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Abstract

We present our work on two LLM-based tools
that utilize artificial intelligence and creative
technology to improve education. The first tool
is a Moodle AI plugin, which helps teachers
manage their course content more efficiently
using Al-driven analysis, content generation,
and an interactive chatbot. The second one is a
curriculum planning tool that provides insight
into the sustainability, work-life relevance, and
workload of each course. Both of these tools
have the common goal of integrating sustain-
able development goals (UN SDGs) into teach-
ing, among other things. We will describe the
usability-focused and user-centric approach we
have embraced when developing these tools.

1 Introduction

In recent years, there has been an increase in the
use of artificial intelligence (Al) in education that
offers novel ways to support teachers and improve
students’ learning experiences (see Cleland Silva
and Hamaéldinen 2024). This shift has been par-
ticularly transformative in the field of digital hu-
manities, where Al tools are being used to analyze
vast datasets of historical texts (Hill and Hengchen,
2019; Partanen et al., 2021), digitize and interpret
cultural artifacts (Benardou et al., 2018; Orlandi
and Marsili, 2019) and even create interactive learn-
ing environments (Uibo et al., 2015; Ayeni et al.,
2024).

Al-driven platforms now enable students to ex-
plore complex topics like literature, history, and
philosophy through personalized learning paths
(see Deng et al. 2024). Large language models
(LLMs) in particular are now in the forefront of en-
abling the use of Al from a pedagogically insight-
ful perspective (see Cleland Silva and Hidmildinen
2024). However, their full potential in education
is yet to be capitalized as there are many obstacles
such as a lack of understanding of the potential
of LLMs (see Silmild 2024) and legal issues such

as GDPR concerns that hinder universities from
embracing them (see Hdmildinen 2024).

In this article, we present two LLM powered
tools that show some of the ways LLMs can be
used in educational settings. The first tool is a Moo-
dle Al plugin, which integrates LLM capabilities
within the Moodle! educational platform to assist
educators in course creation and management. The
second tool aims for curriculum planners to ana-
lyze the contents of course descriptions and degrees
to better align them with the university’s strategic
goals.

Sustainability is an overarching theme for both
of the tools as UN Sustainable Development Goals
(SDGs)? are strategically important to the univer-
sity. Recently, there has been a rise in interest in
SDGs both in digital humanities (Smith et al., 2021;
Fitri et al., 2021; Geraldo et al., 2023) and NLP
(Amel-Zadeh et al., 2021; Matsui et al., 2022; Khar-
lashkin et al., 2024). The convergence of digital
humanities and NLP in this context not only sup-
ports the advancement of sustainable development
but also enriches the academic discourse around the
role of technology in addressing global challenges.

This paper will provide a comprehensive
overview of these tools, discussing their design
and functionality. Furthermore, we have gathered
user feedback through user studies and workshops.
In the later sections of the paper, we describe the
new features that we implemented based on the
feedback. When building tools for educators, it is
important to listen to user needs so that the tools
will end up as useful as possible. This design phi-
losophy is by no means new to the field of NLP
(see Alnajjar et al. 2020).

"https://moodle.org/?lang=en
Zhttps://sdgs.un.org/goals
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2 Related work

Ever since the emergence of ChatGPT (OpenAl,
2022), there has been an ever growing body of re-
search on applying LLMs on every field of science.
Digital humanities and digital pedagogy have not
gone unaffected by this hype of the transforma-
tional new technology. In this section, we describe
some of the LLM-based tools developed to em-
power teachers and curriculum planners.

This proliferation of education data, encompass-
ing unstructured and structured text, relational
databases etc. presents a complex challenge for
constructing Knowledge Graphs (KGs). Recent
research (Bui et al., 2024) has proposed methods
for automatically building KGs from these hetero-
geneous data sources and explored the application
of these KGs in conjunction with LLMs for im-
proving the accuracy and relevance of responses in
educational question-answering tasks.

Recent research (Hu et al., 2024) has begun to
explore the role of LLMs in instructional design,
particularly within the context of mathematics edu-
cation. The study focused on assessing the instruc-
tional design capabilities of LLMs, using an instruc-
tional framework based on mathematical problem
chains. The results indicated that LLMs, particu-
larly GPT-4, performed well in various aspects of
instructional design, such as setting instructional
objectives, organizing teaching activities and se-
lecting appropriate methods and strategies.

CodeAid (Kazemitabaar et al., 2024) is an LLM-
based assistant designed to provide support without
directly revealing code solutions. The deployment
of CodeAid in a programming course with 700 stu-
dents revealed key design considerations for future
educational Al assistants, emphasizing the impor-
tance of leveraging Al’s unique capabilities, pro-
moting cognitive engagement through simplified
query formulation, avoiding direct answers to en-
courage deeper learning and ensuring transparency
to enable students to guide and assess Al responses.

Another contemporary research (Kahl et al.,
2024) has explored the potential of LLMs as Al-
based tutors in university courses. The study
used standard similarity metrics such as BLEU-
4, ROUGE, and BERTScore, alongside a human
evaluation of helpfulness and trustworthiness, to
assess the performance of the models. The findings
suggest that combining RAG with prompt engineer-
ing significantly improves the factual accuracy of
LLM-generated responses, making it an ideal ap-

proach for educational settings where additional
course material can be leveraged to enrich model
input.

3 Moodle AI Plugin

The purpose of the tool is to help teachers incorpo-
rate SDGs into their teaching. The functionalities
include analysis of relevant SDGs, assignment sug-
gestions and an interactive chatbot. The plugin can
also create an executive summary of a course and
highlight the most important skills and learning
outcomes.

The idea behind developing a Moodle plugin
instead of a separate system was motivated by the
simple design principle of reducing the required
effort from the user’s perspective. When teachers
can use the Al tool directly in a familiar platform,
they do not need to learn an entirely new system,
but instead interact with a new functionality in a
more accessible way.

The plugin is implemented as injected
JavaScript, PHP, and CSS within Moodle. This
architecture allows for seamless integration with
Moodle’s existing infrastructure. When a user
interacts with the plugin for the first time, a
background process is triggered. Specifically, a
post request is sent to a Flask server, where data
scraping, preprocessing, and Al interactions take
place.

During this initial interaction, a "super user"
with managerial rights in Moodle scrapes the nec-
essary data, such as slides. The data undergoes
preprocessing stages that include language detec-
tion, removal of private information, and content
refinement using the UralicNLP library (Hamail4i-
nen, 2019). This preprocessing ensures that no
personally identifiable information (PII) is passed
to the Al model, ensuring full GDPR compliance.
The removal of URLSs, email addresses, and refer-
ences, alongside the detection and elimination of
named entities, guarantees that the data processed
by the model is entirely anonymized, therefore the
plugin strictly adheres to GDPR regulations and
prioritizes data privacy throughout the process.

The processed information is then stored in the
Chroma vector database’® as embeddings. These
embeddings serve as the basis for various Al func-
tionalities within the plugin. Lastly, the plugin uses
the preprocessed slides and respective queries to
prompt Google’s PalLM 2 model (Anil et al., 2023)

3https://www.trychroma.com/
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Feedback

01 _embedded

Al Chat

Summary @ ©

The slide series delves into the intricacies of embedded systems, their programming challenges, timing requirements, bit manipulation techniques,
memory-mapped devices, IO interfaces, GPIO pin configurations, programmed |O techniques, and switch bounce filter mechanisms. It emphasizes
the significance of reliability, fault tolerance, and safety in embedded systems, highlighting their distinct characteristics from general-purpose
computers. The content underscores the impaortance of efficient resource allocation and constrained environments in embedded system design.
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Figure 1: Moodle Al Plugin main screen

over Vertex AI*. This model was chosen for its
strong performance, cost and GDPR compliance,
which aligns with the university’s data privacy poli-
cies and its use of Google Cloud infrastructure. The
plugin interacts with the model primarily through
prompt-based requests, which enable the genera-
tion of summaries, related SDGs, suggestions of
assigments or quizzes based on course content or
conversations with the chatbot.

To optimize performance, the plugin employs
a caching mechanism using a MySQL database.
Once the slides for a course have been processed,
the results are stored in the database, allowing the
plugin to serve future requests without contacting
the Flask server again.

The Moodle Al plugin currently supports En-
glish and Finnish. We implemented localization,
allowing the plugin to automatically switch lan-
guages based on Moodle’s language settings. For
instance, the string $string[’pluginname’] is
defined as *AI Summarizer’ in English and ’AI
Yhteenveto’ in Finnish. This logic ensures that
every text element in the plugin is fully translatable.
Future language expansion will be straightforward,
requiring only the addition of translations, as the
localization system is already in place.

The plugin’s first screen includes a summary of
slides and the SDGs related to that content. When
the user clicks on one SDG, a new window opens

*https://cloud.google.com/vertex-ai?hl=en
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with more information about that SDG containing
an explanation of how it relates to the slides, as-
signment suggestions and a draft speech that would
help teachers mention the sustainability aspect dur-
ing their lectures.

Another functionality included in the plugin is
the chatbot, which makes use of the embeddings
stored on the Chroma database along with Vertex
Al to implement a retrieval-augmented generation
(RAG) system (Lewis et al., 2020). The RAG sys-
tem pulls relevant content from the Chroma vec-
tor database, which stores embeddings of course
slides and related metadata, and combines this with
Al-generated responses. LangChain’ is used to
manage conversational history and memory, en-
suring a structured conversation flow that enables
the chatbot to provide context-aware, accurate an-
swers across multiple interactions. This integration
allows the chatbot to assist teachers by offering
personalized, relevant responses that are directly
grounded in the specific course material.

Although finetuning has not yet been imple-
mented in this iteration of the chatbot, future im-
provements, as outlined in (Macias, 2024), might
involve fine-tuning the model to enhance its perfor-
mance for specific educational tasks.

Additionally, the plugin includes the functional-
ity of analyzing all the slides of the same course.
This system relies on metadata stored in the

Shttps://python.langchain.com/
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SDG 9: Industry, Innovation, and Infrastructure - 01_embedded

Al Chat

How does this goal relate to the slides?

enhanced productivity in various industries.

Example lecture draft @ ©

Assignment suggestion @ O

your findings.

The slide series aligns closely with SDG 9, which promotes sustainable industrialization, fosters innovation, and develops resilient infrastructure.
Embedded systems play a pivotal role in advancing industrial automation, enhancing production efficiency, and optimizing resource utilization. By
enabling real-time monitoring, control, and data analysis, embedded systems contribute to improved operational efficiency, reduced downtime, and

Today, we embark on an exciting journey into the realm of embedded systems, as outlined in slides 1 to 10. These systems are the brains behind
countless devices we use daily, from smartphones to medical equipment. SDG 9, focused on industry, innavation, and infrastructure, highlights the
importance of these systems in driving technological advancements. Slide 2 introduces us to the concept of embedded systems and their unique
challenges, such as timing constraints and resource limitations. As we progress through slides 3 to 5, we delve into bit manipulation techniques,
memoery-mapped devices, and 10 interfaces, all crucial components in embedded system design. Slides 6 and 7 shed light on GPIO pin
configurations and programmed 10 techniques, emphasizing the need for reliability and fault tolerance in these systems. Finally, slides 8 to 10
explore switch bounce filter mechanisms and efficient resource allocation, essential considerations for embedded system design. Remember, these
systems are not just smaller versions of general-purpose computers; they require specialized design approaches due to their unigue constraints.

Your task is to research and present a report on a real-world application of embedded systems that contributes to SDG 9. Choose an industry or
sector where embedded systems play a vital role in driving innovation and improving infrastructure. Your report should highlight the specific
benefits and challenges associated with using embedded systems in that context. Be sure to include relevant examples and illustrations to support

Figure 2: Moodle AI Plugin specific SDG’s information

Al Chat

Feedback <

Al Chatbox

You 10:31: Hil Please call me Melany every single time you reply to my questions.
Now, coming to the slides topic. What is embedded systems?

Al 10:31: Melany, embedded systems are specialized computer systems designed to
perform specific tasks within a larger electronic system. They are often found in
everyday devices such as smartphones, medical equipment, industrial automation
systems, and even household appliances. These systems are characterized by their
reliability, fault tolerance, and resource constraints, making them essential for various
applications where precision and efficiency are crucial.

You 10:31: Can you make it sound simpler? | don't understand it.

Al 10:31: Melany, embedded systems are like mini-computers that are built into
other devices to control their functions. They are like the brains of these devices,
telling them what to do and how to do it. These systems are designed to be very

reliable and able to handle any problems that might come up, even if they have

limited resources.

Type your message here...

Figure 3: Moodle Al Plugin chatbot

Chroma vector database, where each slide is linked
to a specific course through its course ID. The re-
trieved content is then fed into the Al model to
generate a summary, key points, main skills, and
related SDGs.

The overall course functionality also includes a
general chatbot that is designed to answer queries
related to the course. The chatbot, like other parts
of the plugin, utilizes a RAG system, but it focuses

Overall Course Summary @

The course introduces the concept of operating systems and their services, including multitasking, process
management, input/output, interrupt management, file systems, memory management, network
interfaces, and more. It also discusses the vulnerability of read-modify-write sequences to race conditions
and presents four implementation approaches to address this issue.

Related SDGs @
SDG 9: Industry, Innovation, and Infrastructure:

Explanation: The course content is highly relevant to SDG 9, as it delves into the fundamental principles of
operating systems, which are essential for building and maintaining the infrastructure that supports
various industries and technological advancements.

SDG 12: R ible C and

Explanation: The course emphasizes the importance of efficient resource utilization through multitasking
and careful priority assignment, aligning with SDG 12's focus on promoting sustainable consumption and
production patterns,

Main Skills @ Key Points @

Operating systems Operating systems

Multitasking Multitasking
Resource management Race conditions

Concurrency Implementation approaches

Figure 4: Moodle Al Plugin overall course functionality

exclusively on the content from the whole course.
This ensures that the chatbot’s responses are always
relevant to the specific course material, providing a
personalized experience.
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Figure 5: The curriculum analyzer calculating the SDGs of a degree

4 Curriculum planning tool

The curriculum planning tool is a separate tool that
operates on a different level of abstraction to the
Moodle plugin. This tool works directly on course
descriptions and degree structures. The function-
alities include SDG analysis, analysis of Arene
competences® and work life relevance analysis.

On the technical side, this tool uses PaLM 2
as well. The tool’s architecture separates the Al
processing, which is handled server-side through
Flask and Vertex Al from the sensitive curriculum
data and interface, managed in MariaDB and Re-
act. This division between local and server-side
components also allows the tool to offload compu-
tationally intensive tasks to the server while main-
taining a responsive user interface. The server-side
components, including the PaLLM 2 model accessed
through Vertex Al handle the core analysis tasks,
ensuring that sensitive curriculum and course data
remain secure. This allows for powerful Al analy-
sis while keeping the human user in control of the
interpretation and application of results.

The course-level SDG analysis feature directly
addresses a critical gap in current curriculum plan-
ning tools: the lack of systematic methods for inte-
grating sustainability principles across educational
programs. While many institutions recognize the
importance of sustainability education, there has
been a dearth of practical tools to support this in-
tegration at the course level (Lozano et al., 2013;
Aurandt and Butler, 2011). This tool provides edu-
cators with actionable insights into how individual

®https://arene.fi/julkaisut/suositus-

ammattikorkeakoulujen-yhteisista-kompetensseista-ja-
niiden-soveltamisesta-2022/

courses contribute to sustainability goals, facilitat-
ing more informed curriculum design decisions.

The methodology employed in degree-level
SDG analysis typically involves aggregating and
synthesizing data from individual course assess-
ments to create a program-wide overview. Integra-
tion of SDGs into this mapping process represents a
novel extension of traditional curriculum mapping
techniques.

The visual representation of SDG alignment
across all the courses of any one degree, using
charts and color-coded matrices, offers an intuitive
interface for understanding complex relationships
between course content and sustainability objec-
tives. This visual approach addresses the need for
more accessible and interpretable data in curricu-
lum planning, a gap that has been noted in educa-
tional technology research.

The incorporation of work-life competencies
analysis in curriculum planning tools addresses
the growing demand for alignment between higher
education outcomes and labor market needs. This
feature responds to the call for more employability-
focused curriculum design, as emphasized by
Pereira et al. (2020) in their stakeholder analysis of
university curricula and employability.

S Workshop and Feedback

We organized three workshops, each lasting 2
hours, to gather feedback from educators on the
usability and features of the Moodle plugin. The
number of participants varied between 5 and 10 for
each workshop, with attendees representing differ-
ent departments within the university. Two of the
workshops were held in person in different cam-
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Related SDGs
Assignments
Quizzes
Al Chat

K 01_Embedded OS

Summary g O

The slides introduce the concept of operating systems and their services, including multitasking
and process management, input/output, interrupt management, file systems, memory
management, network interfaces, and more. Multitasking involves interleaving the execution of
processes to optimize resource utilization. Task priorities are assigned to determine the order of
execution, with the idle task having the lowest priority. Careful selection of priorities is crucial to
achieve the best response time and meet deadlines. The slides also discuss the vulnerability of
read-modify-write sequences to race conditions due to the way computers process data. Four
implementation approaches are presented to address this issue: avoiding shared state, re-entrancy,
mutual exclusion, and atomic operations.

Instructions

Feedback
N 01_Embedded_OS

Related SDGs
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Figure 6: Updated Moodle Al Plugin

puses, whereas one workshop was organized online
over Teams. Furthermore, we interviewed study
planners on their needs for the curriculum tool (see
Huovinen 2024).

As a result of the workshops, several usability
problems were identified such as teachers losing
track of where they were in the plugin, some func-
tionalities not working on Firefox, our regular ex-
pressions failed parsing the output of the LLM
and so on. Additionally, teachers were not happy
with the quality of the generated assignments as
they wanted more control over how broad the as-
signments were as well as being able to generate
quizzes automatically.

Most importantly, the teachers emphasized the
need for a tool whose focus is assisting with the
teaching experience in general and not specifically
just with sustainability.

In response to this feedback, we shifted our ap-
proach from having sustainability as the primary
focus to creating a more versatile tool that supports
teaching in a broader context. While sustainability
remains an integral part of the plugin, we have ex-
panded its functionalities to better assist teachers
in various aspects of their courses. The updated
design, featuring a hamburger menu and separate
windows for different functionalities, reflects this
shift.

Now, the plugin offers tools for generating
quizzes, assignments, and interactive content,
alongside its original sustainability features and
chatbot capabilities. In the updated plugin, each
functionality is separated, ensuring that teachers
don’t lose track of where they are in the process.
The new layout not only enhances usability but also
ensures that the plugin’s functionalities are more
accessible.

The new Quizzes functionality allows teachers
to automatically generate quizzes based on the con-
tent of their slides. Teachers can select the num-
ber of questions and the question type, such as
multiple-choice or true/false. Additionally, teach-
ers can input specific guidelines or constraints for
the quiz generation, ensuring that the generated
quizzes align with their teaching goals.

K 01_Embedded O! X

Assignments =

Quizz
Generated Assignment 1
Generated Assignment 2 Quiz Name.
“ (Centr qizname
Generated Quizz 1 Number of Questions
10 » cust
Al Chat stom
Instructions Quizz

Multiple Choice Tive/False Short Answer

Feedback

Difficulty

Settings ‘

Figure 7: Updated Moodle Al Plugin quizzes
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The Quizzes window interacts with the Moodle
backend to create actual quizzes within the Moodle
platform, making it easy for teachers to integrate
the quizzes into their courses. The Al takes into
consideration the teacher’s suggestions, ensuring
that the generated content meets their expectations.

Additionally, the new Assignment Generator
functionality allows teachers to create assignments
tailored to their course content. Teachers can select
various parameters such as the type of assessment
(e.g., projects, essays, presentations), the difficulty
level, and the content focus. Similar to the Quizzes
functionality, teachers can provide specific instruc-
tions or constraints to guide the assignment genera-
tion process.

Assignment
Assignment Type

Project Presentation Essay

Assignments
Difficulty

Introductory Intermediate Advanced

Education Level

.............

Figure 8: Updated Moodle Al Plugin assignments

The Al uses the input provided by teachers to
generate assignments that align with the course
content and the teacher’s objectives. This feature
was designed to give teachers more control over
the generated content, addressing the feedback we
received during the workshops about the need for
more customizable assignments.

As for the curriculum planner, there was a de-
mand for a workload assessment functionality and
quality assessment functionality. These function-
alities require more future work on integrating the
Moodle Al plugin with the curriculum tool. As this
requires a more systematic approach to analysing
the material of all of our teachers, this deeper inte-
gration has reached a state of hiatus due to organi-
zational resistance.

6 Conclusions

In this paper, we have presented our hands-on tools
that bring LL.Ms closer to educators to empower
a digital transformation of pedagogy at our uni-
versity. By integrating these tools into the exist-
ing educational framework, we aim to enhance the
teaching and learning experience, making it more
interactive, personalized and efficient for all parties

involved. Furthermore, we have organized work-
shops to help instructors effectively utilize these
technologies and to gather their feedback.

In addition to transforming pedagogy, our LLM-
based tools pave the road for digital humanities
research. By leveraging the capabilities of LLMs,
educators and researchers can explore novel meth-
ods for analyzing and interpreting vast amounts of
learning data. This can be used to further under-
stand the interplay of LLMs, teachers and students
in educational contexts.

7 Limitations

This study was conducted exclusively within one
university of applied sciences (UAS) in Finland,
which limits the generalizability of the findings.
The specific context, policies and educational
frameworks of Finnish higher education, particu-
larly within this UAS, may not fully reflect the con-
ditions in other countries or universities. As such,
the results and conclusions may not scale to differ-
ent educational systems or institutions with varying
academic cultures, regulatory environments or stu-
dent demographics.
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