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This thesis aimed to continue the development of the ASPA-program by enhancing it with
additional software, since it lacked features like user analytics data storage and automatic up-
dates. This was achieved by developing a web-based version and integrating it into the Moo-
dle Learning Management System (LMS) using the Learning Tools Interoperability (LTI)
standard and modern web technologies. The methodology utilised in this paper was Design
Science Research (DSR), while MongoDB, Express.js, React, and Node.js (MERN) stack
and Model-View-ViewModel (MVVM) architecture were used in the design and develop-
ment phase. The results indicate, that the developed ASPA artefact integrates successfully
into Moodle via LTI 1.3 offering a user-friendly, responsive, and visually appealing interface
for code analysis having the potential of enhancing the learning experience of students in the
CS1 course at LUT University. Further research will include student involvement in the test-
ing and feedback process. Ultimately, the future of the new web-based ASPA looks bright as
the results of this work turned out to be successful.
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Tamain kandidaatintyon tavoitteena oli jatkaa ASPA-ohjelman kehittdmisti parantamalla sita
lisdohjelmistolla, silld siitd puuttui ominaisuuksia, kuten kayttdjdanalytiikkatietojen tallen-
taminen ja automaattiset pdivitykset. Tdma saavutettiin kehittdmailld verkkopohjainen ver-
sio ja integroimalla se Moodle-oppimisenhallintajérjestelmédn kdyttaméllda LTI-standardia
(Learning Tools Interoperability) ja moderneja web-tekniikoita. Tutkimuksen metodolo-
giana kaytettiin suunnittelutieteellistd tutkimusta (Design Science Research), ja suunnittelu-
ja kehittdmisvaiheessa kéytettiin MongoDB-, Express.js-, React- ja Node.js-pinoa (MERN)
sekd Model-View-ViewModel-arkkitehtuuria (MVVM). Tulokset osoittavat, ettd kehitetty
ASPA-arkkitehtuuri integroituu onnistuneesti Moodleen LTI 1.3:n avulla ja tarjoaa kiyt-
tajaystavéllisen, responsiivisen ja visuaalisesti miellyttdvan kéyttoliittyméan koodianalyysia
varten, mikd voi parantaa opiskelijoiden oppimiskokemusta LUT-yliopiston Ohjelmoinnin
Perusteet -kurssilla. Jatkotutkimuksiin sisdltyy opiskelijoiden osallistuminen testaukseen ja
palauteprosessiin. Loppujen lopuksi uuden verkkopohjaisen ASPA:n tulevaisuus ndyttdé val-
oisalta tyon tulosten osoittautuessa onnistuneiksi.
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1 INTRODUCTION

The role of Information Technology (IT) education is increasingly emphasised in today’s
society, where digital information is intertwined in all aspects of life - from economy to
culture and entertainment - and is becoming increasingly important (Lindholm 2021). In this
data-driven era, the demand for IT skills has grown, highlighting the importance of quality

IT education in Finland.

Lappeenranta-Lahti University of Technology (LUT University) offers a course called Ohjel-
moinnin Perusteet (CS1), which is designed to introduce students to programming. The en-
tirety of the course, comprising 60 weekly assignments, the practical assignment, and the
exam, is conducted using the Python programming language. The learning objective of the
course is to enable students to write small, clear, and extensible programs. However, a novice
programmer typically makes a wide variety of programming and style mistakes. To effec-
tively identify and minimise errors, the course’s Learning Management System (LMS), Moo-

dle, provides students with the Python program ASPA.

1.1 Problem statement

ASPA is simple in functionality, but powerful. It analyses the user’s Python code and pro-
vides line-by-line feedback. Luukkainen et al. (2022) investigated the impact of the tool on

students’ course grades and found that it has a positive impact on course grades.

Although the tool has proven to be very useful, it still leaves room for improvement: there
are no automatic updates in ASPA, so students always must download the latest version from
Moodle to get access to new features and bug fixes. The program requires students to run
the program locally, which limits its usability. In addition, the program lacks analytics data

storage, which is essential for further development of the course.

1.2 Goals and delimitations

The aim of this thesis is to investigate how modern web technologies, interfaces and models
can be used to develop new web-based software and how it can be integrated into Moodle

programming courses of LUT. The research questions of the thesis are:
1. How to integrate own software into Moodle using LTI?

2. How can modern web development enhance existing software?



The research methods used are a literature review and the DSR method. This thesis focuses

specifically on exploring the potential for developing the ASPA program and extending the

program using modern web technologies such as LTI and the MongoDB, Express.js, React,
and Node.js (MERN) stack. A more in-depth analysis of the original functionality of ASPA

is excluded from the study.

1.3

Structure of the thesis

This thesis is organised into six chapters:

1.

Introduction: The first chapter provides the background information, outlines the ob-

jectives of the study, and introduces the research questions.

. Literature Review: Chapter two reviews the relevant literature and previous studies

to provide a comprehensive picture of the research area and its current state.

. Methodology: In the third chapter, the methodology utilised in the study is discussed

in detail, emphasising the use of the Design Science Research (DSR) methodology and

its application to the research problem.

Construct: Chapter four delves into the technical implementation of the developed
software, focusing on its requirements, design, development process, and integration

into the CS1 course on Moodle.

. Results: The fifth chapter presents the results obtained from the study and evaluates

the success of the project in meeting its objectives.

. Discussion: The sixth chapter critically discusses the results and findings in the con-

text of the research questions, evaluates the implications of the study, and suggests

recommendations for future research.

Conclusion: Finally, the last chapter synthesises the research findings and draws con-

clusions.

This structured approach ensures a coherent progression of ideas and a comprehensive ex-

ploration of the research topic.



2 LITERATURE REVIEW

This chapter reviews existing literature relevant to the integration of ASPA into Moodle via
LTTusing modern web technologies. It aims to establish a foundational understanding of each

component and explores previous integrations and developments within similar domains.

2.1 Understanding Learning Management Systems and Moodle

The development of LMSs starting from the PLATO-system in the 1960s marks significant
progress in the education technology. Nowadays, LMSs serve as toolkits for e-learning
implementation, facilitating interactions, collaborations, and effective monitoring of stu-
dent participations (Rhode et al. 2017). They work as the backbone of institutional instruc-
tional technology, extending educational accessibility and fostering secure online interactions
(Oliveira et al. 2016; Rhode et al. 2017).

Moodle stands out due to its open-source nature offering educators, administrators, and stu-
dents a coherent, secure, and integrated system for personalised learning environments (4bout
Moodle 2024). Its modular design and the wide number of plugins enhances flexibility and
functionality, covering institutional requirements (Gamage et al. 2022). With over 410 mil-
lion users in 242 countries, Moodle has proven to enhance students’ performance, satisfac-
tion, and participation, especially in the STEM disciplines of universities (Gamage et al.
2022; Moodle Statistics 2024).

Moodle’s adaptation to developing web technologies and the compatibility with modern
teaching methods highlights its role in enabling immersive and interactive learning expe-
riences. Highlighting user-friendly features and inclusion of cognitive learning theories,
Moodle enhances the learning outcomes by offering an access to comprehensive learning
resources and personalised feedback systems. (Aulianda et al. 2023.) With the help of Moo-
dle, adaptive and inclusive learning environments can be created, supporting the needs of a

global student base.

2.2 Introduction to Learning Tools Interoperability

In order to integrate new software in Moodle LMS, interoperability between the systems will
be required. Interoperability standards for learning systems have existed since the emergence
of the first LMS platforms, with various standards proposed over the years for different pur-

poses (Pérez-Berenguer and Garcia-Molina 2018).



2.2.1 LTI fundamentals

Learning Tools Interoperability (LTI) is an open standard developed by the IMS Global
Learning Consortium. It specifies a way to connect learning applications and tools easily
and securely with platforms like LMSs, portals, and learning object repositories. LTI allows
courseware and learning tools from different vendors to be launched within a LMS. (Roy
Choudhury and Singh 2019.)

The main objectives of LTI are to provide a seamless and integrated experience for students
and teachers, allow the inclusion of third-party applications in courses, simplify the devel-
opment process for system integration, and enable effective management of external tools.
(Roy Choudhury and Singh 2019.)

2.2.2 LTI history

LTI has evolved over time with different versions introducing new functionality and security
features. The development of LTI began in 2008 with the release of version 1.0, which fo-
cused on providing a basic launch functionality for external resources (Roy Choudhury and
Singh 2019). Subsequent versions introduced additional features and improvements which

is presented in Table 1.

Table 1: LTI evolution over time (Roy Choudhury and Singh 2019; LT7 Security Announce-
ment 2021)

Version Release Date | Functionality Comments

1.0 2008 Secure connection between the Tool | Deprecated
Consumer and Tool Provider.

1.0 Full LTI | May 2010 Unidirectional communication with | Deprecated
Tool Consumer and Tool Provider.

1.1 March 2012 | Added functionality to fetch grades | Deprecated
and results, and Basic Outcomes.

1.1.1 June 2012 Added functionality of role provi- | Deprecated
sioning.

2.0 July 2013 Used Tool Consumer, Proxy, and | Deprecated
AutoRegistration.

1.3 (LTI Ad- | 2017 Use of REST, JSON web tokens, and | Recommended

vantage) OAuth2 for improved integration and | LTI Version
functionality.




As LTI has evolved, it has become the leading standard for developing interoperable web
tools in the e-learning environment, with widespread adoption by various organisations and

research groups (Redondo et al. 2021).

2.2.3 LTI and Moodle

Moodle, as a popular open-source LMS, supports LTI to enable the integration of a wide
variety of external tools and resources (Verdaguer 2021). Moodle’s support for LTI allows
educators to enhance their courses with additional functionalities and content, creating a more

comprehensive and engaging learning experience.

Several studies have researched the integration of external tools into Moodle via LTI. Knu-
tas et al. (2019) presented an automated assessment system for web programming assign-
ments that integrates with Moodle using LTI, demonstrating a successful implementation in
the context of programming education. Lihavainen (2019) also discussed the integration of
specialised virtual learning environments with Moodle at LUT University, highlighting the

benefits of using LTI for seamless data transfer and user management.

However, there are some limitations and challenges associated with LTI integrations in Moo-
dle. The LTI 1.1 standard, for example, has limitations in terms of grade reporting, allowing
only a single decimal value to be passed back to the LMS (Lihavainen 2019). Additionally,
the setup and configuration of LTI connections can require technical expertise and may in-
volve some complexity in managing access and credentials for multiple external tools (Then
etal. 2016). Despite these challenges, the adoption of LTI in Moodle has been growing, with

many institutions utilising this standard to extend the capabilities of their learning platforms.

2.3 Deciphering ASPA and its role

2.3.1 Abstract Syntax Tree Analyser (ASPA)

Abstract Syntax Tree Analyser (ASPA) is a static analyser tool designed to support learn-
ing and provide continuous feedback on programming courses (Luukkainen et al. 2022). It
was developed specifically for the previously mentioned programming course, Ohjelmoinnin
Perusteet (CS1), with Python at LUT University. ASPA analyses the syntactic structure of
student submissions by forming an Abstract Syntax Tree (AST) of the program under anal-
ysis (Luukkainen et al. 2022). This AST format enables the tool to properly analyse the use
of programming structures, such as the definition of variables, classes, and functions within

functions or globally.

ASPA conducts a structural analysis of a program and checks it against a set of style guide

rules defined for the course. These rules cover various aspects of programming style, in-



cluding the use of functions, global variables, file handling, data structures, library use, and
exception handling (Luukkainen et al. 2022). The tool provides feedback to students on what
is wrong in their code and where the issue is located, using clear language and avoiding tech-
nical terms when possible. Detected violations are classified into three categories: errors,

warnings, and notes, based on their severity and importance (Luukkainen et al. 2022).

# ASPA - Abstrakti SyntaksiPuu Analysaattari = O X

Select analyses Filepaths Select file Select folder Clear
lv Basic commands
v Functions
v File handling
v Data structures
Iv Library usage
v Exception handling

Execute analysis

Figure 1: ASPA 0.2.6 GUI main page on Windows 11

As shown in Figure 1, the tool has a GUI that allows students to select the structures to
analyse and the file or folder to evaluate. ASPA is available as a single Python file that
students can run on their own computers, while course staff members use it as a starting point
when evaluating projects and electronic exam programs to ensure consistent code analysis
(Luukkainen et al. 2022).

2.3.2 ASPA in educational context

An empirical study was conducted to validate ASPA and evaluate its acceptance, perceived
ease of use, and perceived usefulness among 236 students enrolled in the basic program-
ming course at LUT University (Luukkainen et al. 2022). The study found that ASPA was
frequently used by students during assignments and throughout the course, with most partic-

ipants (87%) being novice programmers.

The results showed that ASPA was perceived as easy to use, covering aspects such as select-
ing analyses to perform, choosing files to analyse, and understanding the results and feedback
provided by the tool (Luukkainen et al. 2022). Moreover, the students found ASPA to be a
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useful tool, with more than 80% of respondents agreeing on its usefulness on average. They
reported that the tool made it less difficult to complete assigned tasks and was particularly
helpful in improving their course project grades. The interactions with ASPA were also pos-
itively judged by the students, highlighting a positive synergy between the tool and its users
(Luukkainen et al. 2022).

The study demonstrated that AST-based static analysis is a suitable technology for providing
semiautomatic feedback to students and supporting their learning. However, Luukkainen et
al. (2022) stated that “...it is important to have coding conventions that can be implemented in
the selected tool and refined continuously to support evolving course needs”. The empirical
validation of ASPA also provided suggestions for further improvements, such as more fine-

grained reports and additional checks to cover aspects beyond structural and style violations.

2.4 Current trends in web development

2.4.1 MERN stack

The MERN stack, consisting of MongoDB, Express.js, React, and Node.js, has gained pop-
ularity among developers for building dynamic websites and applications. This collection of
powerful technologies provides an end-to-end framework for developing web applications,
covering front-end, back-end, and database components. Compared to other web technolo-
gies, i.e. the MEVN stack or Python alternatives, the MERN stack offers several advantages,
such as improved Ul rendering and execution, cost-effectiveness, and ease of switching be-
tween client and server. (Bawane 2022.) It enables rapid development of flexible and pro-

fessional web applications.

The MERN stack has been adopted by various top brands, including UberEATS, Instagram,
Walmart, Netflix, and Facebook, demonstrating its effectiveness in real-world scenarios (Bawane
2022). These companies have utilised the MERN stack to enhance user experience, improve

performance, and achieve faster development cycles.

2.4.2 MVC and MVVM architecture

Model-View-Controller (MVC) and Model-View-ViewModel (MVVM) are two architec-
tural patterns that have been widely used in web development to separate concerns and im-
prove maintainability. Both patterns aim to decouple the user interface from the business

logic, but they differ in their components and interactions.

Asseen from Figure 2, MVC consists of three main components: the Model, which represents

the application’s data and business logic; the View, which is responsible for displaying the

10



P
View > Model < Controller
View displays Model contains data to be _Controller handles user
the data to user rendered on the View input and provides Model
with data to be rendered
2 User l:l Pattern component — 3 Reference  -eeee-. » User interaction

Figure 2: Web MVC pattern (Syromiatnikov and Weyns 2014)

data to the user; and the Controller, which handles user input and manages the interaction
between the Model and the View (Syromiatnikov and Weyns 2014; Wilson et al. 2022).

------- >
View ——<&o>—> View Model > Model
< ______
View is bound to View Model :
in a declarative manner. T(?r?(lsvsit‘t,llzvgrﬁ;ai:ledaa?g
Contains no extra logic

) & User ——> Directaccess =~ ------- » User interaction
I:] Pattern component —<&—»  Observer synchronization

Figure 3: MV VM pattern (Syromiatnikov and Weyns 2014)

On the other hand, in Figure 3, MVVM introduces a new component called the ViewModel,
which acts as an intermediary between the View and the Model. The ViewModel encapsu-
lates the presentation logic and exposes properties and commands that the View can bind to
(Syromiatnikov and Weyns 2014; Wilson et al. 2022).

Empirical studies have compared the impact of MVVM and MVC architectures on main-
tainability and testability. Wilson et al. (2022) found that MVVM performed better in terms
of testability and maintainability based on metrics such as maintainability index, cyclomatic

complexity, and class coupling.

11



2.5 Summary

The literature underscores a consistent theme: while there exists a great amount of knowledge
on Moodle, LTI, and modern web technologies, there is few detailed case studies and practical
research focused on the integration of third-party educational tools into Moodle. This gap

indicates an important area that needs more investigation.

This thesis provides detailed insights into the development and integration process, using
modern web technologies to enhance the educational capabilities of Moodle through an ef-
fective tool integration. This review sets the stage for the practical work in developing and
integrating ASPA into Moodle, guided by the insights gathered from the literature.

12



3 METHODOLOGY

This chapter presents the Design Science Research (DSR) method utilised in the Moodle-
LTI-integration of ASPA. For the guiding framework of this research, the DSR methodology
was chosen since it provides a structured approach on designing and developing innovative

artefacts that solve practical problems.

3.1 Design Science Research

DSR is a problem-solving paradigm, that aims to increase human knowledge by creating in-
novative artefacts (Johannesson and Perjons 2021). Its goal is to develop technology and
science knowledge bases by creating artefacts, that solve problems and enhance the environ-
ment in which they are instantiated (Vom Brocke et al. 2020). The results of DSR include
both the new artefacts and the design knowledge, providing a more rigorous picture of how

the artefacts enhance or disrupt the context of the relevant application.

DSR is well suited for engineering education research, since it produces knowledge con-
currently on the method used in designing the artefact and the design of the artefact itself
(Carstensen and Bernhard 2019). This concurrent focus is in line with the objectives of this
paper as the aim of this thesis is on developing a web-based version of ASPA and its integra-

tion into Moodle while producing knowledge on the process and the new emerged artefact.

3.2 Method framework

The DSR method framework used in this thesis is based on the work of Johannesson and Per-
jons (2021). It is formed of five primary functions seen in Figure 4: Explicate Problem, De-
fine Requirements, Design and Develop Artefact, Demonstrate Artefact, and Evaluate Arte-
fact. Unlike being strictly sequential, these activities are logically ordered by input-output
relationships (Johannesson and Perjons 2021). This makes it possible to have flexibility and

agility during the whole research process.

The first activity of the DSR framework is the explication of the problem. The idea is to
recognise the gap between the present state and the desired one, as seen by the practical
stakeholders (Johannesson and Perjons 2021). The problems of this thesis are mainly in
the limitations of the current version of ASPA, including the lack of automatic updates and

analytics data storage, and the need for local installation.

13



Research Strategies and Methods, Creative Methods

Initial Explicated
problem Explicate problem
. Problem
Require-
Define ments
Require-
ments
Design
and Artefact

Develop Paiioh-
Artefact strated
Demon- | artefact
strate
Artefact 4
Evaluated
Evaluate artefact
EE——

Artefact

Knowledge Base

Figure 4: The method framework for DSR with research strategies and knowledge base (Jo-
hannesson and Perjons 2021)

The second activity is to define the requirements for the artefact, that aims to solve the expli-
cated problem. This includes figuring out the type of the developed artefact (e.g., construct,
model, method, or instantiation) and the functional, structural, and the environmental re-
quirements (Johannesson and Perjons 2021). In this thesis, the developed artefact will be an
instantiation of web based ASPA into Moodle utilising LTI and other previously mentioned
web technologies forming a Minimum Viable Product (MVP).

The third activity is to design and develop the artefact using the previously defined require-
ments. This process shown in Figure 5 includes divergent brainstorming to create new ideas,
convergent thinking to evaluate and approve these ideas, and the reuse and adaptation of
existing ideas (Johannesson and Perjons 2021). All the tools and methods including LTI,
MERN stack, and MVVM pattern, are used in designing and developing the artefact in this

paper.

The fourth activity of the DSR framework is the demonstration of the artefact by indicating
how it can be used to solve the problem in one or more cases (Johannesson and Perjons 2021).

This can be done using a fictious scenario, a well-documented case from the literature, or a

14



Research strategies
Research methods
Practice-based approaches

Controls
described

in7.3
Input Output

described in described
Chapter 6 before 7.1

Artefact outline Desugn gnd Develop Artefact Artefact

and requirements Imaglne and Sketch and Artefact knowledge
Brainstorm Build "
Assess and Justify and
Select Reflect

Sub-activities
described

: Previous research
in7.1 Resources

Knpvyledge about described
existing artefacts in7.2
Stakeholder ideas

Figure 5: Design and develop artefact (Johannesson and Perjons 2021)

real-world-case. In this thesis, the web based ASPA will be demonstrated in the context of a

test course on Moodle at LUT University.

The fifth and the last activity is the evaluation of the artefact to define how well it solves the
specified problem and fulfils the given requirements (Johannesson and Perjons 2021). This
can be done using different evaluation strategies shown in Table 2, such as ex ante or ex post,
naturalistic or artificial. A combination of ex ante and ex post evaluation will be used in this

work including informed arguments and user testing.
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Table 2: Research strategies and methods for evaluation strategies (Johannesson and Perjons
2021)

Naturalistic Artificial

- Action research

- Mathematical or logical proof
Ex ante - Focus group ) )
. - Computer simulation
- Interview

- Action research
- Informed argument

- Case study ) )
- Mathematical or logical proof
- Ethnography . .
- Computer simulation
Ex post - Phenomenology ) ) )
- Role-playing simulation
- Survey

. - Lab experiment
- Focus grou
group - Field experiment

- Participant observation
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4 CONSTRUCT

In this chapter, the implementation of the Moodle-LTI-integration of ASPA using modern
web technologies is discussed in detail. The chapter is structured based on the DSR frame-
work mentioned in Chapter 3, starting with the explication of the problem, followed by the
definition of requirements, and the design and development of the artefact. Finally, the LTI-

integration to Moodle will be discussed shortly.

4.1 Problem explication

ASPA, in its current form, is a Python program that provides static analysis of the user’s
Python code. While it effectively serves its core purpose, there are several limitations - as pre-

viously mentioned - that hinder the user experience and the development of the CS1 course:

1. Lack of automatic updates: Students need to manually download the latest version of

ASPA from Moodle to access new features and bug fixes.

2. Local installation requirement: The program needs to be run locally on the student’s

computer, limiting its usability and accessibility.

3. Absence of analytics data storage: The program does not store user analytics data,

which is crucial for further development and improvement of the course.

These limitations form the gap between the current state of ASPA and the desired state, as

perceived by the stakeholders involved in the CS1 course.

4.2 Requirements

Based on the explicated problem, the requirements for the new ASPA artefact are defined.
The artefact will be an instantiation of a web-based ASPA integrated into Moodle using LTI
and other modern web technologies, forming a Minimum Viable Product (MVP). The re-
quirements are categorised into functional, structural, and environmental requirements, as
shown in Table 3, Table 4, and Table 5.

These requirements were defined based on the input from the course staff (stakeholders)
and the review of relevant literature on LTI, modern web technologies, and software quality
attributes. The involvement of stakeholders ensures that the requirements align with the
practical needs of the CS1 course, while the literature review provides a solid theoretical

foundation for the artefact design.
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Table 3: Functional requirements for the new ASPA artefact

ID Description Priority
FU REQ-1 Contains the core functionality of the original ASPA High
FU REQ-2 Fulfils the 1EdTech Security Framework standards (LTT) High
FU REQ-2.1 | Uses OAuth 2.0 - RFCs 6749 and 6750 from the IETF High
FU REQ-2.2 | Uses JSON Web Tokens - RFCs 7515, 7516, 7517, 7518, 7519 | High
and 7523
FU REQ-2.2 | Uses Open ID Connect Core - OpenID Foundation, on top of | High
OAuth 2.0
FU REQ-3 Provides a user-friendly web interface for code analysis High
FU REQ-4 Allows students to submit code for analysis without limitations | High
FU REQ-5 Stores user analytics data Medium
FU REQ-6 | Enables course staff to update ASPA remotely Medium
Table 4: Structural requirements for the new ASPA artefact
ID Description Priority
ST REQ-1 | Follows a modular architecture using MVVM High
ST REQ-2 | Uses modern web technologies (MERN stack) High
ST REQ-3 | Ensures low coupling and high cohesion between components Medium
ST REQ-4 | Implements a containerised deployment using systemd services | Medium
ST REQ-5 | Follows a responsive design approach Medium
Table 5: Environmental requirements for the new ASPA artefact
ID Description Priority
EN REQ-1 | Integrates seamlessly with Moodle via LTI High
EN REQ-2 | Ensures data privacy and security High
EN REQ-3 | Provides a responsive and accessible GUI Medium
EN REQ-4 | Allows for future extensibility and maintainability Medium
EN REQ-5 | Supports localisation, enabling the adaptation of the user inter- | Low
face to different languages
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4.3 Artefact design and development

The design and development of the new ASPA artefact follows an iterative process, incorpo-
rating brainstorming, evaluation, and adaptation of existing ideas. The process begins with a
short ideation phase, where the main goals and features of the artefact are outlined based on

the defined requirements and the input from stakeholders.

4.3.1 Design

The design phase focuses on creating a modular and maintainable structure for the new ASPA
artefact. The Model-View-ViewModel (MVVM) architectural pattern is chosen to separate
the concerns of data, presentation, and business logic. This pattern allows for a clear sepa-
ration of responsibilities and enhances the testability and extensibility of the application. In
the MVVM pattern, the Model represents the data and business logic, the View is responsible
for displaying the GUI, and the ViewModel acts as an intermediary between the Model and

the View, exposing data and commands for the View to consume.

- o Retrieves data from
View Binds to ViewModel and sends Model

[React DOM] [Observable properties [JavaScript] commands to [JavaScript, Python]
and commands] [API calls]

"l Represents the data and
business logic, performs
code analysis

Displays the user interface
and interacts with the
ViewModel

Exposes data and
commands for the View,
interacts with the Model

Notifies of changes
[Event-driven]

Figure 6: The MV VM pattern of the ASPA artefact

The design process also involves the creation of low-fidelity prototypes and wireframes to
visualise the user interface and user flow of the web-based ASPA. Figure 7 and Figure 8
serve as a basis for discussion and refinement with stakeholders, ensuring that the design

aligns with their expectations and requirements.

4.3.2 Development

The development process of the new ASPA artefact is based on the MERN stack, which
consists of MongoDB, Express.js, React, and Node.js. This technology stack is selected for
its popularity, robustness, and suitability for developing modern web applications as emerged
in Chapter 2. The development is divided into three main components: the server, the client,

and the Application Programming Interface (API).
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ASPA Version 0.0.1

Analysis 1 Analysis 2 Analysis 3~ Analysis 4 Analysis 5

Select a File

Submit

Figure 7: The main view prototype of the ASPA artefact

ASPA Version 0.0.1

Analysis Results
Analysis 1: No violations detected.
Analysis 2: No violations detected.
Analysis 3: No violations detected.

Analysis 4: No violations detected.

Back

Figure 8: The analysis view prototype of the ASPA artefact

Server Component

The server component is responsible for handling the LTI integration, authentication, and
routing. It is built using Express.js and ltijs-library following the folder structure shown in

Figure 9.

The server’s index. js file sets up the LTI provider, handles the database connection, and
defines the routes for successful LTI launches. The routes. js file contains the API end-
points, including the /api/file route, which forwards the code analysis requests to the ASPA
back-end API.
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server/

ublic/

TA,*contains the React client butld*
src/

Lg,routes.js

index. js

Figure 9: Server directory structure

Client Component

The client component is developed using React and Material-UI libraries, providing a user-
friendly and responsive web interface for code analysis. The client’s folder structure is as
follows:

client/
| _build/
*contains the production dbuild that will be transferred to the
server*
| _public/
*branding assets etc.*
| _src/
components/
AnalysisForm. js
AnalysisResults. js
App.css
App.js
index.css
index. js

Figure 10: Client directory structure

The main components of the client are the AnalysisForm, which allows users to select the
desired analysis options and upload their Python code file, and the AnalysisResults, which
displays the results of the code analysis. The App.js file serves ostensibly as the main entry
point of the application, rendering the components and managing the state of the analysis

results.

API Component

The API component is built using Flask and contains the core functionality of the original
ASPA. It is extended to handle web-based analysis requests and format the results for the web
interface. The API’s folder structure remains similar to the original ASPA, with the addition

of a server.py file and a user_files folder for temporary file storage.
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In Figure 11, the component interaction diagram of the client, server, and the API will be

shown.

«person»

Client
[React, Material-Ul]
User Provides a user-friendly web

SRR 6 G R EED interface for code analysis

i
I

I

I

I

I
-
! «container»

I

I

|

I

I

I

I

1

,,,,,,,,,,,,,,,,,

«external_system»

Launches the ASPA artefact
via LTI 1.3

-2

—

Moodle LMS —

ASPA Artefact
[System]

«container»
Sends

results
[JSON]

I
I

I

I

I

I

I

Returns analysis I

«container» results :

T Server !
Sends code analysis [Express.js, Node.js] !
requests ‘

___ [APIcalls] ‘
ine Av I
1

I

[jSON] [Flask, Python]
Forwards code
analysis requests

[API calls]
Plcalls]

Performs code analysis and
formats results for the web
interface

_— Handles LTl integration, |~
authentication, and routing

Launches ASPA via
LTI 1.

Figure 11: The interaction between the server, client, and API components

4.3.3 Containerisation

To ensure a consistent and reproducible deployment environment, the ASPA artefact is con-

tainerised using systemd on Linux. The system consists of several containers, each serving

a specific purpose:

* Reverse Proxy (nginx): Listens to https traffic and forwards requests to the LTI server.

» LTI Server (Express.js): Handles authentication using LTI 1.3 and provides routes for

the client application.

» API (Flask): Handles code analysis requests.

» Database (MongoDB): Stores session information and user analytics data.

» SSH Server: Allows administrators to perform maintenance tasks using SSH key pair

authentication.

User

Uses the system via HTTPS

Does maintenance work via

SSH key pair authentication

ASPA Instance
[Container]

Figure 12: The production system containers and their interactions

The containerisation approach simplifies the deployment process and ensures that the ASPA

artefact can be easily scaled and maintained in a production environment.

22



4.4 Integration to Moodle

The integration of the new ASPA artefact with Moodle is achieved using the LTI 1.3 standard.
LTI 1.3 provides a secure and seamless way to connect the ASPA instance with the Moodle

course page. The integration process involves the following steps:
1. Adding the ASPA instance as an external tool at the course level in Moodle.

2. Configuring the tool settings, including the tool URL, client ID, public keyset, initiation
login URL, and redirection URIs.

3. Registering the Moodle platform in the ASPA server instance using the client ID and

other relevant information.

4. Launching the ASPA instance from the Moodle course page, which initiates the LTI

authentication flow and redirects the user to the ASPA web interface.

.y
>

Create LTI resource link

' Click LTI resource link

Redirect browser to Moodle for authentication

<
<

GET/POST authentication request

alidate request

Redirect authentication response to ASPA

POST authentication response (id_token, state)
>

Validate authentication response

Display ASPA web interface

<
<
Select analysis options and upload Python code _

>

Perform code analysis

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| Display analysis results
|

|
|
|
|
|
|
I
|
|
|
|
|
3!
>
|
|
|
|
|
|
I
|
|
|
|
|
|
|
|
|

<
<

Figure 13: The OpenlD data flow between Moodle, User and ASPA instance
The LTI integration ensures a secure and authenticated communication between Moodle and

the ASPA instance as shown in Figure 13, allowing students to access the code analysis tool

directly from the course page without the need for separate login credentials.
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4.5 Summary

In summary, the design and development of the new ASPA artefact follow a structured ap-
proach, leveraging the MVVM architectural pattern and modern web technologies to create

a modular, maintainable, and user-friendly solution.

The containerisation of the artefact ensures a consistent and reproducible deployment envi-
ronment, while the integration with Moodle via LTI 1.3 enables a seamless and secure user
experience, enhancing the accessibility and usability of the code analysis tool for students in
the CS1 course.
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S RESULTS

This chapter presents the outcomes of the demonstration and evaluation of the Moodle-LT1I-
ASPA artefact, which was developed using modern web technologies. This chapter is divided
into two main sections: Artefact demonstration and Artefact evaluation.

5.1 Artefact demonstration

The ASPA artefact was demonstrated as a real-life case during a meeting with stakeholders
at LUT University. The demonstration, conducted in a production environment following
Figure 12 and Figure 13, covered the entire process, starting from clicking the activity link
on a Moodle Test Course page to receiving the analysis results from ASPA. This compre-
hensive demonstration allowed stakeholders to witness the artefact’s functionality and user

experience firsthand.

During the demonstration, all components of the ASPA artefact were tested, including the
client, server, and API. The artefact performed as expected, showcasing its ability to inte-
grate seamlessly with Moodle using LTI and deliver code analysis results to users through a

modern, responsive, and user-friendly interface as shown in Figure 14.

ASPA Version 0.0.2

function file_handling data_structure library exception_handling

keskiarvolaskuri py ANALYZE

Analysis Results

Subprograms, Style violations detected, please see Annex 5 ‘Subprograms’:

Exception handling, style vi 5 de d, please see Annex 5 ‘Exceptions”:

Figure 14: ASPA artefact’s user interface during the demonstration
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The successful demonstration of the ASPA artefact served as a proof of concept, validating
the design and development decisions made during the implementation phase. It also pro-
vided stakeholders with a tangible understanding of the artefact’s potential to enhance the
CS1 course’s learning experience by providing students with an accessible and intuitive code
analysis tool directly within the Moodle LMS.

5.2 Artefact evaluation

The evaluation of the ASPA artefact focused primarily on its effectiveness in solving the
explicated problem, which was to provide a web-based, LTI-integrated code analysis tool
for the CS1 course at LUT University. A comprehensive comparison to existing solutions
or involvement of students in the testing and feedback process will be left out for further

research.

Formative evaluation approach was used in the development of the artefact, with continuous
integration and development throughout the implementation phase. The evaluation strategy
employed a combination of ex ante and ex post methods, including informed arguments and

user testing, as seen in Table 6.

Table 6: The evaluation goals, strategies, and methods used for the ASPA artefact

Evaluation Goals Evaluation Strategies Evaluation Methods

Effectiveness in solving the | Ex ante and ex post Informed arguments, user

explicated problem testing, stakeholder feed-
back

Fulfillment of the given re- | Formative evaluation Experiments, observations

quirements

Comparison to existing so- | Naturalistic evaluation Stakeholder feedback, ob-

lutions (planned for future) servations

Investigation of side effects | Artificial evaluation Experiments, observations

(planned for future)

5.2.1 Solving the explicated problem

The primary goal of the ASPA artefact was to provide a web-based, LTI-integrated code anal-
ysis tool for the CS1 course at LUT University. The successful demonstration of the artefact,
as described in the previous section, showcased its ability to integrate seamlessly with Moo-
dle using LTI and deliver code analysis results to users through a modern, responsive, and

user-friendly interface.

The artefact’s effectiveness in solving the explicated problem was evident from its ability to:

26



* Provide students with an accessible and intuitive up-to-date code analysis tool directly
within the Moodle LMS

* Perform code analysis on student submissions and present the results in a clear and

understandable manner

* Enhance the CS1 course’s learning experience by providing a way for collecting user

analytics data

The positive feedback received from stakeholders during the demonstration further validates
the artefact’s effectiveness in addressing the identified problem. The course staff’s satisfac-
tion with the working MVP and the limited number of questions asked indicate that the ASPA

artefact met their expectations for a web-based code analysis tool integrated with Moodle.

5.2.2 Evaluation against requirements

As shown in Table 7, the ASPA artefact successfully achieved most of the defined require-
ments, including every high-priority one, demonstrating its effectiveness in addressing the
core problem. However, some planned features, such as storing user analytics data and sup-

porting localisation, were not yet included in the initial version.

Table 7: Assessment of ASPA artefact against defined requirements

Requirement Achieved
Contains the core functionality of the original ASPA

Fulfils the 1EdTech Security Framework standards (LTT)
Provides a user-friendly web interface for code analysis
Allows students to submit code for analysis without limitations
Stores user analytics data

Enables course staff to update ASPA remotely

Follows a modular architecture using MVVM

Uses modern web technologies (MERN stack)

Integrates seamlessly with Moodle via LTI

Ensures data privacy and security

Supports localisation

R BN AN RN ENEIENENENEN

It is worth highlighting that the unachieved features are not due to technical reasons. These
features are identified as future enhancements to further improve the artefact’s functionality
and usability.

5.2.3 Stakeholder feedback and observations

During the demonstration meeting with stakeholders, the course staft’s reactions and feed-

back were observed and recorded. The stakeholders expressed interest and satisfaction with
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the working MVP. The modern, responsive, and visually appealing GUI of the ASPA artefact

also received positive feedback from the course staff.

The ASPA artefact effectively addressed their expectations and requirements for a web-based,
LTI-integrated code analysis tool. The successful demonstration and favourable reception of
the artefact validate the design and development decisions made during the implementation

phase. Due to this, the development of ASPA will be continued.

5.2.4 Future work

As previously stated, the evaluation did not include a comprehensive comparison to existing
solutions or an in-depth investigation of potential side effects. Additionally, the evaluation
process highlights the need for further involvement of students in the testing and feedback
process to gather insights into the artefact’s effectiveness in supporting their learning expe-

rience and identifying areas for improvement.

As the project progresses, the planned enhancements and the inclusion of students in the
evaluation process will contribute to a more comprehensive assessment of the artefact’s ef-
fectiveness and its impact on the learning outcomes of the CS1 course. The insights gained
from this initial evaluation will guide the future development and iteration of the ASPA arte-
fact, ensuring its continued alignment with the needs and expectations of both students and

course staff.

Table 8: Overview of the planned future enhancements and evaluation activities for the ASPA
artefact

Planned Enhancements Evaluation Activities

Saving analytics data to storage Implement feature and test functionality,
performance, and data integrity

Supporting localisation Implement language support, test user in-
terface and content accuracy in different
languages

Involving students in testing and feedback | Conduct user studies, surveys, and inter-

process views to gather student feedback and in-
sights

Investigating side effects of artefact usage | Design and execute experiments to iden-
tify potential unintended consequences or
impacts on learning outcomes
Comparing artefact to existing solutions | Perform comparative analysis of features,
(if applicable) performance, and user experience with
similar tools

Iterative refinement based on evaluation | Analyse evaluation data, prioritise im-
results provements, and implement changes in
subsequent development cycles
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6 DISCUSSION

In this chapter, the aims of this thesis will be rehearsed, and the implications of the research
findings will be discussed in detail. At last, recommendations for educators and researchers
will be made to promote the adoption of web-based, LTI-integrated tools like ASPA in pro-

gramming COUurses.

6.1 Addressing the research questions

This study aimed to investigate how modern web technologies, interfaces, and models can
be used to develop a new web-based version of ASPA and integrate it into the Moodle LMS

using LTI. The research questions guiding this study were:
1. How to integrate own software into Moodle using LTI?
2. How can modern web development enhance existing software?

The results of the study demonstrate that the developed ASPA artefact successfully integrates
with Moodle using LTI 1.3 and provides a user-friendly, responsive, and visually appeal-
ing interface for code analysis, which was expected. The artefact’s performance during the
demonstration and the positive feedback received from stakeholders suggest that it has the
potential to effectively address the identified problems and enhance the learning experience
of students in the CS1 course at LUT University. These findings, especially Chapter 4, di-
rectly address the research questions, showing that LTI can be effectively used to integrate
own software into Moodle, and modern web development can significantly enhance existing

educational software.

6.2 Alignment with existing research

While there is limited research specifically focusing on the integration of code analysis tools
into LMSs using LTI, the findings of this study align with the general trends and benefits of
utilising modern web technologies and interoperability standards in educational contexts. As
mentioned in Chapter 2, there have been successful integrations of specialised learning tools
with Moodle using LTI, highlighting the potential for seamless and secure data transfer, easy

user management, and enhanced functionality.

The results of this study contribute to this body of knowledge, providing a special case of

a successful LTI integration and modern web technology application in the context of pro-
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gramming education. These papers emphasise how it’s important to have compatible and
well-integrated educational tools paving the way for new ideas to improve learning by using

technologies such as LTI.

6.3 Implications for programming education

The results of this study have many implications for the education sector, especially in the
context of programming courses. The successful development and integration of the ASPA
artefact suggest that similar approaches can be applied to other educational tools and plat-

forms as well, enabling a more elegant and appealing learning experience for students.

Moreover, the adoption of web-based, LTI-integrated tools like ASPA could contribute to the
improvement of programming education and the development of students’ coding abilities.

However, future research will have to be done to confirm these implications.

6.4 Limitations and future research

The evaluation of the ASPA artefact focused primarily on its effectiveness in solving the
explicated problem and did not include a comprehensive comparison to existing solutions
or an in-depth investigation of potential side effects. Furthermore, the lack of students’ in-
volvement in the testing and feedback process may affect the generalisability of the results.
However, this does not come as a surprise since the objective of the thesis was mainly to

provide a successful proof of concept of new web-based ASPA.

To further validate the findings, future research should involve a more extensive evaluation
of the ASPA artefact, including a comparison with similar tools and a thorough examina-
tion of its impact on student learning outcomes. The inclusion of students in the evaluation
process is pivotal in order to gather insights into their user experience and identify areas for
improvement. Furthermore, investigating the potential side effects of using the artefact, such
as its influence on students’ problem-solving strategies or code quality, would provide a more

comprehensive understanding of its implications.

6.5 Recommendations for educators and researchers

Based on the findings of this study, several recommendations can be made for institutions
and educators involved in programming courses. First of all, the adoption of web-based,
LTI-integrated tools like ASPA should be considered as a course of action to enhance the
learning experience and provide students with accessible and user-friendly tools, e.g., for

code analysis and feedback, like in this case. Moreover, the development of similar tools
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for other programming languages and contexts could further support the improvement of

education across various programming courses.

For researchers and professionals in the field of educational technology, this thesis highlights
the importance of utilising modern web technologies and interoperability standards to create
seamless, secure, and engaging learning experiences. Future research should explore the
application of these approaches to other educational tools and platforms, as well as investigate

the long-term impact of such integrations on student learning outcomes.
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7 CONCLUSION

This thesis aimed to integrate ASPA into the Moodle LMS using modern web technologies

and LTI. The research questions of the thesis were:
1. How to integrate own software into Moodle using LTI?
2. How can modern web development enhance existing software?

The developed ASPA artefact integrated successfully with Moodle using LTI 1.3 and pro-
vided a user-friendly, responsive, and visually appealing user interface for code analysis.
The artefact’s performance during the demonstration and the positive feedback from stake-
holders indicate, that it effectively addresses the excplicated problems and has the potential
to enhance the learning experience of students in the Ohjelmoinnin Perusteet (CS1) course
at LUT University.

The adoption of web-based, LTI-integrated tools like ASPA should be considered to provide
students with accessible, user-friendly resources for code analysis and feedback. The devel-
opment of similar tools for other programming languages and contexts, could further support

the improvement of programming education across various programming COurses.

The findings of this study align with the general trends and benefits of utilising modern web
technologies and interoperability standards in educational contexts. The successful integra-
tion of ASPA with Moodle using LTI contributes to the body of knowledge on the application

of these technologies in enhancing educational software and learning experiences.

However, the study had limitations, such as the lack of a comprehensive comparison to ex-
isting solutions, lack of an in-depth investigation of potential side effects, and no student in-
volvement in the testing and feedback process. Thus, future research should involve a more
extensive evaluation of the ASPA artefact, including comparisons with similar tools, exami-
nation of its impact on student learning outcomes, and student participation in the evaluation

process.

In conclusion, the LTI-Moodle integration of ASPA using modern web technologies demon-
strates the potential for enhancing programming education through the development and inte-
gration of accessible and user-friendly code analysis tools. Since the results of this study were
promising, the development process will be continued and further research will be made. By

continuing to explore and refine the artefact, the education sector can work towards providing
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students with the tools and resources needed to develop their programming skills and succeed

in an increasingly digital world.
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