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Executive summary

In aworld where education is rapidly evolving, using the power of technology is not just
an option but a necessity. This whitepaper explores how Large Language Models (LLMs)
can revolutionize e-learning by creating rich, engaging, and informative content tailo-
red to diverse learning needs.

Imagine a classroom where every lesson is precicely craf-
ted to match each student’s understanding level, where
teachers can focus on guiding and inspiring, and where the
learning experience is both immersive and personalized.
This is the potential of LLMs in e-learning.

Our journey began with an explorational phase, delving into

existing tools and evaluating various LLMs like ChatGPT

and Cohere’s C4Al. We discovered the remarkable ability

of these models to generate structured course outlines and

engaging content, though they faced challenges in depth and factual accuracy. Moving
forward, we deployed these models on cloud platforms like AWS, optimizing prompts and
refining data to enhance their performance.

Theheartofourresearchliesinthe comparative analysis of open-source and closed-source
models. Open-source models, with their customization and affordability, offer flexibility
but often lag in performance. In contrast, closed-source models like OpenAl’s GPT-4 and
Anthropic’s Claude provide superior accuracy and depth, albeit at a higher cost.

Quantitative evaluations revealed that, at the moment of writing, models like GPT-4 excel
in readability and structure, while our qualitative assessments highlighted their ability to
produce more consistent, informative, and engaging content.

Whether you're an educator, business owner or L&D specialist, the decision to integrate
LLMs into your educational content is not just about keeping up with technological trends
-it’'s about enhancing the quality of education. By choosing the right model and fine tuning
it, you can create dynamic, personalized content that truly resonates with your students.

As we look to the future, our recommendation is clear: embrace the capabilities of LLMs.
They hold the promise of transforming education, making learning more accessible, enga-
ging and effective for all.

Do keep in mind that these models evolve so rapidly that continuous research
and evaluation are required to make sure you're using the best model for your

purposes.
Make sure to follow Collow.ai on LinkedIn to keep Ealllems ws o
up to date with the latest innovations in the LLM ‘ Liilee A

landscape.


https://www.linkedin.com/company/92924647/

Foreword

The landscape of e-learning is at a pivotal moment, driven by rapid technological advancements and
the emergence of revolutionary tools, including LLMs. These models hold great potential to transform
educational content by adjusting it to the personal needs of individual learners, thereby making
education more inclusive and engaging than ever before.

This white paper goes in-depth into the capabilities of various LLMs in creating e-learning content, from
open-source to closed-source solutions. Our findings cover both the technical strengths of these models

and their practical effects when applied to teaching

and educational strategies. We invite educators,
instructional designers, and learning and development
professionals to explore these insights and harness the
potential of LLMs to redefine the learning experience.
The rest of this paper is a comprehensive guide, in which
you will also learn the best practices that can be acted

upon with quick examples to help you capitalize on Derk van den Doel Martin Kirilov
the strengths of LLMs to drive your own educational Author, Al developer  Author, Al developer
projects forward.

Research methodology

Before we delve into the results of our research, we'll share how we conducted this research, which was
divided into three key parts.

Explorational Research

We began by analyzing similar tools and competitor models, focusing on ChatGPT and Cohere’s C4Al.
Initial trials highlighted their capabilities and limitations. We identified key benchmarks, such as ARC,
TruthfulQA, and HumanEval, to guide our evaluation. Based on these key benchmarks, we selected a
group of top-performing models for evaluation during the testing phase.

Deployment and Prompt Optimization

We explored deployment strategies on AWS and other cloud platforms, optimizing prompts to improve
model performance. This phase was crucial as it laid the groundwork for training and future fine-tuning.
Understanding the deployment environment and prompt optimization is a prerequisite for effective
model fine-tuning, ensuring that models perform well under real-world conditions.

Model Training and Fine-tuning

A detailed evaluation of open-source and closed-source models was conducted. Fine-tuning methods,
including Parameter-Efficient Fine-Tuning (PEFT) & Reinforcement Learning from Human Feedback
(RLHF), were researched to improve model performance without compromising general language
understanding.

While quantitative benchmarks provided valuable insights, qualitative evaluation and intuition played
a significant role in LLM assessment. These models often perform variably across different tasks, and
human judgment helps identify nuances that metrics might miss. As we soon discovered, benchmarks
have limitations, underscoring the importance of a holistic evaluation approach.



Models evaluated

In our research, we evaluated several Large Language Models (LLMs) to determine
their effectiveness in generating e-learning content. Let’s briefly introduce the models
that we tested.

Mistral L_'I.

Mistral is a French
technology company
focused on advancing
artificial intelligence,
particularly through the
development of large
language models (LLMs).
Mistral is founded by
former employees of Meta
and Google DeepMind, and
they specialize in creating
powerful Al models

for natural language
processing, enabling more
accurate and efficient

text generation and
understanding. Mistral has
developed its own series
of large language models,
which are open-source,
fostering collaboration and
innovation within the Al
research community.

Mistral7

An open-source model
providing a balance
between performance and
customization.

Mistral8x7:

A more advanced variant
of Mistral7, with improved
performance metrics.

MistralLarge:

The largest and most
powerful Mistral model,
offering enhanced
capabilities for generating
detailed content.

Meta

Meta, formerly known as
Facebook, is a technology
company that develops
and operates social media
platforms, including
Facebook, Instagram,

and WhatsApp. In

terms of Al and LLMs,
Meta invests heavily

in artificial intelligence
research to improve
content recommendation,
moderation, and user
experience across its
platforms. They have also
developed large language
models, including the
LLaMA (Large Language
Model Meta Al) series,
which are open-source
models designed to
advance natural language
understanding and
generation. By making
these models open-source,
Meta encourages broader
research collaboration and
innovation within the Al
community.

Llama3 70B

An open-source model
offering flexibility and
customization, with good
performance across
several benchmarks.

Llama3 8B

A smaller, open-source
model, suitable for less
complex tasks but limited
in depth and accuracy.

Open Al

OpenAl is an artificial
intelligence research
organization that develops
and deploys cutting-edge
Al technologies, including
LLMs like GPT, which are
trained on vast amounts
of text data to understand
and generate human-

like language, enabling
applications such as text
generation, translation,
and conversational Al.
Their work spans a wide
range of Al applications,
from natural language
processing to robotics,
aimed at advancing
knowledge and ensuring
Al benefits all of
humanity. Founded as an
open-source non-profit
initiative, OpenAlis now a
commercial organization,
with Microsoft as its
biggest investor.

GPT-40

A closed-source model
by OpenAl, known for its
high performance and
reliability in generating
coherent, detailed
content.



Performance metrics

To navigate this landscape, we relied on a series of benchmarks and metrics. These included readability
scores like the Flesch-Kincaid Grade and Smog Index, which told us how accessible and complex the
generated text was. The GEval score helped us gauge the structural quality of the content, while the
BERTopic score assessed how well the content aligned with predefined key topics. We also looked at the
word count and number of lessons to evaluate the comprehensiveness of the content.

L_-'. Readability Scores
e Flesch-Kincaid Grade: Measures the reading difficulty of text. GPT-40 and MistralLarge
scored highest, indicating they produce content accessible to a wide audience.
e Smog Index: Assesses text complexity. GPT-40 and MistralLarge again performed best,
suggesting their outputs are sophisticated yet comprehensible.

Structural Quality
e GEval Score: Evaluates the organization and coherence of generated content. GPT-40
showed the highest consistency, followed closely by Llama3 70B.

Topical Relevance

e BERTopic Score*: Measures the alignment of generated content with key topics. Llama3
70B outperformed others, but GPT-40 showed consistent quality across different
content areas.

Content Length

e Word Count: Indicates the comprehensiveness of generated content. GPT-40 produced
the longest and most detailed content.

o Number of Lessons: Reflects the ability to create complete, structured courses. GPT-40
led in this metric, providing the most extensive coverage.

L_-'. Benchmarks

e ARC (Al2 Reasoning Challenge): Tested knowledge and reasoning. GPT-40 and
MistralLarge achieved high scores, demonstrating their ability to handle complex
queries.

e TruthfulQA: Evaluated accuracy of responses. GPT-40 and MistralLarge led with fewer
hallucinations and more reliable outputs.

e HumanEval: Assessed coding capabilities. GPT-40 and MistralLarge performed best,
generating functionally correct code.

e WinoGrande: Tested common sense reasoning. GPT-40 and MistralLarge scored
highest, showcasing their understanding of nuanced language tasks.

e MMLU (Massive Multitask Language Understanding): Measured language understanding
across subjects. GPT-40 and MistralLarge excelled, proving their versatility.

*Background information:

The BERTopic score is a custom metric we developed, integrating multiple advanced tools for topic analysis
and similarity measurement. We started by leveraging the existing BERTopic tool to extract topics, enabling
us to identify and cluster themes from the course. Next, we use GPT-40 to generate key topics, serving as the
mainreference points for the analysis. We then transformed both the extracted topics from BERTopic and the
key topics generated by GPT into numerical embeddings using an embedding model. Finally, we calculate the
cosine similarity between these embeddings to quantify the similarity between the extracted topics and the
key topics. This approach provides a comprehensive way to compare and assess the relevance and alighnment
of topics across courses. It's important to note that, while this metric provides a valuable framework for
measuring content alignment with key topics, it is still an approximation and not without its limitations.



Performance insights

The results are averages from 20 courses generated by each of the five models. In
each round, all models received the same prompt, with variations in topic, student
experience level, sector, and course duration across rounds. This method ensures
a consistent basis for comparing model performance under different conditions.

Qualitative insights

While quantitative metrics provided a solid foundation, qualitative assessments were crucial
for understanding the nuances of each model's performance. Human evaluation helped identify
the depth, engagement, and factual accuracy of the generated content. GPT-40 consistently
produced coherent, informative, and less "Al-generated" content. Open-source models like
Llama3 70B showed potential but needed further refinement to achieve comparable quality.

Key findings

Our extensive research and rigorous testing have identified GPT-40 as the superior Large Language Model
for e-learning content creation. GPT-40 consistently outperformed its peers, delivering high-quality
output, detailed information, and remarkable consistency. Its excellence in readability, structural quality,
and comprehensive content makes it the ideal choice for generating engaging and accurate educational
materials.

While quantitative metrics offer valuable insights into performance, qualitative evaluation is particularly
crucial in our case, as no specific metric or benchmark exists that fully addresses the unique demands of
e-learning content creation. A deeper assessment of a model’s performance is often achieved through
direct interaction and intuitive “vibe checks,” as discussed in a webinar by OctoAl. The webinar emphasized
that much of model evaluation relies on intuitive understanding, with quantitative metrics playing a smaller
role. Through these direct interactions, we observed several key differences. While the smaller models
can produce structured courses, their output is often basic and lacks both depth and informativeness.
More critically, the smaller models exhibit a higher tendency to “hallucinate,” generating numerous
factual inaccuracies. In contrast, larger models like Llama3 70B and MistralLarge show significantly fewer



hallucinations and are capable of producing more detailed content. However, they still
fall short in informativeness, as their explanations tend to be too brief and insufficient
for complex topics. This is where GPT-40 excels, offering well-structured, in-depth, and
informative courses with minimal hallucinations. Therefore, based on both qualitative and
guantitative evaluations, we have selected GPT-40 as the best Large Language Model for

e-learning content creation.

However, the importance of open-source models like Llama3 70B and Mistral8x7B cannot be overlooked.
These models offer significant advantages in terms of customization and flexibility. The ability to fine-tune
open-source models based on specific feedback allows for tailored solutions that can adapt to diverse user
needs and preferences. This customization is crucial for creating personalized learning experiences and for
enhancing the relevance and effectiveness of educational content.

In the short term, leveraging GPT-40 ensures we provide top-tier content quickly and reliably. Meanwhile,
by continuing to invest in the implementation and customization of open-source models, we can create
more adaptable and cost-effective solutions in the future. By balancing the strengths of both closed-source
and open-source models, we can ensure that our e-learning platform Collow remains at the forefront of
educational innovation, delivering exceptional learning experiences for all.

Beyond Content:
Costs, Privacy, and
GDPR Compliance

While the quality of content generated by Large Language Models (LLMs) is paramount, other factors
such as costs, privacy, and GDPR compliance play crucial roles in the selection process.

Costs

Implementing LLMs involves costs. Closed-source models like GPT-40 typically come with higher
usage fees due to their superior performance and vendor support. In contrast, open-source models like
Llama3 70B and Mistral8x7B offer a more cost-effective alternative. They incur lower initial costs and
can be hosted independently, providing long-term financial benefits, especially as usage scales.

Privacy

Data privacy is a critical consideration, especially in educational environments. Closed-source models
often store and process data on third-party servers, raising concerns about data security and privacy.
Open-source models, when deployed on private infrastructure, offer enhanced control over data,
ensuring that sensitive information remains secure. This is particularly important for institutions
handling personal data of students and educators.

GDPR Compliance

Compliance with regulations like the General Data Protection Regulation (GDPR) is mandatory for any
data-driven technology in Europe. GDPR emphasizes user consent, data protection, and the right to be
forgotten. Open-source models provide greater flexibility in implementing GDPR-compliant measures,
as they can be tailored to adhere strictly to regulatory requirements. Closed-source models, while
generally compliant, may offer less control over specific data handling practices.



Best practices

When conducting our research, we've had many interesting conversations with all the
LLMs we tested, which gave us some key insights and best practices we want to share
with you.

N U b W DN R

Define the role
Defining a role for the model helps direct its response to be more focused, relevant, and aligned
with the specific expertise you're looking for.

Define Clear Objectives
Start with a clear goal for each lesson or course. Specify the learning outcomes you want the
content to achieve.

Structured Prompts
Use structured prompts that outline the required content format, including headings,
subheadings, and examples.

Iterative Refinement
Generate content in stages, refining it with follow-up prompts to ensure accuracy and depth.

Human Review
Always review and edit Al-generated content to ensure accuracy, tone, and adherence to
educational standards.

Be Specific in Prompts

Take advantage of the model’s large context window by crafting detailed and specific prompts.
The more precise and thorough your instructions, the better the model can generate relevant
and high-quality content. Include specific details, examples, and context to guide the model’s
output effectively.

Hyperparameter experimentation
Experiment with hyperparameters such as Temperature, Top K and Top P. These
hyperparameters help control the creativity and coherence of a language model’s output.

e Temperature adjusts how random the text is - lower values make it more predictable, while
higher ones add variety but can make it less focused.

e Top K limits word choices to the top K most likely options, making text more conservative at
low values and more diverse at higher ones.

e Top P, onthe other hand, selects words dynamically based on their cumulative probability,
striking a balance between variety and coherence. Tuning these settings lets you control
how creative or factual the model’s responses are, but too high values can increase the risk
of hallucinations.



Example prompts

Course Outline

“Create a detailed course outline on [Subject], including objectives, key topics, and a
brief description of each lesson.”

Lesson Plan

“Generate a comprehensive lesson plan for [Topic], covering definitions, key concepts,
examples, and a summary.’

Quiz Questions

“Write 10 multiple-choice questions based on [Topic], with 4 answer
options and an explanation for the correct answer.”

Case Study

“Develop a case study on [Scenario], including background information, problem
analysis, and potential solutions.”

Interactive Exercises

“Create an interactive exercise for [topic] that teaches [Concept], with step-by-step
guidance and feedback.”

Role Definition

“You are a course creator and expert in [expertise], known for your elaborate content,
with clear and accessible language.”

Wondering how Al can help your organisation with e-learning?
Get in touch. I'm looking forward to meeting you.

Reinout Bom
reinout.bom@collow.ai
+31653579579
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