immediate support to students following online courses has led several institutions to
develop Intelligent Tutoring Systems (ITS). The ITS is a computer-based learning software that can provide
individual and adaptive feedback to students and act as an e-tutor able to provide personalised support to meet
their needs without the intervention of the instructor (Bouchard, 2008) (Lin, 2023). Recent studies raised
concerned about the efficacy of ITS with minimal intervention of the instructor (Son,2024), argued that it can
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works properly only with specific topics (Shih, 2023), or because it doesn’t always recognise their own mistakes
and provided incorrect feedback. (Matsuda, 2013)

The recent development of GenAi with the spread of several LLM tools, accessible to everyone with chatbots
(Clark et al., 2025) has contributed to increase the reliability and accuracy of the ITS (Wang, 2025). However, the
IT solutions integrated into e-learning platforms do not effectively consider the different needs of students in
terms of personality and neurodiversity, as they are often generic and lack the necessary customisation to meet
the needs of individual users. (Mukherjee, 2025)

Personalised learning is an educational strategy that consist of a tailored education to the individuals, enabling
them to enhance their understanding, abilities, perspectives and knowledge. (Shemshack et al., 2020).
Neurodiverse learners can benefit significantly from a personalised learning because, unlike common learners
who can organise their learning methods autonomously, they often require individual support to structure their
own learning pathways, especially in a self-paced online course usually based on the student-centre
approach.(Clouder et al., 2020) For example, students with ADHD prefer active and creative environments
(Boot, 2020), introverts feel more comfortable quiet, reflective, and controlled settings (Touvinen, 2020).

The paper proposes a novel approach of an e-learning Intelligent tutoring system based on LLM, fine-tuned to
the students’ characteristics to maximise their learning experience by providing immediate feedback and
recommendations (Polatidis et al., 2022) tailored to their personality and neurodiversity. This should contribute
to bridge the gaps of the students and help them to enhance their motivation in the study and improve their
academic performance.

2. Design Based Research
This work considers the characteristics of the individual learner as its primary and most important input.

The characteristics of the learners are characterised by the personality and neurodiversity that have a crucial
impact for the effectiveness of the intelligent tutoring system. Indeed the intelligent tutoring system need to
tailor the responses to meet the needs of the learners by providing the answer with the correct style and tone
based on the different characteristics able to maximise the learning experience.

While neurodiversity information was taken from the user's profile, the personality was extracted by using
Myers-Briggs Type Indicator (MBTI) by providing the related questionnaire which returns one of the 16
personalities. The MBTI is a psychometric questionnaire that measures users' preferences in terms of perception
and decision-making, considering the following dimensions: Extroversion/Introversion, Sensing/Intuition,
Thinking/Feeling. Feeling and Judging/Perceiving. (Ahmad, 2020) Recent studies have highlighted the
effectiveness of the MBTI test in the educational field such as helping teachers to understand the needs of
students and design instruction properly (Rodriguez, 2013) or as framework for categorising personality
preferences and providing valuable insights (Vaughans, 2024)

Feedback should be prioritising these characteristics to be effective and as such the followed methodology is
divided into 4 distinct phases:

e Phase 1: Capture the individual learner characteristics

e Phase 2: Create an individual Learning Diagnosis Profile (LDP)

e  Phase 3: Interact with the learner to determine the context and motivation behind a learning
request

e  Phase 4: Fulfill the request and enhance it based on the LDP

e  Phase 5: Evaluate the learner's interaction based on the learner’s satisfaction as measured by the
provided results as well as correlate satisfaction with the LLM’s tuning against the individual LDP.
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Figure 1: Sequence diagram which describes the flow of a student's interactions with the Intelligent Tutoring
System when following an online course.

Phase 1 is designed to interact with the learner providing some sample questions to quantify the background,
potential disability and learning method preference of each individual learner. This phase comprised 17 short
guestions that could be answered via multiple choice and some concise free response questions. Phase 1 is a
prerequisite to mitigate the cold start problem and the only way of identifying the learner’s background.

In the phase 2 an LDP is created based on the prerequisites of Phase 1. For this design 22 different profiles of
MBTI personality and neurodiversity were considered, as seen in Table 3. LDPs are also considered in the tuning
and pre-programming of any text requests to the LLM ITS to account for accurate responses against each
individual learning case.

Regarding the phase 3 the learners are called to interact with the system while following on-line courses,
providing relevant learning requests without disclosing any learning bias - requests were funnelled to ITS as
genuine learning requests and the ITS did not identify any individual learning characteristics at this phase.

In the phase 4 the ITS provides answers to any learning request using a combination of the user input from Phase
3 as well as knowledge from Phase 2. The ITS considers each individual case base and attempts to tailor the
output to the learner’s needs that allow them to obtain an early clarification about the doubts they can
encounter.

Finally, the phase 5 evaluates the effectiveness and quality of the learner’s interaction with the system. For this
phase a custom research component evaluates the ITS by matchmaking the fine-tuned responses against its LDP,
accounting for unique personality traits or neurodiversity with different word categories. Phase 5 is designed to
identify features such as empathy, Creativity and Tone Sensitivity.

3. Implementation

The Intelligent Tutoring System has been implemented using the Flask web framework and a database and is
run in a virtual machine based on Ubuntu 20.04.
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1. **Define your topic**: Clearly define the scope of your literature review. What
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Figure 2: Example of responses tailored based different MBTI personality

The ITS currently operates as standalone software within an online environment, enabling users to easily access
it for testing purposes. Although the design includes integration with the database, the software interface
currently comprises a text box in which users can write questions and select their personality or neurodiversity
from two drop-down menus. The software has been written in Python and developed by integrating the OpenAl
APl using the GPT-3.5 Turbo model. The model has been fine-tuned by mapping the personality and
neurodiversity options selected by the student, offering tailored prompts to guide the ITS's responses.

e

Figure 3: Example of fine-tuned prompt related to neurodiversity.

The responses are shown in the chat output and are also collected in a CSV log file on the server. This includes
the user ID, personality, neurodiversity, user input and assistance response. This helps evaluate the responses
provided and understand the reliability of the LLM. To evaluate the ITS, new software has been developed that
can match the fine-tuned responses generated for each personality or neurodiversity with different word
categories extracted using online lexicons, which identify features such as empathy (Empathy Lexicon, n.d.),
creativity (Creative Writing Vocabulary, n.d.) and tone sensitivity (NRC Emotion Lexicon, n.d.). The software then
returns the percentage of features in each ITS response based on the occurrences found. The software, which
was developed using Python, utilises an input tokenization process to break the text into shorter tokens, making
it ready to be processed by software that can analyse word frequency using the Python “collections” library. The
software counts trait-relevant keywords and checks their occurrence in the provided dictionaries, returning the
percentage for each feature. Finally, the software generates a CSV file that creates a table containing the
question asked of the ITS, the personality type, the response and the percentage achieved for each specific trait.

4. Testing and Evaluation

The ITS has been tested by asking the question '"How can | write a literature review?' with different settings in
terms of personality and neurodiversity. Specifically, 23 responses were collected by the ITS and then grouped
in a CSV file generated directly by the platform and uploaded to a dedicated repository (Github repository, n.d.).
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Table 1: Example of responses tailored based different MBTI personality

Question

Personality

Example of Response

a

How can | write

Literature

Review?

ISFP - Adventurer

Writing a literature review can be a wonderful experience of exploration and
synthesis. Here are some gentle steps to guide you through the process:

1. **Define Your Purpose:** Clarify the focus and scope of your literature review.
What are you trying to achieve? What specific research question are you addressing?

2. **Gather Sources:** Begin by collecting a wide range of relevant sources such as
academic articles, books, and other materials. Make sure to keep detailed notes as
you read through them.

3. **Organize Your Thoughts:** Create an outline to structure your literature review.
Think about different ways to categorize and group the sources based on themes,
methodologies, or other relevant factors.

4. **Start Writing:** Begin by introducing the topic and providing context for your
literature review. Then, summarize and analyze the key findings and arguments from
your sources. Remember to connect the information in a coherent and logical way.

5. **Create a Narrative:** Weave together the different sources to create a narrative
that flows smoothly and engages the reader. Highlight connections, disagreements,
and gaps in the existing literature.

6. **Critical Analysis:** Be sure to critically evaluate the strengths and weaknesses
of each source. Consider the methodology used, the credibility of the authors, and
the relevance of the findings to your research question.

7. **Synthesize and Conclude:** Finally, synthesize the information you have
gathered and conclude by summarizing the main findings, discussing the implications
of the research, and suggesting potential avenues for future study.

Remember, writing a literature review is a creative process that allows you to engage
with the existing scholarship in a meaningful way. Embrace the opportunity to
contribute your unique perspective and insights to the conversation.

a

How can | write

Literature

Review?

ESTP - Persuader

To write a literature review:
1. **Define your topic**: Clearly define the scope and focus of your literature review.

2. **Gather sources**: Collect relevant academic papers, articles, books, and other
sources related to your topic.

3. **Organize your sources**: Create a system to keep track of the sources you find,
such as using citation management tools.

4. **Read and take notes**: Summarize the key points, methodologies, findings, and
arguments of each source as you read.

5. **Identify themes and gaps**: Look for common themes, patterns, and gaps in the
existing literature.

6. **Outline your review**: Create an outline that organizes your sources and key
points in a logical order.

7. **Write your review**: Start writing your literature review, making sure to include
an introduction, body paragraphs, and a conclusion.

8. **Cite your sources**: Properly cite all the sources you use in your review using
the appropriate citation style (e.g., APA, MLA).

9. **Edit and revise**: Proofread your review for clarity, coherence, and accuracy.
Make sure it flows well and addresses your research question.

10. **Seek feedback**: Consider sharing your draft with peers or professors for
feedback and suggestions for improvement.

Remember, a literature review should not just summarize existing research but also
analyze, evaluate, and synthesize the information to contribute new insights to the
field. Good luck!

As can be seen, the ITS offers different responses depending on a student's personality or neurodiversity. The
aim is to suggest the most suitable option to empower learning and fill in skill gaps. Table 1 shows an example
of different outputs. First, for the ISFP (Adventurer), the ITS provided a response that used decorative language,
such as “wonderful experience”, and engaging sentences that reflect the student's personality and enjoyment
of socialising. In contrast, the response for the ESTP (Persuader) is shorter, encouraging the student to view it as
a challenge. It provides clear, brief instructions and uses the phrase 'good luck’, which is more suited to students
who are practical, skilled at problem solving, and drawn to challenging experiences.
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Table 2: Example of responses tailored based different neurodiversity

Question

Neurodiversity

Example of response

How can | write
a Literature
Review?

Autism

Writing a literature review involves the following steps:

1. **Define your topic**: Clearly define the research question or area of focus for your
literature review.

2. **Search for relevant sources**: Use academic databases, libraries, and other
resources to find scholarly articles, books, and other sources related to your topic.

3. *Evaluate the sources**: Assess the credibility, relevance, and quality of the
sources you find. Consider the date of publication, the author's credentials, and the
methodology used in the research.

4. **Organize your sources**: Create an outline or a concept map to organize the
sources you've gathered. Group them based on themes, theories, or key concepts.

5. **Summarize the key findings**: Write a brief summary of each source, focusing
on the main arguments, methodologies, and results.

6. **Identify gaps in the research**: Highlight any areas where there is a lack of
research or conflicting findings. This can help you identify the contribution your
literature review will make.

7. **Synthesize the sources**: Analyze the similarities and differences between the
sources you've reviewed. Look for patterns, trends, and contradictions.

8. **Write the literature review**: Start with an introduction that provides an overview
of the topic and explains the purpose of the review. Then, organize the body of the
review based on your outline or concept map. Make sure to include in-text citations
for all sources.

9. **Conclusion**: Summarize the key findings of your literature review and discuss
their implications. You can also suggest areas for future research.

10. **Edit and revise**: Review your literature review for clarity, coherence, and
accuracy. Make sure your writing is well-structured and free of errors.

By following these steps, you can create a comprehensive and well-organized
literature review.

How can | write
a Literature
Review?

Dyslexia

Writing a literature review involves:

1. Selecting a topic

2. Searching for relevant sources

3. Reading and analyzing the sources

4. Organizing your review (e.g., by themes, chronologically)
5. Writing the review (introduction, body, conclusion)

6. Citing sources properly (APA, MLA, etc.)

You should aim to summarize, analyze, and synthesize existing research on your
topic. Be sure to include critical evaluation of the sources and discuss their relevance
to your own research or argument.

Table 2 shows the responses generated for neurodiversity profiles, particularly those relating to autism and
dyslexia. The response for the autism spectrum uses simple, direct language, such as 'define the research
question' or 'write a brief summary of each source', avoiding metaphors or ambiguity that could limit
comprehension of the profile. In contrast, the dyslexic profile yields a shorter answer characterised by structured
sentences to improve readability and understanding by reducing the cognitive load that longer texts can cause.

Table 3: Evaluation of the ITS responses in terms of empathy, creativity and tone sensitivity.

Personality/Neurodiversity Description Empathy Creativity Tone Sensitivity
INTJ Architect 4.4% 0.4% 4.4%
INTP Logician 13.7% 3.4% 6.8%
ENTJ Commander 0.0% 5.4% 0.0%
ENTP Debater 14.8% 3.7% 3.7%
INFJ Counselor 7.4% 7.4% 3.7%
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Personality/Neurodiversity Description Empathy Creativity Tone Sensitivity
INFP Mediator 3.4% 13.6% 3.4%
ENFJ Giver 8.8% 0.0% 8.8%
ENFP Champion 19.0% 3.2% 6.3%
ISTJ Inspector 9.5% 0.0% 3.2%
ISFJ Protector 25.2% 3.2% 9.5%
ESTJ Director 4.2% 4.2% 4.2%
ESFJ Caregiver 9.5% 6.3% 9.5%
ISTP Crafter 4.0% 4.0% 0.0%
ISFP Artist 14.0% 18.0% 7.2%
ESTP Persuader 0.0% 13.8% 4.6%
ESFP Performer 10.6% 3.5% 3.5%
ADHD Attention Deficit 71% 10.7% 0.0%
Autism g%iiéfm”“”“mm” 3.5% 14.0% 3.5%
Dyslexia learning difficulty 5.0% 12.0% 0.0%
Dysgraphia ?;g'igll’)'/ty to write 6.8% 3.4% 6.8%
Dyspraxia ‘é‘i’f‘r’igﬂ{t‘;tf” 5.0% 4.3% 0.0%
Dyscalculia fo‘;l‘fuslt? numbering 6.5% 3.3% 6.5%

Table 3 illustrates the results obtained by performing the matchmaking software achieved for each selected
personality type or neurodiversity. Despite the percentages not being particularly high, there are some
interesting results which demonstrate how the LLM tailors its responses to meet students' needs. Empathy
achieves the highest scores, demonstrating its importance in formative feedback. It creates a safe place where
students don’t feel judged and are open to learning from mistakes, which increases their motivation and
engagement (Johnson, 2020). In individuals with certain personality types, such as ISFJ (Protector), ENFP
(Champion) and ENTP (Debater), empathy scores exceed 14%. In contrast, scores for neurodiverse individuals
decreased significantly. This is because neurodiverse individuals usually struggle to understand social awareness,
which limits their ability to develop empathic understanding (Chapman, 2022). Instead, creativity seems to
achieve higher scores in neurodiversity than in different personality profiles (except for the Artist, Mediator and
Persuader, for whom creativity is one of the main features). This is because creative interventions in
neurodiverse individuals generate ruptures and new forms of understanding and action that differ from
traditional ones (Elisondo, 2025).

Tone sensitivity is lower in neurodiverse individuals due to their impaired understanding of emotions (Dawson,
2025), so the LLM responses seem to reduce this feature to avoid misinterpretation of concepts. However, it is
interesting that higher scores are returned for personalities such as ENFJ (Giver), ESFJ (Caregiver) and ISF)
(Protector) due to their ability to be highly emotionally attuned to others, understanding their needs and
concerns.

5. Conclusion

The paper demonstrated preliminary results on formative feedback tailored to students' personalities, as well
as offering neurodiverse students suitable responses to help bridge their skill gaps. This work can be expanded
substantially to provide students with alternative learning strategies and thus having an effective assistive tool
to support their continued learning in the future.

The results demonstrate the effectiveness of the implementation of the Intelligent Tutoring System developed
using the OpenAl API, specifically the ChatGPT 3.5 model. The ITS provides clear and accurate responses that
can guide students on how to write a literature review by offering the formative feedback necessary for
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structuring a strong review. This offering has to expanded and quantified further but so far the results seem
promising.

The ITS also demonstrated its effectiveness in tailoring answers based on personality type and neurodiversity,
achieving scores of 25% empathy, 18% creativity, and 9.5% tone sensitivity, increasing or decreasing features to
meet learners' needs. However, concerns may arise when requests need online searches or deeper information
and this could be provided by new models, such as ChatGPT 4.0. In addition, as this work only evaluated the
feasibility of creating the ITS platform, a thorough investigation is required to adequately evaluate its
performance. A future extension of this work could involve conducting a case study where the students can
access the ITS during their self-pace online courses and collect their feedback about the responses provided .
This would evaluate the effectiveness by considering the user perception and the reliability as an assistive tool
for neurodiverse students during the learning.

Ethics Declaration

This is not applicable as the study only consists of a stand-alone software implementation, and doesn’t involve
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Al Declaration
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