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Introduction

The Students-as-Co-Creators (SCC) initiative at the University of Westminster promotes
collaborative partnerships between students and academic staff in which students actively
contribute to educational research, curriculum enhancement and the development of
innovative learning technologies. Rather than acting solely as end users, students participate
as researchers, designers and developers throughout the entire project lifecycle, from
identifying educational challenges to evaluating and disseminating project outcomes. This
collaborative approach enables students to develop research and professional skills while
ensuring that educational technologies are designed around authentic student needs and
experiences. The INTEGRAL project was undertaken as part of this initiative, bringing together
staff and undergraduate students from the School of Computer Science and Engineering to
investigate how recent advances in generative artificial intelligence can improve mathematical
notetaking in higher education.

Mathematical notetaking is a fundamental component of learning within STEM disciplines.
Research has shown that creating notes supports comprehension, problem solving and long-
term knowledge retention. However, unlike conventional text, mathematical notation contains
specialised symbols that remain difficult to produce efficiently using standard word-processing
software. While LaTeX has become the de facto standard for producing professional
mathematical documents, its syntax presents a substantial learning curve, requiring students
to divide their attention between understanding mathematical concepts and learning
formatting commands. This additional cognitive effort can negatively affect learning,
particularly for students who are new to higher education or have additional learning needs.

Various digital solutions have attempted to address this challenge. Handwriting-based
applications provide a natural means of entering mathematical expressions but typically
depend on stylus-enabled tablets or touchscreen devices that are not universally available.
Optical character recognition systems can convert handwritten equations into digital text, while
recent large language models have demonstrated promising capabilities in understanding
natural language descriptions of mathematics and generating accurate LaTeX
representations. Despite these advances, existing tools often support only a single input
modality, require specialised hardware, involve complex workflows or provide limited
accessibility features. Consequently, there remains a need for an accessible, browser-based
solution that enables students to create mathematical notes efficiently using commonly
available university computers.

The INTEGRAL (Interactive Notetaking Tool for Equations, Graphs, Algebra and
Logic) project addresses this challenge through the development of an Al-assisted web
application capable of converting mathematical input into professionally formatted LaTeX in
real time. The system supports two complementary methods of input: typed mathematical
expressions and spoken mathematical language. These inputs are processed through a
Python-based backend integrated with alarge language modelto generate structured LaTeX,
which is immediately rendered within the browser. Unlike many existing mathematical editing
tools, INTEGRAL requires no local installation and is specifically designed to operate within
the University of Westminster computer laboratories, making the system accessible to
students regardless of their personal hardware. The project, therefore, combines advances in
artificial intelligence with principles of inclusive educational technology to improve
mathematical note-taking for a diverse student population.

Beyond developing a functional prototype, the project investigates several broader
educational questions. It explores how generative Al can improve mathematical notetaking
practices, reduce cognitive load associated with mathematical formatting, improve
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accessibility for students with different learning needs, and provide an equitable solution that
does not depend on expensive specialist devices. In addition, the project considers the
sustainability implications of Al-assisted digital notetaking compared with traditional paper-
based approaches, together with the practical considerations of deploying such technology
within institutional teaching environments. These aims closely reflect the original objectives
defined in the SCC proposal and position the project as both a technical development and an
educational research study.

The overall aim of the INTEGRAL project is to investigate how generative artificial intelligence
can improve digital mathematical note-taking by developing and evaluating an accessible,
browser-based application capable of converting mathematical expressions into correctly
formatted LaTeX. The project combines software engineering with educational research to
explore how Al can reduce the technical barriers associated with mathematical notation while
preserving the cognitive processes that underpin mathematical learning. Emphasis is placed
on usability, accessibility, privacy, institutional deployment and equitable access within higher
education.

In accordance with the original Students-as-Co-Creators proposal, the project addresses the
following research questions:

RQ1. How can generative Al improve mathematical note-taking practices?

RQ2. What specific challenges make digital mathematical note-taking difficult compared with
handwritten methods?

RQ3. How can Al tools enhance the usability and accessibility of digital mathematical note-
taking for students?

RQ4. In what ways can Al-assisted note-taking support learning, comprehension and retention
in mathematics?

RQS5. What are the environmental and cognitive implications of paper-based versus Al-
assisted note-taking?

RQ6. How can Al-assisted note-taking tools be designed to promote equitable access across
different technological contexts?

To address these research questions, the project was organised around six objectives.

O1. Investigate the educational and technological context of digital mathematical note-
taking. To establish the theoretical foundations of the project through a critical review of
mathematical note-taking practices, digital mathematical input technologies, Al-assisted
educational tools, accessibility, sustainability and ethical considerations, while identifying the
limitations of existing approaches and the research gap addressed by INTEGRAL.

02. Specify the system requirements and design the INTEGRAL architecture. To analyse
user requirements and define the functional and non-functional requirements of the proposed
system, together with an architecture capable of supporting secure, scalable and accessible
Al-assisted mathematical note-taking within the University of Westminster environment.

03. Design and implement the INTEGRAL application. To develop a browser-based
mathematical note-taking application incorporating secure user authentication, note
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management, mathematical editing, Al integration and a responsive user interface that
supports efficient creation and management of mathematical notes.

O4. Develop and integrate an Al-assisted mathematical conversion pipeline. To
implement and evaluate an Al-assisted processing pipeline capable of converting typed and
spoken mathematical expressions into structured LaTeX using locally deployed language
models, while maintaining low latency, data privacy and compatibility with institutional
computing facilities.

05. Test and evaluate the developed system. To verify that the completed prototype
satisfies its functional and non-functional requirements through comprehensive functional,
validation, security, compatibility, integration, performance, usability and user acceptance
testing, together with analysis of the quality and reliability of the generated mathematical
output.

06. Evaluate the educational contribution and future potential of the project. To critically
evaluate the accessibility, usability, educational value, ethical implications, sustainability,
limitations and future development of Al-assisted mathematical note-taking, while reflecting
on the Students-as-Co-Creators partnership and its contribution to the successful delivery of
the project.

The principal outputs of the project are summarised by the following deliverables.

D1. Literature Review and Problem Analysis. A comprehensive review of mathematical
note-taking, digital mathematical input technologies, generative Al, accessibility, sustainability
and educational theory, establishing the motivation and research gap for the project.

D2. Requirements Specification and System Design. A complete specification of the
functional and non-functional requirements together with the overall architecture, workflows
and technical design of the INTEGRAL system.

D3. INTEGRAL Web Application. A browser-based mathematical note-taking application
supporting secure user authentication, note management, mathematical editing, Al-assisted
LaTeX generation and responsive interaction through an intuitive user interface.

D4. Al-Assisted Mathematical Processing Pipeline. An integrated processing pipeline
supporting text-to-LaTeX and speech-to-LaTeX conversion using locally deployed Al models,
together with the supporting backend services required for secure and efficient operation.

D5. Testing and Evaluation. A comprehensive evaluation of the developed system, including
functional, validation, security, compatibility, integration, performance, usability and user
acceptance testing, together with analysis of system performance, limitations and reliability.

D6. Final Project Report and Recommendations. A complete project report documenting
the research background, methodology, implementation, testing, evaluation, Students-as-Co-
Creators collaboration, conclusions and recommendations for future research and continued
development.

The relationships between the research questions, objectives and deliverables are illustrated
throughout the remainder of this report. Chapter 2 establishes the theoretical background and
addresses from O1 through to D1. Chapter 3 presents the research methodology,
requirements analysis and system design corresponding to 02 and D2. Chapter 4 describes
the implementation of the INTEGRAL application and Al processing pipeline,
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addressing O3 and O4 through to D3 and D4. Chapter 5 presents the testing strategy and
evaluation results associated with O5 and D5. Chapter 6 evaluates the completed prototype,
discusses its educational contribution, reflects on the Students-as-Co-Creators partnership,
and considers future work, thereby addressing O6 and D6. Finally, the concluding chapter
summarises the principal contributions of the project and assesses the extent to which the
original research aim and research questions have been addressed.

1 Literature Review

1.1 General Background of Mathematical Notetaking

Note-taking is often framed as a traditional or even outdated study practice, frequently
associated with relatively passive models of learning (Friedman, 2014). However, this
characterisation is increasingly difficult to sustain considering constructivist theories of
pedagogy (Castello and Monereo, 2005), which position learning as an active process of
making meaning rather than receiving information (Biggs, Tang, and Kennedy, 2022). From
this perspective, effective notetaking is not merely the recording of knowledge, but its active
construction wherein learners selectively attend to, interpret, reorganise, and encode
information in ways that reflect their prior understanding and evolving cognitive framing
(Castello and Monereo, 2005). It therefore remains central to contemporary pedagogy
precisely because it externalises thinking, supports reflection, and produces artefacts that can
be iteratively revisited and refined into more sophisticated conceptual structures (Friedman,
2014).

In mathematics education, note-taking plays a particularly significant role because students
must capture not only written explanations but also symbolic notation, logical arguments,
diagrams, and worked examples that collectively encode mathematical reasoning processes
(Schoenfeld, 2014; Duval 2006). Consequently, mathematical notes function not simply as
records of content, but as representations of conceptual structure and procedural thinking that
support subsequent problem-solving, revision, and abstraction (Hiebert and Lefevre, 2013). In
this context, the quality, accessibility, and expressive flexibility of mathematical notation
directly influence how effectively learners engage with complex ideas (Arcavi, 1994).

The widespread adoption of digital technologies in higher education has significantly reshaped
note-taking in practice (Friedman, 2014). Importantly, this shift from handwritten to digital
environments does not simply constitute a change of medium; rather, it expands the
representational and epistemic possibilities available to learners (Bolter, 2001). Notes are no
longer necessarily static artefacts, but can instead become dynamic, networked, and
computational objects: computational notebook environments now allow code, explanation,
and output to sit within a single document (Kluyver et al., 2016), while Al-supported systems
increasingly mediate how learners search for, question, and synthesise information as they
take notes (Holmes, Bialik and Fadel, 2019). In many respects, this development makes note-
taking more fluid and more closely aligned with the epistemic practices of computationally
oriented disciplines such as computer science (Kluyver et al., 2016).

However, these gains are not without complications. New frictions have emerged where
domain-specific notation systems lag behind the ease of natural text entry (Norman, 2013).
This challenge is particularly acute within mathematics because mathematical notation
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contains specialised symbolic structures, including fractions, matrices, superscripts, integrals,
and formal operators that typically require specialised input methods beyond conventional text
entry (Duval, 2006; Arcavi, 1994). The central difficulty is therefore not mathematical problem-
solving itself, but mathematical representation: students may understand a concept while
simultaneously struggling to express it efficiently within digital environments (Duval, 2006).

The most widely adopted solution to digital mathematical writing is LaTeX, which has become
the international standard for mathematical and scientific typesetting (Lamport, 1994; Gkritzali
et al., 2024). Its expressive precision makes it indispensable within academic publishing and
professional communication (Lamport, 1994). However, an important distinction exists
between typesetting mathematics and learning mathematics: LaTeX's dominance as a
publishing standard says little about its suitability as a real-time learning or note-taking tool
(Gkritzali et al., 2024). LaTeX was designed to produce print-ready documents rather than to
support rapid note-taking during lectures or seminars (Lamport, 1994). Before students can
record mathematical ideas fluently, they must first learn a specialised markup language
composed of commands and syntax that are largely unrelated to the underlying mathematical
concepts themselves (Gkritzali et al., 2024). Although such knowledge may ultimately become
professionally valuable, it nevertheless introduces an additional technical learning task that
does not directly contribute to conceptual mathematical understanding (Gkritzali et al., 2024).

This distinction highlights a broader pedagogical tension. Students should ideally devote
cognitive resources towards abstraction, pattern recognition, and mathematical reasoning, yet
in practice they may instead divide attention between understanding lecture content and
managing notation syntax or complex equation editors (Sweller, 1988). Cognitive load theory
provides a useful analytical lens in this regard by distinguishing between intrinsic load (the
inherent complexity of the material), germane load (the cognitive effort devoted to schema
construction), and extraneous load (the load imposed by suboptimal instructional design or
tools), although more recent formulations treat these categories as interacting rather than
strictly additive (Sweller, 1988; Sweller, van Merriénboer and Paas, 1998). Digital
mathematical tooling therefore cannot be understood as pedagogically neutral, since it actively
redistributes cognitive effort across these categories (Mayer and Moreno, 2003). In many
educational contexts, seminar design attempts to minimise extraneous load through restrictive
or simplified tooling choices (Sweller, van Merriénboer and Paas, 1998). However, this may
inadvertently limit the richer forms of computational engagement that contemporary digital
environments could otherwise support (Bolter, 2001).

Artificial intelligence further complicates this landscape by reshaping how mathematical
learning is mediated and by raising substantive questions regarding its compatibility with
established theories of learning (Holmes, Bialik and Fadel, 2019). From a constructivist
standpoint, learning depends fundamentally upon the active generation, manipulation, and
restructuring of knowledge rather than the passive reception in its implications (Martin et al.,
2025; Chi and Wylie, 2014; Wittrock 1992). While Al may reduce extraneous load by handling
syntactic complexity and representation management, it may also unintentionally reduce
germane load if learners bypass the effortful processes required for schema construction
(Martin et al., 2025). Consequently, Al should not be understood as a neutral addition to the
learning environment, but rather as a force that actively redistributes cognitive work,
necessitating careful consideration of when it enhances learning and when it risks displacing
it (Martin et al., 2025; Holmes, Bialik and Fadel, 2019). Al systems capable of generating
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proofs, completing derivations, or translating informal prompts into formal mathematical
notation therefore occupy an ambiguous pedagogical position: they may function as scaffolds
that reduce representational friction, but equally risk collapsing the productive struggle through
which conceptual understanding is often developed (Kapur, 2014; Dilling and Herrmann,
2024). Cognitive load theory is similarly ambivalent in its implications (Martin et al., 2025).
While Al may reduce extraneous load by handling syntactic complexity and representation
management, it may also unintentionally reduce germane load if learners bypass the effortful
processes required for schema construction (Martin et al., 2025). Consequently, Al should not
be understood as a neutral addition to the learning environment, but rather as a force that
actively redistributes cognitive work, necessitating careful consideration of when it enhances
learning and when it risks displacing it (Martin et al., 2025; Holmes, Bialik and Fadel, 2019).

Equity and accessibility introduce an additional and often under-emphasised layer of
constraint in the design of digital mathematical learning environments (CAST, 2024). In
institutional contexts, accessibility is frequently operationalised through compliance
frameworks such as the Blackboard Ally accessibility score (now rebranded Anthology Ally),
which evaluates the machine-readability and assistive-technology compatibility of learning
materials (Anthology, 2026). However, mathematical notation poses persistent challenges in
this regard: expressions rendered as images, poorly structured HTML, or inaccessible markup
may significantly reduce accessibility for screen-reader users and other assistive
technologies, and this includes LaTeX source itself, which remains difficult for many screen
readers to narrate accurately (Manzoor et al., 2019; Mackowski et al., 2023). Yet equity
considerations extend beyond formal compliance metrics (CAST, 2024). They also
encompass broader questions of cognitive and technological access, particularly given that
students vary substantially in prior exposure to LaTeX, equation editors, and structured digital
authoring systems (Gkritzali et al., 2024). As a result, representational choices in mathematical
communication can systematically advantage or disadvantage particular learner groups,
especially where expressive tooling requires substantial upfront technical investment
(Mackowski et al., 2023). Accessibility should therefore be understood not merely as inclusion
for disabled learners, but more fundamentally as equitable access to the cognitive and
technical infrastructures through which mathematical ideas are expressed and developed
(CAST, 2024).

These considerations reveal a research gap at the intersection of mathematical cognition,
digital tooling, and artificial intelligence. Existing approaches tend broadly to fall into two
unsatisfactory categories: systems that support expressive mathematical notation while
imposing substantial usability and cognitive barriers (Manzoor et al., 2019), and general-
purpose Al tools that reduce friction but fail to preserve the formal structure and epistemic
precision required for mathematical thinking (Dilling and Herrmann, 2024). This bifurcation
leaves a substantial design space underexplored, namely systems capable of reducing
barriers to digital mathematical expression without displacing the cognitive processes that
underpin learning. There is a need for tools that integrate Al in ways that are transparent,
pedagogically grounded, and explicitly sensitive to cognitive load while remaining accessible
across diverse institutional and technological contexts (Martin et al., 2025; CAST, 2024).
Addressing this gap would not only advance the design of educational technologies but also
provide a concrete mechanism for aligning contemporary Al capabilities with principles of
equitable, rigorous, and cognitively coherent mathematical learning.
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1.2 Overview of Existing Applications

Existing digital tools for mathematical typesetting are predominantly designed for professional
and academic users, although a smaller but growing subset is explicitly oriented towards
educational use. This creates a variable but persistent misalignment between the design
priorities of many tools and the cognitive and pedagogical requirements of learning
mathematics. In practice, many existing systems solve only a single aspect of the broader
problem of digital mathematical note-taking while leaving other challenges unresolved.
Collaborative LaTeX editors support high-quality formatting and publication workflows;
symbol-recognition systems simplify notation entry; and Al-driven tools provide increasingly
sophisticated explanation and generation capabilities. However, these capabilities are not
consistently calibrated to the practical realities of students taking notes during lectures or
seminars, nor to the cognitive processes through which mathematical understanding is
developed (Mueller and Oppenheimer, 2014). With the former, digital mathematical note-
taking can become a secondary technical task competing with rather than supporting
conceptual learning, while with the latter, systems that generate complete answers or
derivations may reduce the generative cognitive effort required of learners, increasing the risk
of cognitive offloading rather than supporting active engagement with mathematical ideas.

Within this landscape, collaborative authoring environments such as Overleaf exemplify a
production-oriented design paradigm (Sanches Egea et al., 2026; Bahls and Wray, 2015).
Overleaf provides a highly capable cloud-based interface for LaTeX authoring and is widely
adopted within scientific and technical disciplines because it enables precise mathematical
typesetting and collaborative document preparation for reports, dissertations, and research
publications. However, its pedagogical suitability for novice learners remains questionable.
LaTeX introduces substantial representational overhead, requiring learners to acquire
procedural fluency in a specialised markup language that is often orthogonal to the intended
learning objectives (Bahls and Wray, 2015; Knauff and Nejasmic, 2014; Gratzer, 2008). While
this overhead may ultimately contribute to disciplinary enculturation and professional practice,
it can also impose significant extraneous cognitive load, particularly in time-constrained
educational settings such as lectures and seminars (Sweller, 1988; Quinby et al., 2020).
Students may therefore find themselves dividing attention between understanding
mathematical concepts and recalling syntactic commands or formatting conventions.
Consequently, Overleaf is highly effective as a publication-oriented environment, but less
clearly aligned with equitable, cognitively accessible, and efficient mathematical note-taking
during learning activities.

A contrasting design approach is illustrated by systems such as Detexify, which address the
narrower but important problem of mathematical symbol input through handwritten gesture
recognition (Kirsch, 2010). Detexify is built around k-nearest neighbour pattern matching
enabling the classification of handwritten mathematical symbols into corresponding LaTeX
commands. To a contemporary reader, it may be somewhat surprising that Detexify is not
supported by a CNN architecture to learn spatial hierarchies in visual input, reflecting the rapid
rise of Al since Detexify emerged in 2010. Irrespective of the enabling architecture, the
Detexify system reduces a specific form of representational friction, namely symbol lookup
and notation entry, while also reducing the need for users to memorise large numbers of
LaTeX commands. This makes mathematical input more intuitive and accessible, particularly
for unfamiliar notation. Nevertheless, the pedagogical scope of the system remains limited
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primarily to interface efficiency rather than broader support for mathematical reasoning or
conceptual learning. Users must still understand LaTeX syntax and manually construct
complete mathematical expressions, limiting the system’s effectiveness as a comprehensive
educational note-taking environment.

More recent Al systems, including tools such as Perplexity Al and ChatGPT, illustrate the rapid
integration of large language models (LLMs) into both knowledge work and educational
contexts (Kasneci at al, 2023). Unlike systems based on statistical learning such as Detexify,
which operate through localised visual feature extraction and pattern recognition,
contemporary LLMs are transformer-based architectures trained on large-scale corpora to
model long-range linguistic dependencies through self-attention mechanisms (Vaswani et al.,
2017). This enables flexible natural-language interaction, contextual summarisation,
mathematical explanation generation, and increasingly sophisticated formatting capabilities.
Consequently, LLMs address a substantially broader interactional problem than notation
recognition alone, reducing friction by allowing users to express intent conversationally rather
than through formal symbolic syntax.

However, these same capabilities introduce important pedagogical tensions. While Al systems
can make mathematical information more accessible and reduce the technical effort
associated with notation production, their primary function is often to explain or solve
mathematical problems rather than to support students in recording and developing their own
understanding. This distinction is educationally significant because mathematical learning
depends not only on exposure to correct solutions, but on the active generation, manipulation,
and externalisation of reasoning processes. By generating intermediate steps or complete
derivations, such systems may reduce the generative cognitive effort required of learners,
thereby increasing the risk of cognitive offloading rather than supporting active mathematical
engagement (Risko and Gilbert, 2016; Sparrow et al., 2011). In this respect, Al systems risk
functioning not as supports for learning, but as substitutes for important forms of conceptual
and procedural activity.

Taken together, these systems reveal a fragmented design space shaped by three partially
competing objectives: expressive mathematical precision, low-friction interaction, and
pedagogically meaningful cognitive engagement. Learning-based tools such as Detexify
reduce representational barriers at the level of symbol input but remain narrow in scope;
Overleaf provides expressive power at the cost of accessibility and cognitive overhead; and
LLM-driven tools offer unprecedented flexibility while introducing concerns around epistemic
reliability, learner dependency, and the displacement of active reasoning processes. While
each approach addresses part of the problem, none fully integrates intuitive mathematical
input, accessible digital note-taking, and responsible Al assistance within a single educational
system. Despite rapid technological progress across each of these directions, comparatively
little work has addressed how they might be synthesised into an equitable note-taking
environment that is simultaneously accessible, cognitively appropriate, pedagogically
grounded, and capable of preserving the generative nature of mathematical learning in
authentic educational contexts (Wang et al., 2024). This unresolved intersection constitutes
the central research gap addressed by the present work.
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1.3 Large language models for mathematical notetaking

Large Language Models (LLMs) constitute a prominent class of contemporary Al systems
concerned with generating and processing natural language, and are situated within a broader
Al landscape encompassing rule-based systems, statistical machine learning, computer
vision, and deep neural architectures (Russell and Norvig, 2021; Goodfellow et al, 2016).
Modern LLMs are typically implemented using transformer architectures, in which self-
attention mechanisms enable the modelling of long-range dependencies across sequences of
tokens (Vaswani et al., 2017; Devlin et al., 2019). Trained on large-scale corpora, these
models learn distributed statistical representations of language that support a wide range of
downstream tasks, including question answering, summarisation, code generation,
translation, and increasingly sophisticated mathematical reasoning (Brown et al., 2020;
OpenAl, 2023; Wei et al., 2022). Public-facing systems such as ChatGPT have accelerated
the adoption of LLMs across educational and professional domains, reshaping expectations
around information access, interaction paradigms, and digital productivity.

From a systems perspective, LLM capabilities may be accessed either through hosted
conversational interfaces or via application programming interfaces (APIs), which enable
integration into domain-specific software environments. This distinction is particularly
significant for educational technology design, as API-based deployment allows LLM
functionality to be embedded within bespoke pedagogical tools rather than operating solely as
general-purpose chat systems. In the context of mathematical education, this enables the
development of systems that support translation between informal learner input and formal
symbolic representations, thereby functioning as a representational mediation layer between
natural language and structured mathematical notation. Within the present work, this
mediation role is deliberately constrained: the LLM is intended to reduce representational
friction in mathematical note-taking rather than to generate solutions or replace learner
reasoning. In this sense, the system is designed to preserve the generative cognitive
processes central to mathematical learning while reducing the technical overhead associated
with formal expression.

For mathematical note-taking, this capability is particularly relevant because students are often
required to translate rapidly between conceptual understanding and formal symbolic notation.
Rather than focusing on solving problems, the primary educational challenge in many learning
contexts lies in efficiently recording mathematical ideas using systems such as LaTeX or
equation editors. LLMs can support this process by converting natural language, spoken input,
or informal mathematical descriptions into structured markup. This reduces dependence on
memorising syntactic commands and navigating complex interface workflows, thereby
lowering technical barriers that may otherwise interfere with conceptual engagement.
Importantly, this distinction between mathematical representation and mathematical reasoning
is pedagogically significant: effective learning depends not only on producing correct outputs
but on actively engaging with the processes of abstraction, reasoning, and formalisation.

At the same time, LLMs are probabilistic sequence models rather than formally verified
reasoning systems and therefore introduce important limitations in reliability and correctness
(Bender et al., 2021; Ji et al., 2023). They may produce hallucinated, inconsistent, or
mathematically incorrect outputs, meaning that generated content cannot be treated as
inherently authoritative. Within educational contexts, this necessitates transparency and
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opportunities for user verification and correction, ensuring that Al outputs remain subject to
critical engagement rather than passive acceptance. Although much LLM research evaluates
performance using benchmarks such as MMLU, GSM8K, or HumanEval, alongside metrics
such as exact-match accuracy, semantic similarity, and human evaluation, pedagogical
suitability depends not only on correctness but also on interpretability, consistency, and
alignment with learning objectives (Hendrycks et al., 2021; Cobbe et al., 2021; Chen et al.,
2021). Consequently, evaluation in educational settings must extend beyond technical
performance to include learning impact and cognitive consequences.

The integration of LLMs into educational systems also raises broader concerns relating to data
privacy, institutional governance, reproducibility, and sustainability (Bommasani et al., 2021;
Weidinger et al., 2022; Patterson et al., 2021). Cloud-based LLM services typically process
user inputs on external infrastructure, creating potential risks associated with the handling of
student-generated data. In response, locally deployed and open-source models have
emerged as an alternative deployment strategy, enabling institutions to retain control over data
flows, improve auditability, and reduce dependence on proprietary ecosystems. While local
deployment may involve trade-offs in raw performance compared to large commercial
systems, it can offer advantages in transparency, adaptability, and long-term sustainability.
These considerations also extend to energy consumption and computational cost, as large-
scale transformer inference can impose significant environmental and infrastructural burdens.
From an equity perspective, reliance on proprietary Al services may also introduce financial
and institutional barriers that unevenly shape access to advanced educational technologies,
whereas open-source and locally deployable systems can support more equitable and
reproducible deployment across diverse contexts.

Taken together, LLM-based educational tools reveal a fragmented design space shaped by
multiple competing objectives. On one hand, these systems offer powerful mechanisms for
reducing technical friction in mathematical notation, improving accessibility, and supporting
flexible interaction through natural language interfaces. On the other hand, they risk
undermining the cognitive processes that underpin mathematical learning if they are used to
replace rather than support student reasoning. The central pedagogical tension lies in
ensuring that Al reduces extraneous technical load without diminishing the generative
cognitive effort required for conceptual development. Despite rapid advances in both
commercial and open-source systems, comparatively little work has focused on LLMs as
assistive technologies for mathematical note-taking specifically, that is, systems designed to
support students in recording and representing their own understanding during learning
activities rather than solving problems on their behalf.

This unresolved intersection constitutes a significant research gap. There remains a need for
educationally grounded Al systems that integrate LLMs in ways that are transparent,
cognitively appropriate, and aligned with active learning principles, while simultaneously
addressing practical constraints of usability, accessibility, privacy, and institutional
deployment. Such systems should preserve student ownership of mathematical reasoning
while reducing the representational and technical barriers associated with formal notation,
thereby enabling more effective, equitable, and cognitively coherent mathematical learning
environments.
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1.4 Risks, Sustainability, Accessibility & Ethics

The integration of Artificial Intelligence (Al) into educational technology presents significant
opportunities to improve accessibility, reduce technical barriers to learning, and support more
flexible forms of mathematical engagement. However, it simultaneously raises complex
ethical, pedagogical, and socio-technical questions relating to cognitive integrity, accessibility,
data governance, and sustainability. These considerations are not independent; rather, they
form an interconnected set of constraints that shape the design and deployment of Al-assisted
educational systems.

Accessibility and educational equity introduce an additional layer of constraint. Al-based
systems can improve accessibility by reducing reliance on specialised technical knowledge,
supporting multiple modes of expression, and offering adaptive forms of assistance tailored to
different levels of prior understanding. However, these benefits are unevenly distributed when
access depends on proprietary platforms, commercial subscriptions, or high-performance
hardware. This raises concerns of infrastructural inequality, particularly where students have
differing exposure to digital mathematical systems or assistive technologies.

Accessibility must also be understood in both specific and general terms. On one hand,
mathematical notation presents challenges for assistive technologies such as screen readers,
especially when expressions are encoded as images or poorly structured markup. Standards
such as LaTeX and MathML can improve machine readability, but they often require specialist
knowledge that exceeds what is typically expected of students. On the other hand,
accessibility also refers more broadly to reducing unnecessary technical barriers for all
learners, ensuring that students can express mathematical ideas effectively in digital
environments without excessive syntactic or interface burden. In this sense, accessibility is
not solely a disability inclusion concern, but a universal design principle related to cognitive
and technical usability.

In addition, the use of locally deployed models introduces a significant shift in data governance
and institutional control. Unlike cloud-based systems, where student-generated content is
transmitted to external servers for processing, local inference ensures that all user data
remains within the institutional environment. This is particularly important in educational
contexts where mathematical notes may constitute sensitive or identifiable student work,
bringing the system into scope of data protection frameworks such as the General Data
Protection Regulation (GDPR). Beyond compliance, this architectural choice reflects a
broader principle of data sovereignty, whereby educational institutions retain control over the
storage, processing, and lifecycle of student data rather than delegating these responsibilities
to third-party providers.

Sustainability introduces a further dimension of analysis. Training and deploying large
transformer-based models is computationally and energy intensive, requiring substantial
hardware infrastructure and ongoing inference costs [reference]. While individual model
queries may appear negligible, aggregate usage across large student populations can result
in significant energy consumption. In this sense, environmental impact must be understood as
a systemic property of scale rather than an individual interaction cost. Traditional handwritten
note-taking provides a near-zero operational energy baseline, although it lacks the
representational flexibility and computational augmentation of digital systems. This
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comparison highlights a fundamental trade-off between computational capability and
environmental cost in Al-mediated education.

However, sustainability is not solely a constraint but also a design parameter. Deployment
decisions such as model size, architecture, and hosting strategy can be shaped to optimise
efficiency. Techniques such as model distillation and quantisation, as well as the use of
smaller task-specific open-source models, can significantly reduce computational overhead
while maintaining adequate performance for educational tasks such as natural-language-to-
markup translation. Local deployment further reduces dependence on large-scale cloud
infrastructure and repeated network communication, offering potential improvements in
energy efficiency alongside enhanced institutional control.

A further practical consideration concerns the dependence of cloud-based LLMs on internet
connectivity and external infrastructure. In lecture and seminar environments, where students
interact with mathematical ideas in real time, network latency, bandwidth fluctuations, and
service availability can introduce unpredictable delays that disrupt cognitive continuity and the
flow of learning. Locally deployed models avoid these infrastructural dependencies, providing
consistent, low-latency performance that supports responsive interaction and ensures that
system reliability is determined by pedagogical rather than network constraints.

The selection of model scale introduces a fundamental trade-off between computational
efficiency and representational capability. Smaller models (e.g., 7B parameter systems)
typically offer faster inference and lower memory requirements, making them more suitable
for real-time educational applications where responsiveness is critical. Larger models (e.g.,
34B or 70B parameter systems), while potentially offering improved reasoning and generation
quality, introduce significantly higher computational overhead and latency, which may exceed
acceptable thresholds for interactive classroom use. This trade-off highlights the importance
of aligning model architecture with pedagogical constraints rather than purely optimising for
benchmark performance.

A further dimension of local deployment concerns the removal of per-request API costs
associated with commercial LLM services. While often framed as a technical implementation
detail, this has broader implications for the scalability and long-term sustainability of
educational tools. Eliminating dependency on usage-based pricing models reduces financial
barriers to adoption and ensures that system access is not constrained by institutional
subscription budgets or fluctuating provider pricing structures. In this sense, cost efficiency
becomes a structural factor in ensuring equitable and scalable deployment of Al-assisted
educational technologies.

Taken together, these considerations suggest that Al-assisted educational tools must be
evaluated within a broader socio-technical framework that integrates cognitive, ethical, and
environmental dimensions. Effective design requires balancing three interdependent
constraints: preserving cognitive integrity and generative engagement in learning; ensuring
equitable and accessible participation across diverse learner populations and institutional
contexts; and minimising environmental and infrastructural cost while maintaining functional
performance. Rather than treating these as separate design requirements, they should be
understood as co-equal and interdependent factors shaping the responsible development of
Al-mediated mathematical learning systems.
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2 Project Methodology

This chapter describes the methodology adopted throughout the INTEGRAL project, from
identifying user needs and eliciting system requirements to the design, implementation, and
evaluation of the proposed Al-assisted mathematical note-taking application. A user-centred
and iterative software development approach was employed, combining requirements
gathered from prospective users with findings from the literature review to guide the system
design. The chapter describes the requirements elicitation process, the development
methodology, the specification of functional and non-functional requirements, the tools and
technologies used during implementation, the evaluation strategy, and the ethical
considerations that informed the project's design and deployment. This chapter describes the
methodology adopted throughout the INTEGRAL project, from identifying user needs and
eliciting system requirements to the design, implementation, and evaluation of the proposed
Al-assisted mathematical note-taking application. A user-centred and iterative software
development approach was employed, combining requirements gathered from prospective
users with findings from the literature review to guide the system design. The chapter
describes the requirements elicitation process, the development methodology, the
specification of functional and non-functional requirements, the tools and technologies used
during implementation, the evaluation strategy, and the ethical considerations that informed
the project's design and deployment.

2.1 User Needs Analysis

The development of INTEGRAL followed a user-centred design approach in which prospective
users were involved at the earliest stages of the project to identify the challenges associated
with digital mathematical note-taking and to establish the requirements for the proposed
system. Rather than defining functionality solely from a technical perspective, the project
sought to understand the needs of students and staff who regularly work with mathematical
notation in higher education.

To support this process, a structured questionnaire was designed and distributed to
prospective users (see Appendix 1). The questionnaire investigated participants' current
note-taking practices, the difficulties they encounter when recording mathematical content,
their experience with LaTeX, accessibility requirements, preferred methods of mathematical
input, and the features they considered most valuable in an Al-assisted mathematical note-
taking application. The complete questionnaire is provided in Appendix 1.

The questionnaire comprised twelve questions organised into five themes:

participant background and current note-taking practices;

challenges associated with mathematical notation and digital note-taking;
accessibility and inclusive design requirements;

desired functional features and system capabilities; and

intended use of the proposed system within teaching and learning activities.

Collecting these requirements before implementation ensured that the system addressed
genuine educational needs rather than technology-driven assumptions. The findings informed
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both the functional and non-functional requirements presented in the following section and
guided subsequent architectural and interface design decisions.

The questionnaire findings were combined with evidence from the literature review and
discussions within the Students-as-Co-Creators project team to produce a structured
requirements specification. Rather than documenting requirements informally, all identified
requirements were recorded within a dedicated requirements management spreadsheet
(see Appendix 2), enabling systematic classification, prioritisation, traceability, and validation
throughout the development process.

Each requirement was documented using a standard template consisting of:

requirement identifier;

requirement type (functional or non-functional);

description;

user story;

acceptance criteria using the Given—-When-Then format;
implementation priority following the MoSCoW prioritisation technique;
quality attribute (where applicable);

measurable success criteria;

affected system component; and

implementation status.

Functional requirements described the behaviour expected from the application, including Al-
assisted LaTeX generation, speech input, note management, authentication, export
functionality, and user interface features. Non-functional requirements captured quality
attributes such as accessibility, performance, security, usability, reliability, maintainability, and
privacy. Examples include target response latency, WCAG accessibility compliance, HTTPS
communication, user data isolation, and Blackboard Ally compatibility. These requirements
provided measurable objectives against which the completed prototype could subsequently
be evaluated.

2.1 Development Methodology

The development of INTEGRAL followed an iterative prototyping methodology, enabling
the system to be designed, implemented, evaluated, and refined through successive
development cycles. This approach was selected because the project combined software
engineering with emerging artificial intelligence technologies, requiring continuous
experimentation, validation, and refinement throughout development (Sommerville, 2020;
Pressman and Maxim, 2020).

The development process began with the identification of user needs and the specification of
functional and non-functional requirements. These requirements provided the basis for the
initial system architecture and guided the prioritisation of implementation tasks. Rather than
attempting to develop the complete application in a single stage, individual components were
implemented incrementally, allowing each subsystem to be tested and evaluated before
integration into the overall system (Pressman and Maxim, 2020).

The project progressed through a series of development iterations that included user interface
design, backend implementation, Al model integration, speech-to-text processing,
mathematical notation generation, authentication, note management, and system
optimisation. Following each iteration, the prototype was evaluated against the specified
requirements, with the findings informing subsequent design improvements and
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implementation decisions. This iterative approach is consistent with user-centred software
development practices, where continuous evaluation and refinement improve both system
quality and usability (Norman, 2013; 1ISO 9241-210, 2019).

Throughout development, continuous testing was performed to verify functionality, usability,
security, performance, and compatibility. Feedback obtained from prototype demonstrations
and internal project reviews was used to refine both the system architecture and the user
interface. This iterative process reduced implementation risks, facilitated the integration of new
features, and ensured that the final prototype remained aligned with the educational objectives
and user requirements established during the earlier stages of the project (Sommerville,
2020).

The overall development lifecycle adopted within the project is illustrated in Figure 2.1.
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Fig. 2.1 Project Development Model

2.2. System Requirements

The information gathered during the requirements elicitation process was translated into a
structured Software Requirements Specification (SRS), providing a clear definition of the
functionality and quality attributes expected from the INTEGRAL system. Following
established software engineering practice, requirements were categorised as functional and
non-functional to ensure that both the system behaviour and its performance characteristics
could be systematically designed, implemented, and evaluated (Sommerville, 2020;
Pressman and Maxim, 2020). The complete requirements specification, including user stories,
acceptance criteria, priorities, implementation status, and traceability information, is presented
in Appendix X.

The functional requirements describe the services that the application must provide to support
Al-assisted mathematical note-taking. These include user authentication, note creation and
management, speech recognition, natural language processing, mathematical notation
generation, file management, and personalisation features. The requirements were derived
from the user needs analysis presented in Section 2.1 and were refined through discussions
within the Students-as-Co-Creators project team. Collectively, they formed the basis for the
overall system architecture and guided the implementation of individual software components.
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Figure 2.2 illustrates the workflow adopted for Al-assisted mathematical notation generation.
User input is validated before being processed by a locally deployed Mistral 7B language
model via the Ollama inference framework. The generated LaTeX output is subsequently post-
processed and returned to the frontend through the system's API. The inclusion of input
validation and response caching was specified as part of the functional requirements to
improve reliability and minimise unnecessary model invocations.

User text input
(plain language math expression)

Invalid

Input validation
validate_expression()

400 error
Clear message

Cache check
In-memary dictionary lookup

Cache hit
Return in ~2ms

Timeout 60s limit Mistral 7B Instruct via Ollama
Fallback \text{} Few-shot system prompt {temp=0.1, max 512 tokens)

I

Output cleaning
clean_latex_output(), strip artefacts

LaTeX output
Stored in cache , returned to API

Figure 2.2; Text-to-LaTeX Generation Flowchart

To support hands-free note-taking, speech recognition functionality was incorporated into the
system requirements. As illustrated in Figure 2.3, spoken mathematical expressions are first
transcribed using the Whisper speech recognition model before entering the same LaTeX
generation pipeline. Reusing the downstream processing workflow provides consistent
behaviour regardless of whether mathematical expressions are entered through text or speech
while reducing implementation complexity.

User speaks equation
Mic start/stop button in Ul
denied

Browser audio capture Mic denied
Browser audio AP| , .mda / .wav Error shown

A 4

POST/apiftranscribe/
audio bytes sent to FastAPI backend

Low confidence nclear Whisper ASR (local)
Retry prompt openai-whisper base model , fimpeg

Recognised text
"x squared plus 2x plus 1"
Passed to Mistral pipeline
Text -> LaTeX via convert_with_mistral()

Figure 2.3 Speech-to-text processing workflow
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In addition to functional capabilities, the project defined a comprehensive set of non-functional
requirements covering performance, accessibility, security, maintainability, scalability, and
privacy. These quality attributes were particularly important because the application is
intended for use during live lectures, where rapid response times and reliable mathematical
transcription are essential. The decision to deploy all Al models locally was therefore driven
not only by performance considerations but also by the need to preserve user privacy and
reduce dependence on external cloud services.

Several open-source language models were evaluated during the system design process to
determine their suitability for local deployment. As shown in Figure 2.4, candidate models were
compared with respect to reasoning capability, mathematical performance, computational
efficiency, and hardware requirements. Based on this evaluation, Mistral 7B was selected as
it provided the most appropriate balance between inference quality, response time, and
resource consumption, satisfying the project's non-functional requirements while remaining
deployable on commodity hardware.

Model Modality MMLU HellaSwag WinoGrande PIQA Arc-e Arc-c NQ TriviaQA HumanEval MBPP MATH GSMSK
LLaMA 27B Pretrained 44.4% 77.1% 69.5% 7719% 68.7% 432% 24.7% 63.8% 11.6% 26.1% 3.9% 16.0%
LLaMA 2 13B Pretrained 55.6% 80.7% 72.9% 80.8% 752% 48.8% 29.0% 69.6% 18.9% 354% 6.0% 34.3%
Code LLaMA 7B Finetuned 36.9% 62.9% 62.3% 728% 59.4% 345% 11.0% 349% 31.1% 525% 52% 20.8%
Mistral 7B Pretrained  60.1% 81.3% 75.3% 83.0% 80.0% 55.5% 28.8% 69.9% 30.5% 47.5% 131% 52.1%

Figure 2.3 Benchmark Evaluations of LLM’s

The resulting requirements specification served as the primary reference throughout
development, ensuring traceability between identified user needs, implemented functionality,
and the evaluation criteria used to assess the completed prototype.

2.5 Data Sources and Tools

The development of INTEGRAL relied on a combination of primary and secondary data
sources together with a range of software tools supporting system design, implementation,
testing, and evaluation. Using multiple sources of evidence and specialised development tools
ensured that both the educational objectives and technical requirements of the project could
be addressed effectively.

The primary data source comprised the prospective user questionnaire described in Section
2.1. Responses from students and staff were analysed to identify common challenges
associated with mathematical note-taking, accessibility requirements, and desired system
functionality. These findings informed the elicitation and prioritisation of the system
requirements and guided design decisions throughout the development process.

Secondary data sources consisted of academic literature, technical documentation, and
software engineering standards. The literature review provided the theoretical foundation for
the project by examining digital note-taking, mathematical notation systems, accessibility in
higher education, speech recognition technologies, and generative artificial intelligence.
Official documentation for the selected development frameworks and Al models was also
consulted throughout implementation to ensure that best practices were followed.

A range of software tools and frameworks was used to implement the system. The user
interface was developed using React and TypeScript, which provide the components and
programming structure required to create an interactive web application. The backend
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services were developed in Python using the FastAPI framework, which manages
communication between the user interface, application logic, and data storage components.

Atrtificial intelligence functionality was integrated through Ollama, which enables local
execution of the Mistral 7B large language model. This model provides natural language
processing capabilities, allowing the system to interpret user input and generate
mathematical content, including LaTeX representations of equations. Speech recognition
was implemented using Whisper, which converts spoken mathematical expressions into text
that can then be processed by the application. Mathematical notation was displayed using
KaTeX, a rendering library that converts LaTeX expressions into high-quality visual
equations within the web interface.

Version control and software development were managed using Git and GitHub, allowing
changes to the source code to be tracked, reviewed, and restored throughout the project
lifecycle while maintaining a complete history of development. Application data, including
user accounts and stored notes, was managed using a lightweight relational database.
Development and debugging were performed using Visual Studio Code alongside modern
web development tools and browser debugging utilities to support implementation, testing,
and refinement of the system.

The combination of these data sources and software tools supported the complete project
lifecycle, from requirements gathering and system development to testing and evaluation. The
selection of locally deployed Al models was particularly important in satisfying the project's
privacy, accessibility, and performance requirements while reducing dependence on external
cloud services.

The evaluation methodology was designed to determine whether the INTEGRAL prototype
satisfied the functional and non-functional requirements established during the earlier stages
of the project. A mixed-methods approach was adopted, combining quantitative performance
measurements with qualitative usability assessment to provide a comprehensive evaluation
of the system (ISO, 2018; Brooke, 1996; Nielsen, 1994).

Functional evaluation focused on verifying that each implemented feature operated according
to its corresponding acceptance criteria defined within the Software Requirements
Specification. Core functionality, including user authentication, note management, speech-to-
text transcription, Al-assisted LaTeX generation, and file export, was systematically tested
using representative user scenarios. The successful completion of each scenario was
recorded to assess the overall completeness and reliability of the implemented functionality
(Pressman and Maxim, 2020).

The performance of the Al-assisted components was evaluated by measuring response
latency, transcription accuracy, and the quality of generated mathematical notation. Particular
attention was given to the responsiveness of the locally deployed Mistral 7B and Whisper
models, as low processing latency is essential for supporting note-taking during live lectures.
Performance testing also considered the computational resources required for local inference
to determine whether the selected architecture satisfied the project's real-time requirements
(Jiang et al., 2023; Radford et al., 2023).

Usability evaluation was conducted through structured user testing involving representative
users from the target audience. Participants were asked to complete predefined note-taking
tasks while interacting with the prototype, after which they provided feedback regarding ease
of use, interface design, navigation, perceived usefulness, and overall user experience. Where
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appropriate, the System Usability Scale (SUS) was employed as a standardised instrument
for assessing perceived usability and facilitating comparison with established usability
benchmarks (Brooke, 1996).

The evaluation also considered non-functional characteristics including accessibility,
reliability, maintainability, privacy, and security. Accessibility was assessed against
recognised principles of inclusive interface design and compatibility with assistive
technologies (ISO, 2019; W3C, 2023). Privacy and security were evaluated by verifying that
all Al processing remained local to the user's device and that user authentication and data
storage mechanisms operated as intended.

Together, these evaluation activities provided evidence that the developed prototype
addressed the project objectives and user requirements while identifying areas for future
improvement.

Ethical considerations were integrated throughout the INTEGRAL project, from requirements
elicitation and system design to implementation and evaluation. The project was developed in
accordance with the ethical principles of respect for participants, privacy, transparency,
accessibility, and responsible use of artificial intelligence. These considerations were
particularly important because the application was designed for educational use and involved
collecting user feedback during the requirements analysis and evaluation stages (British
Educational Research Association (BERA), 2024).

Participation in the prospective user questionnaire and system evaluation was voluntary.
Participants were informed about the purpose of the project, the intended use of the collected
information, and their right to withdraw from participation at any stage without consequence.
No personally identifiable information was required beyond that necessary for the analysis,
and all responses were anonymised prior to analysis. Data collection and processing were
conducted in accordance with the UK General Data Protection Regulation (UK GDPR) and
the Data Protection Act 2018, ensuring that personal information was handled securely and
used solely for the purposes of this research (Information Commissioner's Office, 2024).

Privacy was a key design consideration throughout the project. Unlike many Al-assisted
educational applications that rely on cloud-based services, INTEGRAL was designed to
perform both speech recognition and large language model inference locally. By deploying
Whisper and Mistral 7B through Ollama, mathematical notes and spoken input remained on
the user's device, significantly reducing the risks associated with transmitting sensitive
educational data to third-party services. This architectural decision directly supported the
project's non-functional requirements relating to privacy, security, and trustworthiness
(European Commission, 2019).

Accessibility was considered from the earliest stages of development to ensure that the
application could support a diverse range of learners. Requirements gathered from
prospective users informed interface design decisions, while accessibility guidance and
inclusive design principles were considered during implementation. Features such as speech
input, readable mathematical rendering, responsive layouts, and compatibility with assistive
technologies were incorporated to improve usability for users with different learning
preferences and accessibility needs (1ISO, 2019; Anthology, 2026).

The use of generative artificial intelligence also introduces ethical challenges, including the
possibility of inaccurate or misleading outputs. To mitigate these risks, the generated
mathematical notation was intended to assist rather than replace users' own understanding.
Users retain full control over editing and verifying generated content before incorporating it
into their notes. This approach aligns with current recommendations for trustworthy and
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human-centred Al, where Al systems augment rather than substitute human decision-making
(European Commission, 2019).

Overall, ethical principles informed both the research methodology and the technical
implementation of the project, ensuring that INTEGRAL was developed as a secure,
accessible, privacy-preserving, and responsible educational application.

2.6 Evaluation Methodology

The evaluation methodology was designed to determine whether the INTEGRAL prototype
satisfied the functional and non-functional requirements established during the earlier stages
of the project. A mixed-methods approach was adopted, combining quantitative performance
measurements with qualitative usability assessment to provide a comprehensive evaluation
of the system (ISO, 2018; Brooke, 1996; Nielsen, 1994).

Functional evaluation focused on verifying that each implemented feature operated according
to its corresponding acceptance criteria defined within the Software Requirements
Specification. Core functionality, including user authentication, note management, speech-to-
text transcription, Al-assisted LaTeX generation, and file export, was systematically tested
using representative user scenarios. The successful completion of each scenario was
recorded to assess the overall completeness and reliability of the implemented functionality
(Pressman and Maxim, 2020).

The performance of the Al-assisted components was evaluated by measuring response
latency, transcription accuracy, and the quality of generated mathematical notation. Particular
attention was given to the responsiveness of the locally deployed Mistral 7B and Whisper
models, as low processing latency is essential for supporting note-taking during live lectures.
Performance testing also considered the computational resources required for local inference
to determine whether the selected architecture satisfied the project's real-time requirements
(Jiang et al., 2023; Radford et al., 2023).

Usability evaluation was conducted through structured user testing involving representative
users from the target audience. Participants were asked to complete predefined note-taking
tasks while interacting with the prototype, after which they provided feedback regarding ease
of use, interface design, navigation, perceived usefulness, and overall user experience. Where
appropriate, the System Usability Scale (SUS) was employed as a standardised instrument
for assessing perceived usability and facilitating comparison with established usability
benchmarks (Brooke, 1996).

The evaluation also considered non-functional characteristics including accessibility,
reliability, maintainability, privacy, and security. Accessibility was assessed against
recognised principles of inclusive interface design and compatibility with assistive
technologies (ISO, 2019; W3C, 2023). Privacy and security were evaluated by verifying that
all Al processing remained local to the user's device and that user authentication and data
storage mechanisms operated as intended.

Together, these evaluation activities provided evidence that the developed prototype

addressed the project objectives and user requirements while identifying areas for future
improvement.
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2.7 Ethical Considerations

Ethical considerations were integrated throughout the INTEGRAL project, from requirements
elicitation and system design to implementation and evaluation. The project was developed in
accordance with the ethical principles of respect for participants, privacy, transparency,
accessibility, and responsible use of artificial intelligence. These considerations were
particularly important because the application was designed for educational use and involved
collecting user feedback during the requirements analysis and evaluation stages (British
Educational Research Association (BERA), 2024).

Participation in the prospective user questionnaire and system evaluation was voluntary.
Participants were informed about the purpose of the project, the intended use of the collected
information, and their right to withdraw from participation at any stage without consequence.
No personally identifiable information was required beyond that necessary for the analysis,
and all responses were anonymised prior to analysis. Data collection and processing were
conducted in accordance with the UK General Data Protection Regulation (UK GDPR) and
the Data Protection Act 2018, ensuring that personal information was handled securely and
used solely for the purposes of this research (Information Commissioner's Office, 2024).

Privacy was a key design consideration throughout the project. Unlike many Al-assisted
educational applications that rely on cloud-based services, INTEGRAL was designed to
perform both speech recognition and large language model inference locally. By deploying
Whisper and Mistral 7B through Ollama, mathematical notes and spoken input remained on
the user's device, significantly reducing the risks associated with transmitting sensitive
educational data to third-party services. This architectural decision directly supported the
project's non-functional requirements relating to privacy, security, and trustworthiness
(European Commission, 2019).

Accessibility was considered from the earliest stages of development to ensure that the
application could support a diverse range of learners. Requirements gathered from
prospective users informed interface design decisions, while accessibility guidance and
inclusive design principles were considered during implementation. Features such as speech
input, readable mathematical rendering, responsive layouts, and compatibility with assistive
technologies were incorporated to improve usability for users with different learning
preferences and accessibility needs (1ISO, 2019; Anthology, 2026).

The use of generative artificial intelligence also introduces ethical challenges, including the
possibility of inaccurate or misleading outputs. To mitigate these risks, the generated
mathematical notation was intended to assist rather than replace users' own understanding.
Users retain full control over editing and verifying generated content before incorporating it
into their notes. This approach aligns with current recommendations for trustworthy and
human-centred Al, where Al systems augment rather than substitute human decision-making
(European Commission, 2019).

Overall, ethical principles informed both the research methodology and the technical

implementation of the project, ensuring that INTEGRAL was developed as a secure,
accessible, privacy-preserving, and responsible educational application.
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3 Implementation

3.1 Architecture overview

INTEGRAL follows a three-tier client—server architecture. A client—server architecture is a way
of organising a software system in which one part of the system (the client) requests data or
services, while another part (the server) processes those requests and provides the required
resources over a network. In a three-tier architecture, the server-side functionality is further
divided into three distinct layers, each with a specific responsibility. The presentation layer
provides the user interface and handles user interactions, the application logic layer processes
requests and implements the system's business rules, and the data persistence layer stores,
retrieves, and manages the application's data. This separation of responsibilities makes the
system easier to develop, maintain, and extend, as changes to one layer can often be made
without affecting the others.

Frontend request

User submits a request

- ~ p
Protected data request Conversion Request
Requires bearer token No authentication required
o l S \ l
s ™\
Verify JWT and IDOR Check Validate Input
Match token to resource Not empty, under 500 chars
- l v \
Query or Write via ORM Mistral
SOLAlchemy, SQLite Local inference via Qllama
Log Attempt

Wiritten to Conversionlog

\_

Response Returned
JSON sent back to frontend

Figure 3.1 System Functionality Diagram
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3.1.1 Frontend

The client [see figure 3.1] is a React and TypeScript single-page application, built with Vite
and running entirely in the browser with no installation required. It communicates with the
backend exclusively through JSON requests over HTTP, which keeps the frontend a thin client
with no direct access to the database or the Al models. Every operation is mediated by the
backend.

In the current development environment, this communication occurs over HTTP. In production,
encryption in transit is expected to be handled at the university server infrastructure level via
HTTPS, rather than within the application code itself, a deployment-layer responsibility rather
than an application-layer one.

3.1.2 Backend

Frontend
React + Typescript, Vite
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/ Backend (FastAPI) \

API and auth layer Al conversion layer

Auth, users, notes, equations Mistral 7B, Whisper via Qllama
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sQL 1 Local Call

v

Database (SQLite)

4-table schema

Ollama runtime
Hosts Mistral and Whisper

Figure 3.2 System Architecture

The application logic layer is responsible for processing requests, applying the system's rules,
and coordinating communication between the user interface and the data storage layer. Within
INTEGRAL, this layer is implemented using FastAPl and manages tasks such as routing
requests to the appropriate functions, verifying user authentication, and performing data
operations such as creating, retrieving, updating, and deleting records (commonly referred to
as CRUD operations). Database interactions are handled through SQLAIchemy, an Object-
Relational Mapping (ORM) tool that allows application code to work with stored data using
programming objects rather than directly executing SQL queries. This abstraction improves
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maintainability and provides additional protection against security risks such as SQL injection
attacks. The layer also implements a custom authentication system based on JSON Web
Tokens (JWTs), which are used to verify user identity, alongside protection against Insecure
Direct Object Reference (IDOR) vulnerabilities, ensuring that users can only access resources
they are authorised to view.

The Al conversion layer contains the two Al components used by the application: Mistral 7B
for text-to-LaTeX conversion, and Whisper for speech-to-text transcription, both served locally
through Ollama. Mistral 7B's selection is supported by its published performance
characteristics rather than being an arbitrary choice: it has been shown to outperform the
previous best 13-billion-parameter model across all tested benchmarks, and to surpass the
best 34-billion-parameter model specifically in reasoning, mathematics, and code generation
(Jiang et al., 2023). This is directly relevant to INTEGRAL's use case, as LaTeX generation
from a mathematical expression is a structured, code-like output task closely tied to
mathematical content. Whisper's role is supported by its demonstrated robustness as a
speech recognition model. When trained on large-scale, weakly supervised audio data, it
generalises well to standard benchmarks in a zero-shot setting, without requiring task-specific
fine-tuning, and approaches human-level accuracy and robustness (Radford et al., 2022).

Running both models locally via Ollama, rather than through a cloud-hosted API, is also a
defensible architectural decision. Recent work evaluating quantised language models drawn
from the Ollama library, deployed on resource-constrained edge hardware, demonstrates that
this is an actively studied deployment pattern with well-characterised energy and latency
trade-offs, rather than simply a convenience shortcut (Husom et al., 2025). This local-first
approach also aligns with INTEGRAL's zero-install, lab-computer-friendly design goal, as it
avoids dependence on external API availability or per-request cost, and keeps sensitive user
data from being transmitted to a third-party service.

3.1.3 Database

INTEGRAL uses a SQLite database managed through SQLAIchemy, with four tables storing
the core application data.

The ‘users’ table stores one record per registered account, containing a UUID primary key,
the user's display name, email address, bcrypt password hash, appearance preference, and
a creation timestamp. A record is written to this table when a user successfully registers via
‘POST /api/auth/register/’. The password hash is the only sensitive field and is never returned
in any API response.

The ‘notes’ table stores the notes created by each user. Each record contains a UUID primary
key, a foreign key linking it to the owning user, a title, the raw plain text content as typed by
the user, the processed LaTeX output returned by Mistral (stored in ‘noteContentProcessed’),
and created and updated timestamps.

The ’conversion_logs’ table records every call to the ‘/api/convert/’ endpoint, regardless of
whether it succeeded or failed. Each record stores a UUID primary key, the input expression,
a boolean success flag, the latency in milliseconds, and a timestamp. This table supports the
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performance monitoring requirement, providing empirical data against the p95 latency target
of 1.5 seconds.

3.1.4 Component interaction and data flow

A typical request begins at the frontend, which sends a JSON payload over HTTP to a specific
FastAPI route. From there, the path a request takes through the backend depends on what it
is asking for. Requests that touch personal data, such as retrieving a user's notes or updating
account settings, are routed through the API and authentication layer first, where the request
is validated and authenticated before the SQLAIchemy ORM issues a parameterised query
against SQLite and returns the result as JSON. Requests that ask for a mathematical
expression to be converted, by contrast, bypass the database entirely on their way in and are
routed instead to the Al conversion layer, with the outcome of that conversion only touching
the database afterwards, when the attempt is written to the ConversionLog table. This means
the two layers of the backend are used somewhat independently depending on the nature of
the request, even though both ultimately return a JSON response to the same frontend client.

3.1.5 Authentication and protected endpoints

The initial plan for INTEGRAL was to use Microsoft Single Sign-On (SSO), which would have
allowed students and staff to log in using their existing University of Westminster credentials.
This was chosen for its convenience and alignment with university infrastructure. However,
during implementation it became clear that university Microsoft accounts do not have
permission to register applications on the Azure Portal, which is a required step for enabling
Microsoft SSO in any third-party application. Attempts to work around this by registering
through a personal Microsoft account introduced further problems around sharing access and
managing credentials securely across the team.

Given these constraints and the project timeline, the decision was made to build a custom
JWT-based authentication system instead. A new account is created via ‘POST
/api/auth/register/, which requires a university email address ending in ‘@westminster.ac.uk’,
along with a display name and password. The password is hashed with bcrypt before being
stored and is never stored or logged in plain text. Logging in via ‘POST /api/auth/login/ verifies
the submitted credentials and, if successful, issues a JWT token valid for eight hours. This
token must be included as a Bearer token in the Authorization header of any subsequent
request to a protected endpoint.

The main known limitation of the custom system is that JWT tokens remain valid for up to eight
hours after logout, since there is no server-side token revocation. This is documented as
recommended future work, alongside a token refresh system to handle session extension
without requiring users to log in again.

Every protected endpoint requires this token to be included as an Authorization: Bearer
<token> header. On each request to a protected endpoint, the backend decodes the token
using a secret key and extracts the user's ID from it. For endpoints that access personal data
specifically, such as a user's notes or profile, the backend additionally checks that this
extracted user ID matches the ID of the resource being requested. This is the system's
protection against insecure direct object reference (IDOR) attacks, and it prevents one
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authenticated user from accessing another user's notes simply by changing an ID in the
request URL. A request that fails either check, an invalid or missing token, or a mismatch
between the token's user and the requested resource, is rejected with a 401 response before
it reaches the database.

Not all endpoints require this authentication. Registration and login are, by necessity,
unauthenticated, since a token cannot exist before login. The conversion and transcription
endpoints are unauthenticated as well, which follows from their design as stateless utility
endpoints that do not read or write personal data unless a result is subsequently saved as a
note.

This layered separation is significant for two reasons. First, it means the Al conversion layer
is fully decoupled from the APl and authentication layer, which, as the following section
explains, allows both of INTEGRAL's input pipelines to converge on a single, isolated point in
the system regardless of their entry method. Second, it allows the Al layer to degrade
independently of the rest of the system. The fallback behaviour, in which an unavailable
Ollama instance returns a plain text wrapper instead of causing a failure, does not affect
authentication, note management, or export functionality elsewhere in the application.

3.2. Input methods

Building on this architecture, INTEGRAL supports two input modes, text and speech, both of
which are designed to converge on the Al conversion layer described above, rather than being
handled as separate systems. This convergence is a deliberate architectural choice. It means
the system requires only one implementation of the mathematical expression-to-LaTeX
conversion logic, regardless of how the expression enters the system.

For text input, the user types a plain text expression into the frontend editor, which is sent to
the backend via ‘POST /api/convert/. Before the input reaches the model, it passes through
validation in the API and authentication layer to confirm that it is not empty, is under 500
characters, and is not a bare number. These checks prevent wasted calls to the language
model, which improves the responsiveness of the user experience, reduces unnecessary
computational load, and supports the broader sustainability goals of the project. This is
consistent with findings in the wider literature on inference efficiency, where the proper
application of relevant efficiency optimisations has been shown to reduce total energy use by
up to 73% compared with unoptimised baselines (Fernandez et al., 2025).

For speech input, the user's spoken expression is recorded in-browser and sent to ‘POST
/api/transcribe/. As noted in the architecture section above, this request is handled by Whisper
(base model) within the Al conversion layer, which transcribes the audio to plain text. Whisper
relies on ffmpeg for audio processing. Once transcribed, this plain text is passed into the same
validation and conversion pipeline used by text-based input, converging with the text pathway
at the point where the expression is sent to Mistral for LaTeX conversion. It is worth noting
that validation at this stage only prevents a wasted call to the conversion model, not to Whisper
itself, since transcription must occur before the resulting text can be validated. Even so, this
step still protects output quality, as it catches a poor or empty transcription before it reaches
the conversion model, rather than allowing a nonsensical LaTeX output to be generated and
shown to the student.
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Both pipelines call ‘convert_with_mistral()’, which sends the validated expression to the Mistral
7B model within the Al conversion layer. Mistral returns raw LaTeX, which is then cleaned,
markdown backticks and stray dollar signs are removed, and explanatory text is filtered out.
The result is cached in memory so that repeated expressions skip a fresh model call, further
reducing unnecessary inference. Errors are handled gracefully throughout the process. If
Ollama is unavailable, the system returns a plain-text wrapper rather than failing outright,
consistent with the graceful-degradation behaviour of the Al conversion layer described above.

Every conversion attempt is logged to the ConversionLog table, recording the input text, a
success flag, and latency in milliseconds. This data is used to monitor progress against the
project's target of a p95 latency of 1.5 seconds or less for LaTeX conversion. Once conversion
is complete, the final LaTeX is returned to the frontend and rendered in the preview panel.

In this way, both input modes, although different in their entry points, are processed through
the single shared backend pipeline described above, which is consistently validated,
monitored, and cached.

Three input modes were originally planned for INTEGRAL, text, speech, and handwritten
expression recognition. However, the handwritten input mode was not implemented within the
project timeline due to time constraints. The student team intends to continue development
beyond the official project period, with handwriting-to-LaTeX conversion planned as a future
addition.

3.3 LaTeX generation process

The LaTeX generation pipeline constitutes the core functional component of the INTEGRAL
system. Upon submission of a mathematical expression, whether through typed text input or
voice dictation, the input is transmitted to a locally hosted Mistral 7B Instruct model via the
Ollama inference framework. The model performs natural language translation to a LaTeX
conversion, returning syntactically valid LaTeX notation that is subsequently rendered within
the note editor as a formatted mathematical preview.

The model selection of Mistral-7B Instruct as the underlying model was informed by a
systematic comparative analysis of locally deployable large language models (LLMs). Figure
2.2.1 benchmark evaluations across multiple dimensions including MMLU, logical reasoning,
knowledge, and comprehension demonstrate that Mistral achieves performance equivalent to
models 2-5 times its parameter count as illustrated in Figure 5.1.1. This efficiency
characteristic renders the model particularly well suited for deployment on the institutional
hardware without necessitating dedicated GPU infrastructure or cloud-based API
dependencies. Significance to the deployment context is the data privacy consideration, which
was mentioned in section 2.1, ensuring the transmitted data never reaches external third-party
services such as cloud-based alternatives OpenAl API.

To produce accurate and syntactically consistent LaTeX outputs, it's important to construct a
necessitated prompt engineering methodology [Brown et al., 2020]. Initial experimentation
with zero shot prompting approach, where the model only receives the raw mathematical
expression with no contextual instruction or output format guidance. In zero-shot prompting,
no examples of the desired input/output behaviour are provided, thus the model must infer the
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expected response format from the instruction alone. In return, this approach yielded
inconsistent results: the model frequently generated superfluous explanatory proses,
introduced model dollar sign delimiters ($...$), and produced markdown code block constructs
("latex ") alongside the LaTeX output, which requires extensive post-processing to extract
usable notation. To address these shortcomings, a few-shot prompting strategy [Brown et al.,
2020] was subsequently adopted, where the system prompt was augmented with curated
input/output exemplars demonstrating this precise format required. This approach leverages
the model's context learning capability, enabking it to infer the expected output style from
provided examples rather than relying explicit rules alone.

To assess the quality and consistency of the LaTeX generation, a formal evaluation was
conducted utilising three complementary quantitative metrics applied against a standardised
test set of 15 mathematical expressions derived primarily from ‘Mathematics for Computing’
module slides of University of Westminster. The test set was designed to provide
representative coverage across mathematical domains, encompassing basic algebra,
differential and integral calculus, number theory, and linear algebra.

Input: 30 factored into prime numbers
LaTeX: 30 = 272 \cdot 3 \cdot 5
Latency: 10720ms

Input: 420 factored into prime sized blocks
LaTeX: 420 = 273 \cdot 5 \cdot 7 \cdot 13
Latency: 2714ms

Input: 945 factored into prime numbered chunks
LaTeX: 945 = 372 \cdot 5 \cdot 7 \cdot 13
Latency: 2446ms

Input: fundamental theorem of arithmetic
LaTeX: n = \prod_{i=1}~{k} p_i~{a_i}
Latency: 29ms

Input: prime factorisation of n
LaTeX: n = p_1~{a_1} \cdot p_2~{a_2} \cdots p_k~{a_k}
Latency: 2ms

Input: if p divides ab then p divides a or p divides b
LaTeX: p \mid ab = p \mid a \text{ or } p \mid b
Latency: 2098ms

Input: every integer n greater than 1 can be written as product of primes
LaTeX: n = \prod_{i=1}~{k} p_i~{a_i}
Latency: 18ms

Average latency: 2575ms

Figure 3.3 Mistral-7B Latency Results

The table [see figure 3.3] shows terminal output demonstrating the LaTeX generation pipeline
evaluated against seven expressions derived from the University of Westminster Mathematics
for computing Module 4 content on the Fundamental Theorem of Arithmetic.

3.4 UI/UX

The user interface was developed as a single-page application using React 19 and
TypeScript, with Vite as the build environment and Tailwind CSS for styling.
Mathematical rendering was implemented through a react-markdown pipeline
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augmented with remark-math and rehype-katex, allowing raw learner input to be
typeset in real time using the KaTeX engine. This technical foundation was selected
to satisfy a central design requirement: that the interface should present formal
mathematical notation with typographic fidelity while remaining responsive enough for
use during live lectures and seminars. Consistent with the project's non-functional
requirements, interface responsiveness was treated not as a cosmetic concern but as
a factor shaping how effectively students adapt digital tools to authentic lecture
environments (Arden et al., 2024).

The interface adopts a two-panel layout in which learners enter freeform text into an
editor on one side and view the rendered mathematical output on the other, as
illustrated in Figure 3.1. This spatial separation was intended to preserve a clear
correspondence between informal input and formal representation, reflecting the
distinction (emphasised throughout this work) between mathematical representation
and mathematical reasoning. Rather than obscuring the transformation from natural
language to LaTeX, the design deliberately exposes it, positioning the system as a
representational mediation layer that supports, rather than replaces, the learner's own
construction of meaning (Martin et al., 2025). Supporting components, including a
collapsible and searchable note sidebar, an export menu, and a reusable library of
common equations, were introduced incrementally to reduce navigational and
organisational overhead without crowding the primary editing surface (Choi and Seo,
2024).

Figure 3.4: The two-panel editor interface in light mode, showing the input area (left) and rendered
output panel (right), with the Equations, Export, Record, and Convert action bar at the bottom.

A central pedagogical decision concerned the mechanism by which conversion is
triggered. An early prototype performed conversion automatically on a short
debounce, re-rendering the output continuously as the learner typed. In practice this
approach produced visual flickering, imposed unpredictable latency, and generated
frequent model invocations that were both computationally wasteful and cognitively
distracting. The design was therefore pivoted so that conversion is initiated explicitly
by the learner through a dedicated Convert button, shown prominently in Figure 3.2.
Beyond its technical benefits in stabilising rendering and reducing redundant
inference, this change carries pedagogical significance: it returns control of the
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transformation to the learner, preserving a deliberate moment of authorship rather than
allowing the system to pre-empt the student's engagement with notation. This aligns
the interface with the concern that Al assistance should reduce extraneous load
without encouraging the cognitive offloading and dependency associated with
diminished higher-order thinking (Martin et al., 2025; Zhang and Jiang, 2026).

Figure 3.5: The editor interface in dark mode. The prominent Convert button (bottom right) reflects the
deliberate decision to make conversion an explicit learner-initiated action rather than an automatic
process.

The range of supported input methods was expanded iteratively in response to
accessibility considerations. Text entry was complemented by a voice-input facility,
implemented through a browser-based audio recording hook connected to a locally
deployed speech-to-text service, enabling learners to dictate mathematical content
that is then transcribed into the editor. This broadened the modes through which
mathematical ideas can be expressed, consistent with universal design principles that
seek to reduce unnecessary technical barriers for all learners rather than
accommodating a single input paradigm (CAST, 2024; Choi and Seo, 2024).
Transcribing mathematical language into structured notation remains a demanding
and only recently addressed problem, and the design therefore treated voice input as
an assistive complement to, rather than a replacement for, direct text entry (Korzh et
al., 2025). Interface states such as recording and transcription were made visually
explicit through iconography and animation, ensuring that the system's status always
remained legible to the user.

Accessibility and personalisation were further addressed through a configurable theme
system. The selected theme is applied immediately in the interface and persisted both
locally and to the backend on a per-user basis, so that the preference follows the
learner across devices and sessions. This decision reflects the broader interpretation
of accessibility adopted in this project, in which equitable access to comfortable and
legible working environments is treated as integral to usability rather than as an
optional enhancement (Choi and Seo, 2024). The reusable equations library serves a
complementary function, allowing learners to insert commonly used expressions
without recalling the corresponding LaTeX syntax, thereby directly mitigating the
representational friction identified as a key barrier to digital mathematical notetaking
(Gkritzali et al., 2024). Such friction is compounded by the fact that mathematical
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notation remains difficult for assistive technologies to interpret reliably, underscoring
the importance of structured, machine-readable output rather than notation encoded
purely as images (Kortemeyer, 2023).

Note management was designed to minimise administrative burden and support fluent
capture during learning. As shown in Figure 3.3, the collapsible Notes sidebar lists
saved notes alongside a search facility, allowing learners to navigate their material
without leaving the editing surface. Note titles are derived automatically from the first
line of content as the learner types, while an explicit rename action allows this
behaviour to be overridden when a custom title is to be preserved. Content persisted
to the backend through a debounced auto-save mechanism, and client-side data
fetching and cache invalidation were handled through a query library to keep the
interface consistent with server state without requiring manual refreshing. Collectively,
these behaviours were intended to make the act of notetaking feel continuous and low-
friction, in keeping with evidence that students value digital note-taking environments
that integrate smoothly into the practical realities of lecture settings (Arden et al.,
2024).

Figure 3.6 The collapsible Notes sidebar in light mode, displaying a saved note ("Integration — Lecture
4") alongside the search facility and the New Note control at the bottom.

Finally, the authentication and entry experience underwent a significant pivot over the
course of development. An initial placeholder login was first replaced by a fully
implemented authentication flow, incorporating reusable form components, client-side
validation constraining registration to institutional email addresses, and protected
routing to restrict access to authenticated users. This was subsequently extended
towards institutional single sign-on through Microsoft authentication, aligning the entry
experience with the university's existing identity infrastructure. The resulting Account
settings page, illustrated in Figure 3.4, exposes profile management, the light/dark
mode preference toggle, and a bulk data export facility, consolidating user-facing
configuration in a single location. This progression reflects the project's wider
commitment to responsible deployment and data governance: by integrating with
institutional identity provision, the interface reduces the friction of separate credential
management for students while reinforcing the system's alignment with established
data protection expectations (Choi and Seo, 2024).
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Figure 3.7 The Account settings page, showing the user profile panel, the light/dark mode toggle, and
the option to export all notes, reflecting the per-user personalisation and data portability features
described in this section.
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4 Testing

Testing and evaluation were conducted throughout the development of the INTEGRAL system
to verify that the implemented solution satisfied the functional and non-functional requirements
defined during the requirements analysis. A comprehensive testing strategy was adopted to
assess the correctness, reliability, performance, usability, and accessibility of the application,
while also evaluating the effectiveness of the integrated artificial intelligence components. The
objective of the testing process was not only to identify software defects but also to determine
whether the system met its intended educational purpose of supporting efficient and
accessible mathematical note-taking.

A combination of testing methods was employed to provide a comprehensive assessment of
the prototype. Functional testing verified the correct operation of individual features and overall
system behaviour against the defined acceptance criteria. Performance testing measured the
responsiveness and efficiency of the application, with particular emphasis on the latency of
the locally deployed Al models. User Acceptance Testing (UAT) evaluated the application from
the perspective of prospective users, ensuring that the implemented functionality aligned with
user expectations and project objectives. In addition, specialised evaluation was undertaken
for the artificial intelligence components, including speech recognition and LaTeX generation,
using established quantitative metrics to assess transcription accuracy and the quality of
generated mathematical notation.

The testing process was performed iteratively throughout development, allowing issues to be
identified and resolved before subsequent development stages. This continuous approach
supported incremental refinement of the prototype and reduced the risk of defects propagating
into later versions of the system. The findings presented in this chapter demonstrate the extent
to which the completed prototype fulfils the project's technical, educational, and usability
requirements while highlighting areas for future improvement.

The remainder of this chapter presents the testing methodology, the individual testing activities
undertaken, and the evaluation results for each major component of the INTEGRAL system.

Test ID Test Type Feature / Area  Requirement ID Priority Owner Status Linked Sheet Notes
FT-001 Functional Login FR-LOGIN-001 Must - Matt In Progress ~ Functional Valid and invalid
Testing login should be
covered.
VT-001 Validation/Input  Registration FR-REG-001 Must - Matt Completed = Validation Input  Check empty and
Form Testing invalid fields.
ST-001 Security Protected Pages NFR-SEC-001 Must ~ Matt In Progress ~ Security Testing  Unauthenticated

users must be
denied access.

UI-001 0]} Navigation NFR-UI-001 Should - Not Started ~ Ul Testing Check menu,
buttons and
feedback
messages.

CT-001 Compatibility Responsive NFR-COMP-001  Should - Not Started ~ Compatibility Check desktop,

Layout Testing tablet and
mobile views.

PT-001 Performance Login Speed NFR-PERF-001 Should - Matt In Progress = Performance Record observed

Testing response time.

IT-001 Integration Frontend and FR-API-001 Must - Not Started - Integration Check API

Backend Testing response and Ul
update.

UAT-001 UAT End-to-End User UAT-001 Must - Matt In Progress ~ User Acceptance Stakeholder/stud

Scenario Testing ent acceptance

scenario.

Figure 4.1 Master Test Register Table
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Testing was organised into a Master Test Register [see Figure 4.1] spanning five categories:
functional, validation input, security, performance, and user acceptance.

4.1 Functional Testing (FT)

TestiD__ Requirement 10 Feature / Azex Scenario / Test Description Procanditions Test Test Data / Input Actual Date
FT001 FRAOGH-001  Login User logs in with valid credentials  Registered user 1. Open login page: Valic University  User i3 logges in and redirected tn User & boggin in s redrecteitn. Pass - Mat 141072026
exists 2. Enter vald emal/password testaccount  dashhoard dashbaard
3, click Login
Fr-o0z FRREGO01  Registration  Mew user registiafion form creates  Userdoesnat 1, Open Name, email,  Account s created or corfirmation fs  Account i created and confirmation 15 Pass - Mat 180772026
‘account alroady st passwred displayet disalayed
Fro03 FRMOTESO01  CRUD User creates, ecits and delates 3 nate  User logged in sample Create, update and deloto actions  Create, update, and delote actions Pass - Mam 14/07/2026
tentlo-LaTeX  work cormectty work carrestly
nate
FT004 FR-SEARCH-ODL  Sesrch User searches savd notes Saved notes exist 1. Enter Kepword from Relevant notes are dispiaped Relevant Notes ae Gisplayed Pass - Mait 16/07/2026
S exinting note
FT00s FRFORM-001  Forme User subsmits mathematical input forn User logged in LaTeX autput is -< L and Pass - Mait 140772026
plus 1 displayed disglayed
FT-004 FR-PROPLED01  Prafie User updates profile details User logged in Disoliay name /| Profile chaniges are saved correctly  Profile changes are saved comectly  Pass - Malt 1410772026
prederences
Fr007 FR-B00K 001 Sample. Boaking/order canfirmation i shawn A

o -
prototype ensbled

booking/order  and storedt
data

(Figure 4.2 Functional Testing)
In functional testing (FT), core user flows were tested such as registration, login, full note
CRUD (Create, Read, Update, Delete), and end-to-end LaTeX conversion, all passing [see
Figure 4.2].

FT-005 was particularly important as this is the core function of the application. This tested
the application’s ability to take user input and use the correct data flow, outlined in the
implementation section, to convert the input into correctly formatted LaTeX. This test was
performed from the user’s point of view, which means we simply typed a number of random
plain text mathematical expressions, e.g. “x squared plus 2x plus 17, pressed the ‘convert’
button, and verified that correctly formatted and correctly rendered LaTeX had been produced
by the application. This also confirmed that the output is correctly wrapped for LaTeX
rendering. As well as confirming that the Mistral 7B model chosen for this task performs the
task it was selected for.

x squared plus 2x plus 1

z? 4+ 2z +1

qutons & Bpore @ o

Figure 4.3 Text-to-LaTeX rendering
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4.2 Validation Input Testing (VT)

Validation & Input Testing
S5t how the system handles vaiid and invalid input. including empty e ail, passw mits, and incorrect formats
=~ Input Field / z 2 =
Test 1D Requirement 10 e Expected Validation Result Actual Result Pass/Fail  Severity if Faled Testar Date
001 FRREG00L  Emall Error message displayed: form not submitted Error message displayed and form not submitted Pass - - Matt 14/07/2026
002 FR-REG-001 Required Fieids ired field errors displayed required eid errors displayed Pass - - Matt 14/07/2026

003 FR-REG-002 Password Password too short Password rul Pass - - Man 14/07/2026
004 FR-NOTES-001  Note Title Character fimit exceeded Note titles o are truncated silently Pass - - Matt 14/07/2026
7005 FR-MATHOO1  Math Input Pass - * Matt 16/07/2026
T-006 FR-MATH002  Math Input Pass v * Mantas 15/07/2026

FR-MATH-003  Math Input
15/07/2026

T008 FR-MATH-004  Math Input Pas: 15/07/2026
FR-MATHO0S  Math Input

T009 Valid simple expression plus 1 Retums x"2+ 2x+ 1 Pass > * Mantas 15/07/2026
FR-MATH006  Math Input

010 Pass x Mantas 15/07/2026
FR-MATH-007

Fo11 Math Input Pass ' * Mantas 15/07/2026

To12 FR-MATHO0B  Math Input expres ratic | Pass . Mantas 15/07/2026

Figure 4.4 Validation Input Testing Table

In validation input testing (VT), we mainly tested user input validation in fields such as
registration. Where a user cannot create an account without using a ‘@westminster.ac.uk’
email address and enforcing an 8+ character password policy. As well as enforcing a character
limit on note titles, which will silently truncate any note title over 255 characters [see Figure
4.4].

VT-005 caused us a problem [see Figure 4.5]. This test consisted of submitting a deliberately
malformed input (‘% %%invalid expression’) to check whether the system rejects nonsensical
mathematical input before conversion. The system failed this test as it did not return a clean
error message or reject the input. We found that the backend’s existing validation only checks
three things: the input is not empty, the input is under 500 characters, and the input is not a
bare number. None of these catch structural or semantic invalidity. The malformed string
passed all three checks and was forwarded to Mistral, which returned a non-useful LaTeX
attempt rather than a clear rejection.

v B NTEGRAL X  + - ) X
& G | @ localhost:5173/dashboard VLRI o 0 chat ~
nen
] Account &
INTEGRAL
* +2x+ 1\ \sum_{i=1}*fn}i\\ n = p_1{a_1} \cdot p_2*{a_2} \cdots p_k*{a_k} \\ p \mid ab \\ n = \prod_{i=1}*{k}
poitfa_i} \\ [x] \\ Mfracf2}{3} \\ \frac{d}{dx} x* \\ \int x* \, dx \end{align*}$$

Y6%invalid expression

s 1 e ]| e

Figure 4.5 Failed Test Run VT-005
A fix was implemented to disallow input strings containing invalid operators such as ‘%%%’ in
the test case [see Figure 4.6]:
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o

haracters — reject input containing non-math s
1

invalid_chars 6, "H##', '@@',

RER

if any(char in expression for char in invalid_chars):

raise ValueError("Invalid expression — unsupported characters detected")
Figure 4.6 VT-005 Code Snippet Fix

This fix works against the test case input and now gives the user a clear error message rather
than returning non-useful output, wasting model calls and the user’s time [see Figure 4.7].

HED
Account €&

INTEGRAL

Y%%invalid expression Server is down Error: Failed to convert the text

qunions | & Export | @ Reond

Figure 4.7 Fixed VT-005 Test Case

Distinguishing malformed input from valid-but-informally-phrased mathematical language is a
huge natural language processing problem (Jurafsky and Martin, 2025). This is a relatively
naive symbol-based filter, which risks false-rejecting legitimate input in a few certain use
cases.

The future solution would likely involve a lightweight pre-parser to catch structurally invalid
input before it reaches Mistral, or tailoring Mistral’'s own response to detect and flag low-
confidence outputs after the fact. This is open for discussion by the team in the future.
Although this is not a catastrophic failure, this remains very important to the team as it is a
small, missed efficiency opportunity. Since malformed requests still consume a full model call
for output that was never going to be useful.
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4.3 Security Testing (ST)

Security Testing

Tests authentication, pr SOL injection, XSS, passwerd handling, and session managerment.

Test ID RequirementID  Securlty Area  Test Description fl'nt Expected Result Actual Result Pass/Fall Risk Level Tester Date Comments / Evidence
ST001 NFR-SEC001  Authentication  Access profected DirectURLto  Access denied; redirected to login  Access denied and redirected to login  Pass ~ Low ~ Matt 14/07/2026 Redirected tologin page
pagewithout  dashboard ‘when trying to acces /dashboard
login
ST002 NFR-SEC-002 Authorisation User attempts to  Change note |0 Access denied; no data leakage ‘Access denied; no data leakage Pass = Low = Matt 14/07/2026 Access denied
ess another  In URL/APY
user's note request
sT003 NFR-SEC003  SQUinjection  AmemprsQL  'OR'T'1 Input rejected/sanitised; no Input rejected/sanitised; no Pass - Low - Mat 14/07/2026 SQL string s stored as plaintext in
injection in unautharised access unauthorised access notes and exports, not executed
login/search field
ST-004 NFR-SEC-004 XSS Attempt script <script>alert('x’}< Script is escaped/sanitised and not Script is escaped/sanitised and not Pass. * Low = Matt 14/07/2026 Script is stored and exported as plain
injection in fscript= executed executed text in notes and exports, not executed
note/form
ST005 NFR-SEC005  Session Handling Session expires  Logout then 2 protected page valid for up to & hours  Fail - Medium - Matt 14/07/2026 A captured token was successfully
orlogoutisused pressback/  notshown after logout. Logout dears the token reused against a protected endpoint
revisit protected client:side only after logout, returning 200, T expiry
reduced from 24 hours to 8 hours as a
partial mitigation. Full server-side
token revocation documented as
future work.
ST006 NFR-SEC006  Password Checkpassword  Inspect DB/logs  Passwords are not stored or logsed in  Passwords are not stored or logged in | Pass - Low - Matt 14/07/2026 brypt hashes are used for storing
Handling rage where allowed  plain text plaintext passwords in the database
behaviour

Figure 4.8 Security Testing Table

In security testing (ST), we mainly tested authentication, authorisation, protected pages, SQL
injection, XSS, password handling, and session management. Most of these tests passed
cleanly, protected endpoints correctly return 401 without a valid token, users cannot access
other users' notes, SQL injection attempts are blocked by the SQLAlchemy ORM, and
passwords are confirmed to be hashed with bcrypt in the database [see Figure 4.8]. Two tests
are worth discussing in detail, as both revealed real issues that had to be addressed.

This page says

<script>alert('xss')</script>

Raw Input o}

Raw Input

Processed LaTeX
scriptralert(‘xss’ )</scripts

Processed LaTeX

<scriptralert(‘xss’ )¢/script>

Figure 4.9 XXS ST-004 Test Case

ST-004 tested for XSS by submitting a script tag (‘<script>alert(‘xss’)</script>’) into a note's
title and content fields. The system failed this test on the first attempt. While the script tag was
stored and displayed safely as plain text within the application itself, we found that it did not
escape when included in a note's HTML export, meaning the script would execute if the
exported file was opened in a browser [see Figure 4.9]. This was a genuine vulnerability rather
than a theoretical one, since HTML export is a real, user-facing feature of the application. We
fixed this by applying html.escape() to user-submitted content before it is inserted into the
HTML export template, ensuring any HTML or script content is rendered as literal text rather
than executable markup. We retested afterwards using the same payload and confirmed the
script tag now appears safely as visible text in the exported file rather than executing. We also
confirmed that this vulnerability was specific to the HTML export format, since LaTeX, DOCX,
and PDF exports do not execute HTML and were never at risk.
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Home Workspaces v Explore arch Post ) Sign In
History New  Import . http://locainost:8000/

?  http://localhost:8000/api/notes/

POS http:/localhost:8000/api/notes/ Send v ®
http://localhost:8000/api/notes/

http://localhost:8000/api/notes/ A zat aders (9 Body e e-request 1 Test Cookies
http://localhost:8000/api/auth/login/
none form-data x-www-form-urlencoded  # raw binary JSON Beautify

http:/fiocaihost:8000/api/notes/

http://localhost:8000/api/auth/login/ 1

http://localhost:8000/api/auth/login/

Body K ead Test Resuit ) 403 Forbidden 359n 1 Save Response

Pretty v view y 2 JSON ; W Q

Create collections in Postman

Create a Collection

Figure 4.10 ST-005 Test Case

ST-005 tested session handling by logging out via the Ul and then reusing the same JWT
token, captured beforehand, directly against a protected endpoint. The system failed this test,
as the token remained valid and successfully created a note despite the user having already
logged out. We found that this is a result of the JWT authentication system being stateless by
design, logging out only clears the token on the client side, and there is no server-side
mechanism to revoke a token before it naturally expires. Unlike ST-004, this is not something
that can be fully resolved with a small code change, since it is a structural property of the
authentication approach chosen for the project. Given time constraints, we implemented a
partial mitigation rather than a full fix: reducing the token's expiry window from 24 hours to 8
hours, chosen specifically to match the length of a typical student's day on campus. This does
not stop a token from being reused after logout, but it meaningfully shrinks the window in which
this is possible. We consider this a Medium risk rather than a High risk, since exploiting it
requires possession of an already-obtained token rather than allowing broader unauthorised
access, though the risk is not negligible given that INTEGRAL is intended for use on shared
university lab computers, where a still-valid token on an unattended session is a realistic
concern. A full resolution would require a token refresh and revocation system, which we have
documented as future work, and which would allow shorter-lived tokens without forcing
students to log in repeatedly throughout the day.

4.4 Performance Testing (PT)

Performance Testing
Tests page loading, database responise, search speed, login speed, and behaviour with multiple users.
Performance Target / Test Number of Users.

Test ID Requirement ID = Scenarlo ™ Measured Result Pass/Fall Enviry iam Tester Date
PT-001 NFR-PERF-001  PageLoading  Dashboard page load time <=3seconds  Average 475ms Pass ~ Local/dey server 5 runs Matt 14/07/2026
PT-002 NFR-PERF-002 Database Retrieve saved notes. <= 2 seconds Average 5ms Pass. = Local/dev Sruns Matt 14/07/2026

Response database
PT-003 NFR-PERF-003 Search Speed Search notes by keyword <= 2 seconds. Instantaneous search result in the U1 Pass. - Local/dev server 5 runs Matt 14/07/2026
PTo0s NFR-PERF-004  Login Speed Login respanse time <= 2seconds  Average 40Zms Pass - Local/dev server 5 runs Watt 14/07/2024
PT005 NFR-PERF-005  Multiple Users  Simulated concurrent use Mo failure under 11 requests completed, O failures, 0% emor rate avg: 26.85, min: 17.975, max:  Pass - Testenvironment eg,5-10users  Mantas and

agreed testload  36.87s, p95: 35.595 Matthew 16/07/2026

PT-004 NFR-PERF-004 LaTeX Conversion Single expression cold start £ 30 seconds 18482ms (18.4 seconds) cold start Pass. * Local/dev server 3runs Mantas 15/07/2026
PT-007 MFR-PERF-007  LaleX Conversion Cached expression response time = 30ms Average 2ms across 3 runs (Run 1: 2ms, Run 2: 2ms, Run 3: 2ms) Pass * Localidey server 3 runs Mantas 18/07/2026
PT-008 NFR-PERF-008 Whisper Average 2173ms across 3 runs (Run 1: 34682ms, Run 2: 1616ms, Run 3 1222ms) Local/dev server 3 runs

transaction Audio file processing time 5 10 seconds Pass - Mantas 15/07/2026,

Figure 4.11 Performance Testing Table
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In performance testing (PT), we tested page loading, database response, search speed, login
speed, LaTeX conversion timing, and behaviour under multiple concurrent users. All eight
tests in this category passed [see Figure 4.11]. Page loading averaged 475ms against a 3
second target, database retrieval of saved notes averaged 95ms against a 2 second target,
search returned results instantaneously in the Ul against a 2 second target, and login response
time averaged 402ms against a 2 second target. We also tested LaTeX conversion timing
specifically: a cold-start conversion (the first request after the model has not recently been
used) took 18.4 seconds against a 30 second target, while a cached expression returned in
an average of 2ms across three runs, several orders of magnitude faster, confirming the in-
memory caching layer discussed in our Input Methods section is working as intended. Whisper
transcription of an audio file averaged 2173ms against a 10 second target.

PT-005 is worth discussing in more detail, as it is the test that most clearly reveals the practical
trade-offs of our chosen architecture. This test simulated multiple concurrent users using the
load testing tool k6, sending simultaneous requests to the conversion endpoint over a
sustained window, with a target of no failure under the agreed test load. The system passed
this test cleanly: 11 requests completed with O failures and a 0% error rate, and the system
remained fully stable throughout, with response times averaging 26.8 seconds (min 17.97s,
max 36.87s, p95 35.59s). While these response times are far higher than what a single,
uncontended request would take, no requests failed or crashed under concurrent load,
meeting PT-005's actual stated criterion. We found that this latency is a direct consequence
of local hardware constraints rather than a defect in the application: the test machine had only
8GB of RAM shared between the operating system, the 4.4GB Mistral 7B model, and 8
concurrent virtual users all competing for the same limited memory, forcing requests to queue
and swap far more heavily than they would on properly provisioned hardware.

Rather than treating this as a defect requiring urgent architectural change, we consider the
severity here proportionate to the current prototype stage: no requests failed, and the system
degraded gracefully under load rather than crashing. We expect these results to improve
significantly on dedicated server infrastructure with adequate memory headroom, and this is
documented as recommended future work ahead of any production deployment. It is also
worth noting that our decision to run inference locally via Ollama, rather than through a third-
party cloud Al API, was made deliberately with GDPR compliance in mind, since routing
student data through an external, potentially non-UK/EU-based provider raises data protection
concerns that local deployment avoids entirely. We consider this latency trade-off an
acceptable and justified cost of that decision at the current stage, rather than a reason to
reconsider the underlying architecture.

4.5 User Acceptance Testing (UAT)

Figure 4.12 User Acceptance Testing Table

User Acceptance Testing

Checks whether the website meets user and stakeholder requirements through realistic scenarios

User /
UATID s Requirement /
""“"". Need Scenarlo
UAT-001 Student tester  Create readable  Student uses the Conwertatyped User completes task without help;  User typed "4 over 8 plus 2/ and the Pass - Matt 15/07/2026
mathematical  spptoconverta mathematical  outputis readable app produced properly formatted
notes simple ion to LaTeX, rendered in the preview panel
expression
UAT-002 Studenttester  Use speechinput Student recort
if enabled spoken equath

T""UG!"""'“ Acceptance Criterla Observation Notes UserFeedback  Pass/Fall Improvement Recommencdation Facllitator Date

X Qutput is understandable and emors  User spoke fus two”, Pass - Matt 15/07/2026
@ manageable the app pr srmatte
LaTeX. rendered in the preview panel

UAT-003 Academic/staksh Assess teaching  Academic output  Academic confirms whether output
older usefulness reviews forclarity and  supports teachingfeedback needs

generated notes  feedback

usefulness
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User acceptance testing (UAT) was conducted to evaluate whether INTEGRAL met user and
stakeholder needs through realistic usage scenarios, rather than isolated technical tests [see
Figure 4.12]. Two core workflows were evaluated. UAT-001 required a student tester to
convert a typed mathematical expression into LaTeX and save the result, with success criteria
based on completing the task without assistance and producing readable output. This test
passed: the tester entered “4 over 8 plus 2, and the system generated correctly formatted
LaTeX that was rendered successfully in the preview panel. UAT-002 evaluated spoken input
conversion, requiring a student tester to generate LaTeX from a spoken mathematical
expression. This also passed, with the spoken input “four over eight plus two” being converted
into correctly formatted and rendered mathematical notation.

Beyond these pass/fail criteria, UAT provided broader feedback on usability, interface design,
and potential improvements. One significant issue identified was the handling of multiple
expressions within a single note. The tester found that entering separate expressions
separated by blank lines caused them to be combined into a single conversion rather than
being treated as independent inputs. This occurs because the current conversion pipeline
sends the entire note as one block of text to Mistral, without first identifying boundaries
between separate expressions or sections of content. As a result, unrelated text or multiple
mathematical expressions may be interpreted as one combined instruction, producing an
incorrect or incoherent output. Since this limitation was identified independently by a user
during testing, it represents a genuine usability issue rather than an isolated technical edge
case. A more robust solution would require input segmentation before conversion, allowing
separate blocks of content to be processed independently, and this has been documented as
future work.

The remaining feedback primarily concerned interface usability and refinement. Several
frontend issues were identified, including buttons being partially inaccessible due to insufficient
responsiveness, the inability to exit the Account screen once opened, and unclear note editing
behaviour where selecting a note title does not allow renaming without using a separate edit
function. The tester also suggested improvements to placeholder behaviour, including
replacing the “#Title” placeholder with clearer wording and automatically clearing or
highlighting placeholder text when editing begins. Additionally, the export buttons were
identified as incomplete functionality requiring further development.

The tester also suggested larger interface improvements, including a note management hub
similar to the approach used by Google Docs, where users can view, create, and access notes
after logging in rather than being taken directly into an editing interface. The current behaviour
was considered unclear, as the initial input area does not create a saved note until further
actions are taken. More generally, the tester commented that the interface currently feels
visually unfinished, describing it as “like looking at a prototype instead of a finished product”.
These observations are consistent with the current development stage and provide useful
direction for future refinement.

Separately, testing an edge case involving tetration highlighted a limitation in the current
mathematical output representation, which does not scale effectively to very large numbers
and requires further investigation [see Figure 4.13]. Despite these limitations, feedback on the
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core functionality was positive, with the tester describing the system as “usable” and stating,
“I like this, it’s solid.”

nEs
] Account &

INTEGRAL

Matt's note

4 getrated by 2

Figure 4.13 Titration Testing Cases
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5 Evaluation

The accuracy of the LaTeX generation pipeline was accessed using three complementary
quantitative metrics applied against a standardised test set of 15 mathematical expressions,
providing representative coverage across basic algebra, differential and integral calculus,
number theory, and linear algebra. A subset of expressions drawn directly from the University
of Westminster Mathematics for Computing module 4 slides to evaluate performance against
authentic academic content. Additional expressions were included to assess the model’s
general mathematical reasoning capability.

INTEGRAL — Mistral 7B LaTeX Conversion Evaluation

BLEU Score per Expression Token F1 Score per Expression
T T

-=- Avg: 0.370 --- Avg: 0.695

the quadratic formul...
eigenvalue equation ...
30 factored into pri...
if p divides ab

the quadratic formul..
eigenvalue equation ..,
30 factored into pri..
if p divides ab
fundamental theorem ...
prime factorisation ...
limit of x as x appr...
sum of i from 1to n
derivative of x cube...

fundamental theorem ...

prime factorisation ...

limit of x as x appr...

sum of i from 1 te n

derivative of x cube...
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absolute value of x

2 divided by 3
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square root of 16

the integral of x sq...
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Figure 5.1 Mistral 7B LaTeX Conversion Evaluations

Following metrics were employed:

e BLEU Score (average: 0.370) - a metric originating from the machine translation
evaluation that quantifies n-gram overlap between predicted output and reference
string, providing a measure of surface-level similarity.

e Token F1 (average:0.695) - a token-level metric computing the harmonic mean of the
precision and recall, affording partial credit to outputs that capture the correct LaTeX
tokens irrespective of exact ordering or whitespace.

e Exact Match (40.0%, 6/15 expressions) - the most stringent metric employed, which
requires character-perfect correspondence between the predicted and reference
LaTeX strings.

As illustrated in Figure 5.1, performance exhibits notable variations across expression
categories. Domain-specific conceptual expressions, including ‘prime factorisation of n’ and
‘fundamental theorem of arithmetic’, achieved high F1 Token scores following the
incorporation of domain-relevant few shot examples into the system prompt. Elementary
symbolic expressions such as ‘x squared plus 2x plus 1’ consistently produced exact matches.
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Conversely, lower scores observed for expressions such as ‘eigenvalue equation’ are
attributable to the inherent ambiguity in natural language descriptions of mathematical
concepts, where multiple semantically equivalent LaTeX representations exist, thus a known
limitation of reference-based evaluation metrics in this domain. In addition, few input
expressions which don’t correlate to the ‘Mathematics for Computing’ Module 4 slides of
University of Westminster, were purely tested for processing power and logical reasoning, in
response to Mistral 7B outputs.

With respect to system latency, the observed average response time of 2.718ms marginally
exceeds the NFR-001 performance target of 2,000ms. This deviation is primarily attributable
to the computational constraints imposed by executing a 4.4GB parameter model on
development machines possessing a RAM of 8GB, leaving limited memory headroom for
concurrent processes. It is anticipated that deployment on a dedicated server infrastructure
with greater capacity would yield response times comfortably within the specified threshold.
Moreover, the latency overhead associated with local model inference is considered an
acceptable trade-off given the GDPR compliance requirements of the university deployment
context, which preclude the use of lower-latency cloud-based alternatives.

In addition, the system incorporates graceful error handling throughout the conversion
pipeline. In the event of model timeout or service unavailability, the system rises typed
exceptions such as ConnectionError, TimeoutError, and RuntimeError, which enables the API
layer to return structured HTTP error responses of the frontend rather than failing silently. An
in-memory cache mechanism further contributes to reliability, returning previously computed
results in under 30ms for repeated expressions, thus reducing load on the inference service
during high-frequency usage.

LaTeX conversion X X X

LaTeX deployment X 0 0

GDPR compliant X 0 0

Voice input X 0 0

Cost Free Subscription Per token
Accuracy Moderate High High

Figure 5.2 Comparison Table with Existing Tools
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INTEGRAL’s primary differentiator is its fully local, privacy-preserving architecture. Existing
tools such as Mathpix and ChatGPT offer higher LaTeX conversion accuracy but transmit user
data to external servers, rendering them unsuitable for GDPR-sensitive university
environments. In addition, INTEGRAL sacrifices some accuracy in exchange for data
sovereignty, zero operational cost, and integrated voice dictation, thus providing a combination
that’s not offered by any existing tool evaluated.
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6 Team Work and Collaboration

The INTEGRAL project was delivered using a collaborative Students-as-Co-Creators (SaCC)
approach, in which academic staff and students worked as partners throughout the project
lifecycle. Rather than following a traditional supervisor-led model, responsibility for planning,
implementation, and decision-making was largely delegated to the student team, with
academic staff providing guidance, technical advice, and strategic oversight. This approach
encouraged greater ownership of the project while developing professional skills in teamwork,
communication, and collaborative software development.

Although responsibilities evolved throughout the project, the team initially allocated tasks
according to each member's technical expertise and interests. Erik took primary responsibility
for frontend development, designing and implementing the user interface, login functionality,
and supporting code reviews. Matthew led the backend development, implementing the
application architecture, REST API, authentication system, and database integration. Mantas
was responsible for the artificial intelligence components of the system, including the
integration of the Mistral 7B large language model and Whisper speech recognition pipeline.
He also designed and conducted the evaluation of the Al components using quantitative
metrics, including BLEU score, F1 score, and exact match scoring, to assess the quality and
accuracy of the generated mathematical notation. Roshkan focused primarily on the written
report, producing the project overview, defining the project objectives, and completing the
critical analysis, risk assessment, and sustainability evaluation. These contributions ensured
that the final report presented not only the technical achievements of the project but also a
balanced discussion of its limitations, long-term viability, and wider educational impact.

Despite the allocation of primary responsibilities, the project was not completed through
isolated individual contributions. Team members regularly supported one another by reviewing
code, discussing implementation approaches, identifying software defects, and providing
feedback on documentation. This collaborative approach reduced dependency on individual
contributors and helped maintain consistency across the different components of the system.

Academic staff acted primarily as mentors rather than project managers. Regular progress
meetings provided opportunities to discuss technical challenges, review completed work, and
identify priorities for the following development cycle. Rather than prescribing implementation
decisions, supervisors encouraged the team to justify design choices and critically evaluate
alternative approaches. For example, discussions regarding system latency highlighted that
achieving sub-1.5-second response times should be balanced against the advantages of local
Al deployment, including improved privacy, compliance with UK GDPR requirements, and
reduced dependence on external cloud services. These discussions influenced both the
evaluation methodology and the interpretation of the system's performance results,
demonstrating how academic guidance contributed to critical thinking rather than directing
implementation.

Collaboration during software development was managed using Git and GitHub. Feature
branching, pull requests, and peer review formed the core development workflow, allowing
individual components to be developed independently before integration into the main
codebase. This approach significantly reduced merge conflicts and provided an opportunity
for code quality assurance through peer review. However, the project also highlighted the
importance of timely reviews. On several occasions, pull requests remained unreviewed for
extended periods, delaying integration and preventing comprehensive end-to-end testing. As
the project progressed, the team addressed this issue by communicating more proactively
through the group messaging platform, ensuring that pending reviews and technical blockers
were identified and resolved more quickly.
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During the final stages of development, task allocation became increasingly dynamic. Rather
than following a rigid project plan, responsibilities were redistributed according to immediate
project priorities and remaining deliverables. Matthew coordinated user acceptance testing,
maintained the testing register, and supported system integration. Manta completed the
performance evaluation of the Al components and conducted benchmarking of the language
model. Erik finalised frontend functionality, implemented the search interface, and completed
user interface testing. This flexible allocation of work enabled the team to respond effectively
to changing priorities while ensuring that all critical project components were completed before
submission.

One of the most significant technical challenges encountered throughout development was
maintaining a consistent development environment across multiple machines. Differences in
local configurations, dependency management, and project directory structures occasionally
prevented team members from running the application successfully. For example, the backend
required the application to be executed from a specific directory using the command uvicorn
main:app --reload, a requirement that was not initially documented within the project
README. Resolving these issues required close collaboration between team members and
highlighted the importance of comprehensive project documentation, reproducible
development environments, and clear onboarding procedures for collaborative software
projects.

The collaborative review process also proved valuable in identifying software defects before
deployment. During the final testing phase, several critical issues were discovered, including
an incorrect schema definition that prevented note creation and a missing authentication
configuration affecting JSON Web Token generation. Although these issues delayed final
integration, they also demonstrated the value of systematic peer review and collaborative
testing in improving software reliability and reducing implementation risks.

Reflecting on the project as a whole, one of the most valuable aspects of the Students-as-Co-
Creators approach was the emphasis on shared responsibility rather than hierarchical
management. While formal project management practices such as daily stand-up meetings
were not adopted, the team maintained effective communication through regular meetings,
GitHub collaboration, and group messaging. Open discussion of technical challenges,
uncertainties, and implementation decisions enabled problems to be addressed before they
significantly affected project progress. Equally important, the project provided valuable
experience of professional software engineering practices, including collaborative
development, version control, peer review, technical communication, and shared decision-
making. These experiences not only contributed to the successful delivery of the INTEGRAL
prototype but also developed transferable skills directly applicable to future careers in software
engineering and artificial intelligence development.
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Figure 6.1 Trello board - Task Management Screenshot

@~Matt when running the backend locally I'm getting

ModuleNotFoundError for database and models imports.

The imports in models.py and main.py need app. prefix to

work when running with uvicorn app.main:app --reload.

Specifically:

app/models.py: from database import Base - from

app.database import Base

app/main.py: from database import..., from models

import..., from schemas import... all need app. prefix"
16:08 &

didnt want to modify as its your files so only did in my Iim
branch the modifications, just letting you know 16:09 &

Figure 6.2 Mantas’s Messages - WhatsApp Groupchat Screenshot

Fri, Jun 19

~Arv +98 912 393 8343
Guys we need to create our own authentication system
and the Microsoft version will be not the option anymore

15:16

A That was the conclusion that f the meeting 15:17

Figure 6.3 Arvin’s Messages - WhatsApp Groupchat Screenshot)
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Tue, Jul 7

~Erik +44 7918 494831

. Note creation is broken — typo. schemas.py:54, in
NoteCreate.validate_note_title: return vliaue.strip() >
vlaue is undefined, so POST /api/notes/ throws a
NameError and 500s every time. Fix: vlaue - value.

2. Login 500s if SECRET_KEY isn't set. main.py:30 reads
os.getenv("SECRET_KEY"); with no .env it's None, and
jwt.encode(..., None) throws "Expecting a string- or
bytes-formatted key." We need a real .env with
SECRET_KEY=<random>. Note the README still says to
set the old Azure vars — those are obsolete now.

-

09:53

(&)

. Output truncated. num_predict: 120 (~line 89) caps
generation at 120 tokens; a full note gets cut off mid-
expression (Ollama reports done_reason: length). Bump
to 512-1024.

. Cold-start silently fails. timeout=15 (~line 93) is shorter
than the first-call model load (~15s+), so the first
conversion after idle times out. Also Ollama unloads the
model after ~5 min idle, so this recurs. Fix: timeout=60,
and/or send "keep_alive": -1 to keep the model warm.

10:02

[

©

. Prompt vs. usage mismatch. The system prompt says
"keep it short, one line," but the app sends whole multi-
line notes. Even without truncation it crams everything
into one align* block. Either tune the prompt for multi-
line notes or convert line-by-line.

10:02

Figure 6.4 Erik’'s Messages - WhatsApp Groupchat Screenshot
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~Matt +44 7773 599131
hi guys so i met with Natalia and Tom today, a few things
to do before the 17th.

ive completed half of the Master Test Register today.
between everyone please pick up the remaining 4
sections and complete them

i could not complete the PT-005 test, as i have to run it
on my laptop which has no dedicated GPU, so the result
isnt representative. Ollama fell back and latency blew
way past our 1.5s target. someone with a GPU needs to
rerun it. | can send over the k6 script, just needs Ollama,
k6, and the backend running locally, and send me the
results and ill write it up.

the search bar endpoint is done so just needs to be wi...

e Read more 23:53
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Conclusion

The INTEGRAL project set out to test whether generative Al could reduce the representational
friction of digital mathematical note-taking without displacing the reasoning it is meant to
support. Judged against the six research questions and six objectives set out in the
introduction, this aim was substantially achieved.

RQ1 (how Al can improve mathematical note-taking practices) was addressed and empirically
demonstrated, if only at prototype scale. The literature review positioned the LLM as a
"representational mediation layer" that translates informal input into LaTeX without replacing
student reasoning, and the implementation built exactly this: a working text and speech
pipeline that UAT-001 and UAT-002 confirmed produces correctly formatted, readable LaTeX
from natural language. What the project has not shown is whether this improves note-taking
practice over time. The evidence is that the mechanism works, not that it changes how
students actually take notes.

RQ2 (what makes digital mathematical note-taking harder than handwriting) was addressed
thoroughly, but through literature synthesis rather than original testing. Section 1.1 makes a
strong case, grounded in cognitive load theory and the specific demands of mathematical
notation (fractions, matrices, superscripts), for why LaTeX's syntactic overhead competes with
conceptual understanding. No direct comparative study against handwritten note-taking was
run within the project itself, so this answer rests on existing research rather than INTEGRAL's
own data.

RQ3 (how Al can enhance usability and accessibility) was partially addressed. The dual
text/speech input, zero-install browser design, and configurable theming were all implemented
and are consistent with the project's universal-design framing. However, the report's own
accessibility discussion flags that LaTeX and image-based notation remain difficult for screen
readers to parse, and this was never verified empirically. Ul and compatibility testing are
recorded as "Not Started" in the Master Test Register. The design intention is sound; the
accessibility claim is currently unverified.

RQ4 (how Al-assisted note-taking supports learning, comprehension, and retention) is the
least answered of the six. The report leans heavily on constructivist and cognitive load theory
to argue that Al should preserve germane cognitive effort, and this theory shaped real design
choices, most visibly the deliberate, learner-triggered Convert button rather than automatic
conversion. But no learning outcome was actually measured; UAT feedback concerned
usability, not comprehension or retention. This question is addressed conceptually, not
empirically.

RQ5 (environmental and cognitive implications of paper versus Al-assisted note-taking) was
addressed narratively rather than quantitatively. Section 1.4 draws a reasonable comparison
between the near-zero energy cost of handwriting and the aggregate energy demands of
transformer inference at scale, and local deployment was explicitly chosen to mitigate this. But
the project never measured the actual energy consumption of its own system, so the
comparison remains a literature-informed argument rather than project-generated evidence.
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RQ6 (designing for equitable access across technological contexts) is the most concretely
answered research question in the report. The entire local-deployment architecture (no
specialist hardware, no per-request cost, browser-based, running on standard university lab
machines) is a direct, implemented response to this question, and Figure 5.1.2 makes the
equity case explicit by contrasting INTEGRAL's zero cost against MathPix's subscription and
ChatGPT's per-token pricing. The main caveat is that "different technological contexts" was
tested only within University of Westminster's own lab environment, not against students'
personal or lower-spec devices.

(O1) was fully met. The literature review established that LaTeX's syntactic overhead, rather
than mathematical understanding itself, is the primary barrier to digital notetaking, and
identified Al-mediated translation as an underexplored way to reduce this barrier while
preserving learner reasoning.

(O2) was met for its stated scope. Typed and spoken input were both implemented, converged
on a single conversion pipeline, and confirmed to work end-to-end in functional and user-
acceptance testing (FT-005, UAT-001, UAT-002). The image-based handwriting input
originally envisaged in the project's broader ambitions was not delivered within the timeframe
and remains future work.

(0O3) was met, yielding a subtle conclusion rather than a simple confirmation. Mistral 7B and
Whisper proved viable for local, privacy-preserving, cost-free deployment, but evaluation also
surfaced real trade-offs: moderate conversion accuracy (40% exact match across the 15-
expression test set), and response latency that marginally exceeded the 2-second target on
average and degraded further under concurrent load, though without causing failures. This
limitation traced to development hardware constraints rather than the underlying architecture.

(O4) was fully met. The three-tier React/FastAPI/SQLite architecture, JWT authentication, and
local Al inference layer were all implemented and are functioning, though the originally
planned Microsoft SSO integration had to be replaced with a custom authentication system
for institutional reasons beyond the team's control.

(O5) was substantially, but not completely, met. Functional, validation, security, and
performance testing were all completed with documented pass/fail evidence, and two of three
planned user-acceptance scenarios were carried out and surfaced genuine usability issues.
Ul, compatibility, and integration testing, together with the third UAT scenario, remain
outstanding at the time of writing and should be completed before any wider deployment is
considered.

(06) was fully, and arguably most thoroughly, met. The risk, accessibility, ethical, and
sustainability analysis was not treated as an afterthought. Rather, they directly shaped the
system's central architectural decision to run inference locally rather than through a cloud API.

Taken together, the project delivered a working prototype that demonstrates its central
hypothesis is technically feasible: natural-language-to-LaTeX conversion can run locally,
privately, and at no marginal cost, while keeping the learner in explicit control of the
transformation. What it has not yet demonstrated is whether this translates into improved
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learning outcomes; that question sits outside the scope of a system-level evaluation and
remains open for future work, alongside the handwriting input mode, server-side token
revocation, and the outstanding testing categories identified above. INTEGRAL therefore
stands as a credible proof of concept for privacy-preserving, Al-assisted mathematical
notetaking, with a clear and well-documented path towards a deployment-ready system.

The most immediate priority is closing the gaps the project's own testing has already exposed
rather than opening new fronts: completing the outstanding Ul, compatibility, and integration
testing, resolving the multi-expression segmentation issue identified independently by a user
tester, and implementing server-side token revocation so the current logout vulnerability is
properly fixed rather than merely narrowed. Conversion accuracy is the other pressing
technical concern, with only 40% exact match and latency exceeding target under load,
integrating symbolic verification tools such as SymPy, and re-testing on adequately
provisioned hardware rather than an 8GB development machine, would clarify how much of
that shortfall is a genuine model limitation versus a hardware artefact.

Beyond fixing what's broken, the more interesting research direction is the question this report
identifies but doesn't answer: whether INTEGRAL actually improves learning, not just
conversion accuracy. Every evaluation in this project measures system performance (latency,
BLEU score, exact match) but none measures cognitive load, retention, or conceptual
understanding in real learners over time. A longitudinal study comparing students using
INTEGRAL against those using LaTeX directly or pen-and-paper notes would test the project's
central pedagogical claim, that Al can absorb representational friction without eroding
germane cognitive effort, rather than simply asserting it from theory.

Finally, completing the handwriting input mode would fulfil the multimodal vision set out from
the start, and revisiting model scale (comparing 7B against distilled or quantised larger
models) could show whether accuracy is improvable without breaching the real-time latency
constraints that local deployment was chosen to protect.
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Supporting Materials and Appendices

This chapter provides an overview of the supplementary materials accompanying the report.
The appendices support the project's research, system design, implementation, evaluation,
dissemination activities, and technical development.

Appendix 1: Prospective User Questionnaire

Appendix 1 contains the INTEGRAL prospective user questionnaire, developed to investigate
current mathematical note-taking practices, common challenges, accessibility requirements,
and desired system features.

The questionnaire explores participants' note-taking methods, difficulties with mathematical
notation, equations and graphs, familiarity with LaTeX, preferred accessibility settings, and
the importance of features such as Al-assisted LaTeX generation, graph rendering, note
organisation, export functionality, and speech input. Participants were also asked how likely
they would be to use INTEGRAL during lectures, revision, coursework, examination
preparation, and research.

Appendix 2: Requirements Collection Spreadsheet

Appendix 2 contains the complete Software Requirements Specification (SRS) developed
during the requirements elicitation phase of the INTEGRAL project. The spreadsheet
documents the functional and non-functional requirements identified through the prospective
user questionnaire, literature review, and discussions within the Students-as-Co-Creators
project team. Each requirement is recorded using a structured format that includes a unique
identifier, description, user story, acceptance criteria, implementation priority (MoSCoW),
quality attributes, target metrics, associated system components, implementation status, and
supporting notes. This document provided the primary reference throughout the project's
design and development, ensuring traceability from identified user needs to the implemented
system features and evaluation criteria.

Appendix 3: Conference Poster and Abstract

Appendix 3 contains the poster and abstract presented at the 9th Student-Staff Research
Conference, held at the University of Westminster on 25 February 2026. These materials
summarise the project's motivation, objectives, and proposed solution, providing evidence of
the dissemination of the project to the University's research community.

Appendix 4: Testing and Evaluation Tables

Appendix 4 presents the complete testing and evaluation documentation. It includes detailed
test cases, expected and actual outcomes, identified issues, implemented fixes, and the final
status of each test.

These materials provide supporting evidence for the evaluation presented in Chapter 5 and
demonstrate the systematic assessment of the system's functionality, usability, security,
performance, and reliability.
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Appendix 5: Workshop Presentation and Promotional Materials

Appendix 5 contains the presentation slides and promotional materials developed for
the INTEGRAL: Al for Mathematical Notetaking Workshop, held at the University of
Westminster on 7 April 2026. These materials were used to introduce the project, demonstrate
the prototype, and engage students and staff with the project's aims and outcomes.

Appendix 6: GitHub Repository

Appendix 6 provides access to the project's GitHub repository, which contains the complete
source code, implementation files, supporting scripts, technical documentation, and
development resources created throughout the project.

The repository also documents the evolution of the system through version control,
demonstrating the technical contributions of the project team and providing evidence of the
iterative software development process.

SCC INTEGRAL: interactive notetaking tool for equations, graphs, algebra, and logic.
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