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Abstract

This thesis deals with the development and the integration of a chatbot for Catrobat,
that aims to improve the accessibility and the engagement of the Catrobat Wiki.
Catrobat is an educational platform that intends to teach its users programming
through the development of mobile apps. The thesis has several main objectives,
including the development of a simple chatbot that is capable to understand and
respond to user queries, the evaluation of different types of chatbots and also differ-
ent NLP models for the implementation of the chatbot and finally the integration
of the chatbot into the Catrobat ecosystem.

It starts with a detailed overview of the Catrobat project and the respective platforms
necessary for the chatbot creation. Afterwards an overview of chatbot technologies
is given, discussing their advantages as well as their disadvantages and their suit-
ability for the educational context. Different types of chatbots, including rule-based,
retrieval-based and generative models, are explored in order to determine the most
effective and fitting approach for the Catrobat Wiki. The thesis is discussing the
strengths of chatbots, which are driven by Al, especially those that make use of ad-
vanced NLP techniques in order to create dynamic and interactive user experiences.

In order to obtain the required data from the Catrobat Wiki for the chatbot, a
custom data scraping tool was developed using Python. This scraper navigates
through the structure of the Wiki, it retrieves the relevant content and organizes it
into a structured data set using JSON. The challenges which occured with other
data export methods, such as the limited and unfitting file formats and also the
need for continuous changes and updates in the dataset, were addressed by the
custom scraper to be more flexible. This enabled an efficient data collection and
ensured that the chatbot always has access to up-to-date information, whenever
something is added or changed in the Wiki.

The development process of the chatbot involved the creation of prototypes using
two main approaches, a retrieval-based model using TF-IDF to find matching results
and a generative model using the OpenAl API. The TF-IDF prototype focused on
retrieving relevant texts based on query similarity, while the generative model is
generating text responses that could stem from a human.

The technical architecture of the chatbot was designed to be able to be integrated
seamlessly into the Catrobat Share Platform. The chatbot consists of a frontend
interface, a backend server and a server handling the logic for the chatbot as well
as making calls to the external OpenAl API The user interface was designed to be
simple and accessible, by sticking to a similar interface seen with Open Al’s Chat



GPT or other related services, to meet the needs of the target group which mostly
consists of young learners. The frontend was developed using HTML and the
template engine Twig, to handle user interactions, while the backend is done with
PHP and the logic for the chatbot is running on a Python server, which processes
queries and generates the responses. By integrating the chatbot on the Catrobat
Share Platform and therefore into the Catrobat ecosystem, users can receive support
in a more intuitive way than with a traditional Wiki or FAQ.

Several limitations have been encountered, which include the scope of data scraping
as well as the reliance of the chatbot on an external API. It is recommended to
further work on this in the future to expand on the data covered by the scraper,
explore different and more powerful models for the chatbot, conduct user testing
and find ways to incorporate some form of gamification elements to further improve
the user engagement.

Finally, this thesis presents an investigation of the development and implementation
of a chatbot for the Catrobat Wiki. The results highlight the transformative potential
of chatbot technology in the educational context and provide important insights for
future innovations aimed at empowering young learners through interactive and
personalized learning experiences.

Vi
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1 Introduction

1.1 Background

In today’s world, which is characterized by rapid advancements in the digital
domain, technology is playing an increasingly significant role in the way we learn
and how we interact and access information (Purdue-University, 2024). Educa-
tional institutions and initiatives around the world are using the power of new
technologies to enable a more democratic access to learning opportunities and to
promote creativity and critical thinking for learners of all ages (National-Public-
School-Vidyaranyapura, 2024).

The use of digital tools and platforms has made it possible to reach new levels of
collaboration and an exchange of knowledge that is able to transcend geographical
boundaries. One such initiative is the Catrobat project, especially aimed at empow-
ering children and young adults to become creators of technology on their own,
through the development of mobile apps. (“Catrobat,” 2024a)

The Catrobat project, which was founded about 13 years ago by the Graz Uni-
versity of Technology, has gathered international recognition for its innovative
approach to teaching programming. By providing children as well as young adults
with an intuitive visual programming language and a supportive online community,
Catrobat enables young learners to design, create and share their own mobile appli-
cations in a playful manner. (“Catrobat,” 2024a) One part of the Catrobat ecosystem
is its Wiki, a repository of knowledge and resources designed to support and help
children or learners of different ages during their app development journey. The
Wiki is a source of knowledge that provides a vast amount of information, including
a detailed breakdown of the available programming bricks and their respective
functions. It also offers a wealth of tutorials that provide step-by-step instructions
for developing mobile applications with Catrobat. If one is stuck with a problem or
wants to find out what functions are available in Catrobat, there is no way around
its Wiki. (“Catrobat-Wiki,” 2024a)
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1.2 Problem Statement

Even though the Catrobat project is very succesful and has a variety of remarkable
achievements, there are still challenges concerning the accessibility and the engage-
ment of the projects educational content, in particular the Catrobat Wiki. While
the Wiki offers a large amount of information and tutorials, its current format may
not fully resonate with its target audience of young learners. Traditional FAQs or
Wikis, while they are informative and proven to be a good solution, often lack the
interactive and engaging elements which are necessary to get the attention of users
and sustain their interest in the learning process, especially for younger people.
(Han & Lee, 2022)

When considering these challenges, it is necessary to explore new and innova-
tive approaches to enhance the learning experience within the Catrobat ecosystem.
By making use of new technologies such as chatbots, it may be possible to develop
an interactive and personalized learning tool that not only caters to the specific
needs and preferences of young learners but could also potentially replace the Wiki,
which is hosted on an external service, in the future. The chatbot can be a great way
to simplify the learning process and offer quick help to students stumbling upon
problems during their coding journey with Pocket Code or other Apps related to
Catrobat.

1.3 Objectives

The main objective of this thesis is to develop and evaluate a chatbot solution which
is enhancing the Catrobat Wiki, with the overarching aim of improving accessibility
and engagement for its young users. Even though a wealth of information is
available on the Catrobat Wiki and users might be able to find a solution to their
specific problem, navigating this repository can be quite challenging or annoying
for users, especially if they are stuck on a concrete problem where they might
not know how to start looking for a solution. A chatbot that is integrated into the
Catrobat ecosystem may be able to simplify the access to the information in the
Wiki and therefore to make the learning process more engaging and efficient. This
thesis, therefore aims to achieve the following objectives:

1. Develop a Chatbot that is able to Understand and Respond to User Queries
and how to integrate it into the Catrobat ecosystem:
The primary objective of this thesis is to implement a chatbot that can under-
stand natural language queries posed by users and afterwards reply with the
relevant information and offer assistance within the context of the Catrobat
Wiki. Achieving this, involves finding the right type of chatbot to use, gather-
ing the necessary data from the Wiki and further instructing a generative Al
chatbot to only answer Catrobat related questions. The goal is that the chatbot
is able to recognize and interpret a wide range of user questions related to
Catrobat like programming bricks, their functions and usage examples. The
chatbot will use natural language processing techniques to deliver accurate
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and contextually accurate responses. This will help users to quickly find
answers to their questions without having to navigate through the complex
menus or search results of the Wiki and therefore enhance their overall expe-
rience.

2. Compare and Evaluate Different Chatbot Types and compare different NLP
models:
To ensure the effectiveness of the chatbot, this thesis will explore and compare
various types of chatbots. It will discuss their advantages and disadvantages
and their suitability to be used in the context of the catrobat project. Also,
for the retrieval-based chatbot, different NLP models will be evaluated and
explained to find the most suitable solution for the Catrobat chatbot.

3. How Can Using a Chatbot Affect the Accessibility and the Engagement of
a Wiki for Its Target Audience?
Another objective of this thesis is to evaluate how chatbots can influence the
accessibility and engagement of Wikis for their respective target audience.
This assessment will be based on a review of existing literature, case studies
and analysis of data from different educational initiatives that have integrated
chatbot technology. This involves examining how chatbots improve the ability
of users to efficiently find their desired information. Therefore it will be
analysed how chatbots streamline navigation and reduce the time required
to locate specific content within the Wiki. Furthermore, the overall user
satisfaction with Wikis that incorporate chatbots will be evaluated. Lastly, it
will be explored how chatbots make Wiki content more accessible to a wide
variety of users, including individuals with unique or different learning needs
and preferences. This also encompasses the examination of how chatbots can
support personalized learning paths and provide immediate assistance.

The thesis seeks to provide an understanding of how chatbots can improve the
accessibility and engagement of traditional Wikis by examining these objectives.
Moreover, this thesis will highlight best practices, identify potential challenges and
also suggest areas where further improvement can be achieved. Therefore it is also
contributing useful insights into the usage of chatbot technology in educational
applications.
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1.4 Significance of the Research

This thesis aims to find useful insights into the possibilities of chatbot technology to
enhance educational platforms like Catrobat and make the learning experience even
more interactive than it already is, by addressing the aforementioned objectives.
The development and evaluation of a chatbot for the Catrobat Wiki represents an
effort to use Al-driven solutions to enhance digital literacy as well as programming
skills among young learners. This thesis has several significant implications:

One of the main contributions of this thesis is to try to enhance engagement
in the educational domain. Conventional educational resources are often not able
to capture and maintain the attention of its users, which is especially relevant in
the context of self-guided and interactive learning environments. By integrating
a chatbot into the Catrobat Wiki, the thesis aims to create a more interactive and
engaging learning platform. The ability of a chatbot to offer instant and personal-
ized support has the potential to make the learning process more engaging and
enjoyable. This can further encourage children to spend more time exploring and
learning within the platform. (Bocian, 2024)

Furthermore, accessibility is a critical issue concerning educational technology,
particularly for platforms aimed at young users who may have varying levels of
digital literacy. This thesis seeks to show how a chatbot can bridge these accessibility
gaps by offering intuitive and user-friendly support. The chatbot can help users
navigate the Catrobat environment more efficiently and therefore also reducing the
overhead which is associated with searching for information and enable learners of
all backgrounds to access educational content more easily.

The ability of the chatbot to provide answers in real-time and guidance supports
the concept of self-directed learning, where students themselves are responsible for
their educational journey (Ali et al., 2023). This thesis also considers the importance
of creating tools that empower learners to seek out information on their own, solve
problems and directly apply their newly gathered knowledge. The chatbot can
significantly contribute to the development of critical thinking and problem-solving
skills in children by making it easier for them to find the answers they need and by
encouraging them to explore the topic further. These skills are essential to become
successful in the digital age.



2 The Catrobat Project and its Share
Platform

2.1 Overview of the Catrobat Project

The Catrobat project is a non-profit Open Source initiative that aims to bring
children as well as young adults to become creators of technology through the
development of mobile apps. It has more than 1100 contributors so far, a presence
in more than 180 countries and it also supports millions of users in over 6o different
languages. Catrobat, founded in 2010 by the Graz University of Technology in
Austria, has gained international recognition for its innovative approach to pro-
gramming education. The project aims to bridge the gap between consumers and
creators of technology, by providing young learners with the tools and also the
knowledge they need to create and share their own mobile applications. (“Catro-
bat,” 2024b)

The mission of the Catrobat project is to democratize the access to programming
education, by making it accessible to users of all ages and especially to children
worldwide. Through fostering creativity, critical thinking and problem-solving
skills, Catrobat aims to provide the upcoming generation with the skills that are
required in a technology-driven world. The vision of the project is to create a global
community of young coders who are not just users of technology but active creators
and innovators. (“Catrobat,” 2024b)

Important Components of Catrobat

¢ Pocket Code: At the center of the Catrobat project is Pocket Code, a mobile
app which is available for all common mobile operating systems, that allows
users to create games, animations, interactive stories and various other types
of apps directly on their smartphones or tablets. Pocket Code uses a visual
programming language which is quite similar to the also popular ,Scratch”
programming language (“Scratch,” 2024) which makes it accessible to begin-
ners while it is still powerful enough for more advanced projects. It uses a
drag-and-drop interface which simplifies the coding process, allowing users
to focus on creativity, experimentation and the final result rather than getting
overwhelmed by the complex syntax of traditional programming languages.

¢ Wiki: The Catrobat Wiki provides a vast amount of educational resources to
support the learners of all different ages. These resources include tutorials,
example projects and information about the specifics of the programming
language. It is designed to help users get started with Pocket Code and
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improve their programming skills. The resources are available in multiple
languages, therefore showing Catrobat’s commitment to global accessibility.
(“Catrobat-Wiki,” 2024b)

¢ Catrobat Share: Catrobat has a vibrant online community where users can
share their projects, collaborate on new ideas and provide feedback to each
other. This community aspect is a key component of the project’s success, as it
encourages collaborative learning and provides a platform for young coders
to showcase their work to others. (“Catrobat-Share,” 2024)

The global outreach efforts of Catrobat have been important in spreading its
mission to diverse regions around the world. The Catrobat project collaborates with
schools, educational institutions and non-profit organizations to integrate Pocket
Code into their curricula. These collaborations have further enabled Catrobat to
reach communities which are underserved regarding programming education and
provide opportunities for children who might otherwise not have access to resources
to learn programming.

2.2 The Share Platform (Catroweb)

The Share Platform of Catrobat is the dedicated place for sharing projects which
have been created with Pocket Code. It further serves as an online hub for the
Catrobat community, which enables users to upload their creations and explore
projects from other users. Further not only whole projects can be shared but the
Share Platform also has a media library included. There users can find and use
previously created sounds, backgrounds and many more in their program. The
Share Platform is an essential component of the Catrobat ecosystem since it sup-
ports the project’s mission to give more people access to technology and also to
create a global community of young coders. (“Catrobat-Share,” 2024)

Relevant Technical Infrastructure

The Share Platform is built by using the programming language PHP and the
Symfony framework, which provides a robust and scalable foundation for the
platform and also offers a beginner-friendly entry for new students developing for
the Share Platform. The use of Symfony ensures that the platform is performant and
provides a great user experience. The Catrobat Share Platform is mostly developed
and maintained by a team of students, studying at Graz University of Technology.

The platform uses a relational database management system (MYSQL) to store
and manage the user data, project files and other necessary information. Further,
the platform uses twig as a template engine, which makes it easy to create user
interfaces for the platform.
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Some of the most important features of the Catrobat Share Platform are:

* Project Upload and Sharing: Users can easily upload their Pocket Code
projects to the Share Platform, where they can further be shared with the
whole Catrobat community. Moreover users can also download projects cre-
ated by other users. The platform supports various project types including
games, animations and interactive stories and enables users to describe and
categorize their projects such that they can be easier discovered.

¢ Search and Discovery: Catroweb features a search engine that allows users to
find projects based on keywords, categories and other criteria. The main page
features categories like ,most downloaded”, ,trending projects”, etc., which
makes it easy for users to find successful or very popular projects. Users can
get inspired by looking at projects created by other people.

¢ User Profiles and Social Interaction: Each user on the Share Platform has a
profile where they can showcase their projects, achievements and contribu-
tions to the Catrobat community. The platform supports social interactions,
such as commenting on projects, following other users and participating
in discussions. These features foster a sense of community and encourage
collaborative learning.

* Integration of other Resources: The Share platform is designed to be an
educational resource as well as a sharing platform. It includes integration
with educational content, namely the Wiki where users can find things such
as tutorials that guide them through the process of creating and improving
their projects. (“Catrobat-Share,” 2024)
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Figure 2.1: Screenshot of the Catrobat Share Platform Homepage

To integrate the Catrobat chatbot prototype into the Catrobat Share Platform was a
strategic decision which aims to enhance the user experience and to optimize the
information gathering process for the users. As already stated, the Catrobat Share
Platform serves as a central hub where users can share projects, seek assistance and
engage with the community. Meanwhile, the Catrobat Wiki, which is hosted on an
external service (XWiki), serves as a repository of documentation and information
about the platform. Considering this, both, the Share Platform as well as the Wiki,
would be appropriate places to integrate the new chatbot. However, since the Wiki
is hosted on an external service I do not have access to the codebase, implementing
a custom chatbot directly in the Wiki is not possible. The decision was made to
implement the chatbot on the Share Platform. By embedding the chatbot within
the Share Platform rather than the Wiki, several significant benefits can be realized.
Further the Wiki is also linked under ,Help & Tutorials” on the Share Platform, so
the Share Platform often serves as an entry point to the Wiki.

Integrating the chatbot directly into the Catrobat Share Platform provides a unified
access point for all users. Instead of having to navigate away from the platform to
the external Wiki for information, users can access the knowledge base by posing
queries to the chatbot without leaving the site. This enables to streamline the user
journey, enhancing the convenience.
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The Share Platform is a dynamic environment where users interact frequently,
whether they are uploading projects, exploring the work of others, or are engaging
in discussions. By placing the chatbot in this high-traffic area, users are more likely
to use it, which will lead to higher levels of engagement. Additionaly, the chatbot
can provide instant answers to queries, offer guidance and even suggest resources,
thereby enriching the overall user experience.

The chatbot’s presence on the Share Platform further allows for real-time assistance.
Users currently working on projects and encountering issues can immediately ask
the chatbot for help anc continue with their work. This immediate feedback loop
can help to increase the user satisfaction and to foster a supportive community
environment.

Given that the Share Platform is where users create and interact with projects,
the chatbot can offer context-specific assistance. For instance, if a user encounters a
specific problem while working on a project, the chatbot can provide targeted help
based on the project’s context, drawing from the extensive knowledge base in the
Wiki.



3 The Catrobat Wiki

The Catrobat Wiki is a supportive online resource for the Catrobat project. The Wiki
serves as the central repository of information regarding the Catrobat ecosystem.
It is providing documentation, tutorials, guides and other educational materials.
These resources are crucial for users participating in the Catrobat environment,
especially for those working with the app Pocket code, which is the core component
of the Catrobat project.

The main purpose of the Catrobat Wiki is to offer support to users and pro-
vide them with all the information they need when coding with Pocket Code. It is
organised into four main categories to ensure that information is easily accessible:

1. Educational Resources: This section contains various information on different
projects and tutorials. One project worth mentioning is the Code’n” Stitch
Project, which provides embroidery tutorials that allows users to create de-
signs for embroidery machines. You will also find the brick documentation
for the Catrobat visual programming language, templates and other tutorials
to make learning easier in this section.

2. Documentation & Help: The Documentation & Help section is the main focus
for the chatbot development in this work. This section contains a wealth of
information, including detailed documentation of the building bricks, the for-
mula editor, tutorials on the functions, beginner’s courses and information on
game design. This is relevant for all users, whether they want to understand
the basics or learn something about the more advanced functions of Pocket
Code.

3. Formula Editor: This category provides detailed explanations of how to use
the formula editor, It covers topics from basic calculations and functions to
logic and also data manipulation. It serves as an important tool for users who
need to understand how to use the formula editor effectively in their projects.

4. About Catrobat: The About Catrobat section provides general information
about the Catrobat project, its mission, its goals and the motivation behind it.
This helps users understand the broader context and purpose of the Catrobat
initiative.

The most important section for the chatbot prototype is the ‘Brick Documentation’,
which can be found in the Documentation & Help category. This section provides
detailed explanations for each of the bricks available in Pocket Code. These bricks
are the main components used to create applications with Pocket Code.

10
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The focus on the Brick Documentation was essential for two reasons:

¢ Core Components: The bricks documented here are the primary building
blocks of any app created with Pocket Code. Understanding these building
blocks is crucial for users to effectively develop their projects.

* Scope: Given the huge number of resources published on the Wiki, it was
necessary to keep the focus on a manageable scope. Scraping every resource
and converting it into a format suitable for the chatbot would have been
beyond the scope of this work. Prioritizing the brick documentation therefore
enabled a more targeted and practical implementation.

The Brick Documentation is organized into several different categories to make it
easier for users to find the information they need. These categories include:

¢ Event Bricks: Bricks that process events, e.g. when a program starts or when
a certain condition is met.

¢ Control Bricks: Bricks that control the flow of the program, such as loops and
conditions. An example is the if brick, which implements conditional logic
(e.g., if 1 < 2 is true, then execute a certain action).

* Motion Bricks: Bricks that control the movement of objects within the app.

* Sound Bricks: Bricks that handle sound operations, such as playing a sound
or adjusting volume.

* Looks Bricks: Bricks that manage the appearance of objects, such as changing
costumes or colors.

Each category contains specific bricks with detailed explanations of their functional-
ity and use. This approach of structuring the information helps users to quickly find
the bricks they need and understand how to use them effectively in their projects.

The Wiki will serve as the knowledge base for the new chatbot, since it contains all
the relevant information for users working in the Catrobat ecosystem. By focusing
on the brick documentation, the chatbot can provide users with instant and relevant
information about the various programming bricks that are available in Pocket
Code. This interaction ensures that users can quickly clarify their questions and
continue to develop their projects without major interruptions.

The Catrobat Wiki is an important resource for users of the Catrobat project,

especially those using Pocket Code. Its well-organised structure and comprehensive
content ensure that users have access to all the information they need for successful

11



3 The Catrobat Wiki

programming. By integrating a chatbot centred on brick documentation, the Catro-
bat Wiki will further enhance the user experience, making it easier for users to find
information and develop their skills effectively.
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4 Chatbots in the Educational Domain

Over the last years, the rise of digital technology has revolutionized many different
sectors, including education (Purdue-University, 2024). One of those revolutionizing
technologies are chatbots, which have significantly changed how content, also in
the educational domain, can be delivered and accessed by its users. Since Catrobat
is also an educational initiative, it is necessary to take a look at how chatbots are
used in this context. (Kuhail et al., 2023)

4.1 The Evolution of Educational Chatbots

Chatbots have come a long way since their beginnings as simple rule-based systems.
These so-called conversational agents have over time evolved into sophisticated
Al-driven tools which are capable of understanding and responding to natural
language requests posed by users. This ability is revolutionising the way students
can learn and interact with educational content. (Labadze et al., 2023)

The first chatbots and therefore also educational chatbots were rule-based chatbots.
These type of chatbot uses decision trees and also predefined scripts to guide the
interactions between the user and the chatbot. (Caballé, 2023)

Oftentimes these chatbots make use of regular expressions to match the users
input to a predefined response (codecademy, 2024). These chatbots can handle
specific and predictable tasks such as answering frequently asked questions (FAQs)
or providing basic tutoring in diverse subjects like mathematics and languages
or just mimic a conversation. For example, already in 1966, Joseph Weizenbaum
developed one of the first chatbots, called ELIZA, which simulated a Rogerian
psychotherapist. It was already able to give human-like responses to questions from
users. This early chatbot used a structured library where if a keyword was found
using pattern matching a predefined answer related to the topic of the keyword
was given as a response. (Mnasri, 2019) (Luber, 2024)

The development of Al and machine learning technologies has led to a signif-
icant leap in the development of chatbots in general and also for educational
chatbots. Techniques such as natural language processing, deep learning and neural
networks enabled chatbots to understand and respond to a broader range of queries
with more accuracy and more contextual relevance. (Labadze et al., 2023) This
provides a more engaging and personalized learning experience. One example is
AutoTutor, an intelligent tutoring system, which was developed in the late 1990s
which engages students in natural language conversations to help those students
learn about computer literacy, physics and critical thinking. AutoTutor uses Natural
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Language Processing to analyse student responses, to provide feedback and to
guide the conversation towards the learning objectives. (Graesser, 2016)

Modern educational chatbots often use hybrid approaches, which are a combi-
nation of rule-based and Al-driven methods. Combining these two methods allows
for the precision and reliability of rule-based systems while also incorporating the
adaptability and learning capabilities of Al based technologies (Ellen & Michaeli-
dou, 2024). For instance, a chatbot may use rule-based logic to handle common
queries and to answer things like frequently asked questions and Al to be able to
handle more complex, open-ended discussions. One example of a hybrid chatbot
is the Jill Watson system developed by Georgia Tech, which assists students in an
online course. Jill Watson uses Al to understand student questions and provide rel-
evant information, while also relying on a knowledge base of pre-written responses
for common queries. (Taneja et al., 2018)

As Al and ML technologies continue to advance and develop further, educational
chatbots are becoming increasingly more sophisticated and versatile. Chatbots are
now being used for a wide range of applications, such as tutoring, for assessment
and even for administrative tasks (Cherniak, 2024). They are also being integrated
into various educational platforms, including learning management systems, virtual
classrooms and mobile apps. Looking into the future, researchers are exploring
ways to make chatbots more personalized, adaptive and engaging. This includes
developing chatbots that can adapt their language and content to the learning styles
and preferences of individual students. Additionally, there is a growing interest to
make use of chatbots to support collaborative learning, where students can interact
with each other and with the chatbot to explore topics in depth. (Perihan, 2024)
Educational chatbots have evolved significantly from their humble beginnings as
rule-based systems. With the integration of Al and ML technologies, these con-
versational agents have become powerful tools for enhancing teaching as well as
learning.
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4.2 Applications of Chatbots in Education

Chatbots can be found in multiple, diverse applications across different educational
settings, starting from primary education to higher education and further also in
professional trainings.

Chatbots can provide one-on-one tutoring sessions which are tailored to the pace of
individual learners and their specific learning style. They can offer explanations, an-
swer specific questions, provide feedback and can also generate practical exercises.
For example, chatbots can effectively support personalized learning by adapting
their content and communication style to each student’s needs. (Winkler & Séllner,
2018)

Chatbots can engage learners in real-time conversations, helping them to practice
speaking, listening, reading and writing skills. They can provide instant corrections
and feedback, making the learning process more interactive and effective. There
is a lot of potential for chatbots in language learning, students can for example
just chat with a chatbot in a foreign language and experiment with it and also get
corrected if they do something wrong. There is also potential for teachers to monitor
their students progress. This can be achieved for example by using a service like
Jabberwacky, where a teacher can keep track of the conversations of students with
the chatbot. (Fryer, 2006)

Chatbots can assist students with enrolment processes, course selection, scheduling
and further accessing academic resources. By automating these routine tasks, chat-
bots have the ability to free up educators as well as administrative staff to focus
on more important aspects of education. This not only allows educators to have
more time for the more critical aspects of education but can also save educational
institutions a lot of money. (Bocian, 2024) (Sanz et al., 2024)

Chatbots are also being used to support the mental health and wellbeing of students.
They can provide a confidential and accessible platform for students to discuss their
concerns and receive guidance. Recent studies found that chatbots can effectively
support individuals with mental health issues by providing a non-judgmental and
always-available outlet for their concerns. (Kelliher, 2021) (Sanz et al., 2024)

Chatbots can help with collaborative learning by moderating group discussions,
managing collaborative projects and providing feedback. They can help to coordi-
nate group activities, to track progress and to ensure that all members contribute
effectively. Furthermore, chatbots can enhance collaborative learning by facilitat-
ing communication, coordination and knowledge sharing among group members.
(Burkhard et al., 2022)
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4.3 Benefits of Educational Chatbots

The adoption of chatbots in educational scenarios offers numerous benefits for
both learners as well as for teachers or educators. In the following some important
benefits are described.

Chatbots can provide a round-the-clock 24/7 access to educational support and
therefore not being dependent on time and/or location. Learners can interact with
chatbots at their convenience, whenever they need help and will receive immediate
assistance and information. This makes chatbots highly accessible and convenient,
because of their ability to provide support to students outside of traditional class-
room hours. (Sanz et al., 2024)

Chatbots can adapt their interactions with its users based on the needs of individual
learners, their preferences and the progress they make. This personalization helps
to address the diverse learning styles and paces of students, enhancing their engage-
ment and understanding. Personalized learning supported by chatbots can lead
to improved learning outcomes and increased student satisfaction. (Sanz et al., 2024)

Chatbots can handle conversations with multiple learners simultaneously, which
makes them highly scalable and more accessible. This scalability allows educational
institutions to provide consistent support to a large number of students without the
need for increases in staff, proportionate to the students. The scalability of chatbots
is a key advantage, enabling them to support a large number of students while
maintaining high levels of engagement and responsiveness. (Bocian, 2024)

Another of the key advantages of chatbots is that they are able to provide in-
stant feedback to its users. Immediate feedback helps learners to identify and
correct mistakes in real-time, e.g. if they are currently working on a task, reinforcing
their understanding and preventing the accumulation of misconceptions. Especially
concerning language learning, immediate feedback is very important and correc-
tions as well as suggestions in real time can help to improve a students language
skill. (Opeton, 2024)

Implementing chatbots can be a cost-effective solution for educational institu-
tions. By automating routine tasks and providing scalable support, chatbots can
reduce the need for additional staff and resources. The cost-effectiveness of chatbots
can make educational ressources of high quality available to a wider range of
learners and could further also improve the accesibility of educational ressources.
(Bocian, 2024)
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4.4 Challenges and Limitations

Despite the numerous benefits of implementing chatbots in the educational domain
as mentioned above, educational chatbots also face several challenges and limita-
tions. Some of the key challenges include:

Developing and maintaining educational chatbots involves various technical chal-
lenges. Ensuring accurate natural language understanding, handling diverse queries,
providing contextually appropriate responses and also keeping the content safe for
the target group, requires advanced and well trained Al and ML techniques. This
technical complexity of developing a chatbot can be a hinderance to the widespread
and adoption of chatbots in education. (Labadze et al., 2023)

Educational chatbots might handle sensitive information, which can include per-
sonal data and also academic records. To ensure the privacy of the data and security
it is important to protect information from users from unauthorized access and
data breaches. There is a need for robust data protection measures to build trust
and confidence among users with the chatbot. (Dialzara, 2024)

While chatbots can simulate human conversation, they often lack the ability to
fully understand and respond to the emotional nuances of human interactions.
Furthermore, the limited emotional understanding of chatbots can be a drawback
in applications such as mental health support, where empathy and emotional intel-
ligence are very crucial. (Cluelabs, 2023)

The performance of educational chatbots and chatbots in general is very depen-
dent on the quality and the comprehensiveness of the dataset they are trained on.
Incomplete or biased data can lead to inaccurate responses and affect the overall
effectiveness of the chatbot. There needs to be an emphasis on the importance of
high-quality training data, to ensure the accuracy as well as the reliability of an
educational chatbot. (Bawa, 2024)

Some teachers and students may be resistant to adopting chatbot technology due to
concerns about either its reliability, its effectiveness and also its potentially negative
impact on human interactions. Overcoming resistance to adoption is a key chal-
lenge in the implementation of educational chatbots, requiring clear communication
about their benefits and limitations. (University-of-Florida, 2024)
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4.5 Case Studies and Examples

To further illustrate the impact that chatbots have in the educational domain, several
case studies and examples of successful implementations will be presented.

* Duolingo:
Duolingo is a popular language learning platform, which also utilizes chat-
bots to help students with practicing their language skills. The chatbots of
Duolingo like Duolingo Max engage users in simulated conversations called
Roleplays, can provide instant feedback to their answer with detailed expla-
nations of what they did right or wrong and very importantly adapt to the
students proficiency level in the language they are learning. (Duolingo, 2023)

¢ Stanford University’s QuizBot:

Stanford University developed QuizBot, with the goal in mind to investigate
wheter conversational Al can help students learn factual knowledge. The chat-
bot is designed to help students study and review course material through
interactive quizzes. QuizBot generates questions, provides hints and offers
explanations, creating an engaging and effective study tool. It was found
that compared to students using a traditional flashcard app, students were
able to recognize and recall over 20% more correct answers. Also in a further
study students spent more time learning with the quizbot rather than with a
flashcard app. (Ruan et al., 2019)

* Georgia State University’s Pounce:

Georgia State University has implemented Pounce, a chatbot which is de-
signed to assist students with administrative tasks such as enrollment, how
to get financial aid and course registration. Pounce has successfully reduced
administrative workload, improved student engagement and enhanced overall
satisfaction with the university services. A case study by Georgia State Uni-
versity (2019) reported that especially students who come from low income
families or underrepresented minorities profited the most when using Pounce.
(Georgia-State-University, 2022)

These case studies and examples demonstrate the potential of chatbots to enhance
various aspects of education, from language learning and personalized tutoring to
administrative support and student engagement. As the technology continues to
evolve, we can expect to see even more innovative applications of chatbots in the
educational field.

The rise of educational chatbots has in many different ways transformed how
students can learn and interact with educational content. Starting from their early
beginnings as simple rule-based systems, chatbots now have emerged into very
sophisticated tools, often powered by artificial intelligence that can understand and
respond to natural language queries. Over time they are able to increase their accu-
racy and contextual relevance. The integration of advanced artificial intelligence
and machine learning techniques has enabled chatbots to also provide personal-
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ized tutoring, engage learners in language practice in a conversational way, assist
with administrative tasks, support mental health and wellbeing and finally also
improve and foster collaborative learning. These diverse applications of chatbots in
education come with numerous benefits, which include improved accessibility and
convenience, personalized learning experiences, scalability, immediate feedback
and cost-effectiveness. However, the implementation of educational chatbots also
faces several challenges, such as the technical complexity of building a chatbot,
privacy and security concerns, limited emotional understanding, dependence on
data quality and also resistance to adoption from educators as well as educatees. As
chatbots evolve further, chatbot developers are trying to address these challenges
and further improve the capabilities of chatbots to better accommodate the needs
of their users, whether they are learners or educators. The future of educational
chatbots seems promising. With ongoing advancements in artificial intelligence
and machine learning, we can expect to see even more innovative and impactful
applications of these conversational agents in the educational domain. As chatbots
become increasingly more personalized and adaptive, they have the potential to
revolutionize the way we approach teaching and learning.
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Chatbots come in diverse forms and started out as simple rule-based systems. Each
type of chatbot comes with its distinct characteristics and has different strengths
and limitations. Understanding the different types is crucial for determining their
suitability for specific applications, such as for this thesis, supplementing or replac-
ing a traditional Wiki. IBM identifies five types of chatbots: menu- or button-based,
rule-based, Al-powered, voice and generative Al chatbots. (Church, 2023)

For this project, the focus is on three specific types of chatbots: retrieval-based
chatbots (a subset of NLP or Al -powered chatbots), generative Al chatbots and a
hybrid form of these two. These types were chosen for the prototype due to their
complementary strengths and potential to enhance the Catrobat Wiki’s functionality
and user experience. To provide context, it is also useful to understand rule-based
chatbots, even though they were not used in the prototype.

5.1 Rule-Based Chatbots

Rule-based chatbots are a foundational and also the earliest form of chatbot tech-
nology that operate on predefined sets of rules and decision trees often using
regular expressions to find matching predefined answers to queries. One such early
example is ELIZA. ELIZA is simulating a so-called Rogerian therapist, meaning
it is just conversing with the user. These kinds of chatbots follow a linear flow
to process and respond to user queries. They oftentimes rely on decision trees
which help to fit the chatbots responses based on the users input. (Luber, 2024)
(Swain, 2024) Each possible interaction with the chatbot is mapped out in advance,
which creates a logical flowchart that the chatbot follows according to a users input.
Because rule-based chatbots are comparatively easy to implement, it makes them an
attractive choice for organizations seeking to implement basic automated responses
without delving into the complexities of advanced Al systems. (Digital, 2024)

These chatbots are particularly effective in environments where the range of user
queries is narrow and predictable, or concerning only one topic, such as customer
service, frequently asked questions (FAQs) or booking applications. (NeuroSoph,
2024)
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5.1.1 Advantages of rule-based chatbots

One of the primary advantages of rule-based chatbots is, as already mentioned,
their simplicity. They are straightforward to design and implement. The creation
process involves defining a series of rules and mapping out potential interactions,
which can be done without specialized knowledge of machine learning or advanced
programming. Further, today many platforms like Joonbot (Franceschi, 2020) pro-
vide user-friendly interfaces and tools for developing rule-based chatbots, which
further simplifies the implementation. These tools often include drag-and-drop
builders and visual editors, which make them easily accessible. Rule-based chatbots
also offer a high degree of control. Since the responses are predefined, there is total
control over what the chatbot says and how it behaves in different situations. This
ensures a high level of consistency and predictability (Kalka, 2024). The behaviour
of rule-based chatbots can be precisely designed to meet specific needs, which
allows organizations to script responses to cover particular scenarios and ensure
that the chatbot meets their desired protocols (Singh et al., 2019). Furthermore,
rule-based chatbots are cost-effective. The development of these chatbots typically
comes with lower costs compared to Al-driven chatbots due to the absence of
complex algorithms and the straightforward nature of the development process.
The maintenance of the chatbot is also simpler in general, as updates usually just
involve the modification of existing rules or the addition of new ones, which can be
done without reprogramming or retraining.

5.1.2 Limitations of rule-based chatbots

Despite the advantages, rule-based chatbots also have multiple limitations. Firstly,
they are restricted to the scenarios and responses that have been explicitly defined
in their programming. This makes them unable to handle queries that are outside
these predefined paths. Any query or scenario that is deviating from the expected
or programmed interactions will result in the chatbot failing to provide a relevant
response, which has the potential to reduce the satisfaction of its users. (Petruk,
2023)

While it is simple to add and modify the rules of the chatbot, if the range of
tasks, queries and scenarios increases, the rule-based approach can become a prob-
lem, making it very annoying and time-consuming to manage and update a vast
network of rules. With the increasing complexity, the performance can also suffer, as
the chatbot needs to navigate through a large set of rules, which might slow down
response times and make the system therefore harder to maintain. (BotPenguin,
2024)

Another limitation of rule-based chatbots is their lack of learning capabilities.
They do not have the ability to adapt their responses in the future based on user
teedback or new data fed to it, and any improvements or updates to the chatbot’s
knowledge base must be manually implemented by developers, which can be slow
and labour-intensive as well. (Nuruzzaman & Hussain, 2018)
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5.1.3 Suitability for Wikis

Despite their previously discussed limitations, rule-based chatbots can be suitable
for specific use cases within educational platforms or to support or replace Wikis,
such as the Catrobat Wiki. They can achieve this by handling FAQs and straight-
forward informational queries, quickly providing answers to common questions.
As rule-based chatbots provide consistent and reliable responses, they can ensure
that users receive the same information every time, which helps in maintaining
accuracy and trust. (Kalka, 2024)

As an addition to Wikis, rule-based chatbots can act as a first line of interac-
tion, which is handling basic queries and is directing users to more detailed Wiki
pages when needed. This can enhance the user experience compared to just using
the Wiki by providing immediate answers while also guiding users to more com-
prehensive resources for more complex questions. Additionally, rule-based chatbots
can be a good solution for existing Wiki platforms, since it can retrieve its relevant
information directly from the specific sections of the Wiki in order to respond to
user queries. They enable users to interact with the chatbot to navigate the content
of the Wiki more intuitively by asking for specific information and receiving direct
links to the relevant sections in the Wiki. This makes the process more engaging for
those who prefer conversational interfaces over traditional text-based searches. In
order to update a rule-based chatbot it is necessary to add or modify its rules, which
is generally straightforward and does not require advanced technical knowledge
or even programming knowledge. However this has to be done manually and
can therefore be more cost- and labour-intensive. While rule-based chatbots may
not work for highly complex tasks or tasks that are outside of the defined ruleset,
they can scale effectively for basic and repetitive queries, making them a viable
option for handling a significant portion of user interactions without overwhelming
the system. Rule-based chatbots can offer a practical and initially cost-effective
solution for specific use cases within a Wiki. Their simplicity and ease of integration
can make them suitable for handling straightforward informational queries and
therefore supporting and enhancing the traditional Wiki content. However, their
limitations in flexibility, scalability and learning capabilities are reasons to not use
this type of chatbot for the Catrobat chatbot.
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5.2 Retrieval-Based Chatbots

Retrieval-based chatbots are a type of conversational Al system that provides
responses to user queries by selecting the most appropriate answers from a prede-
fined repository. Similar to rule-based chatbots they are also mostly used in closed
domain scenarios. (Neha, 2024) These chatbots make use of advanced techniques
such as Term Frequency-Inverse Document Frequency (TF-IDF), cosine similarity
and neural networks to match user inputs to the most relevant pre-defined answers.
Their design and functionality make them especially effective in delivering precise
and contextually appropriate responses in a closed domain scenarios. (Lee, 2023)

The core concept of retrieval-based chatbots is the selection of responses from
a fixed knowledge repository. This repository is comprised of a usually large set of
predefined answers, which are somehow indexed and organized to enable quick
retrieval of a response based on user queries. When a user inputs a query, the
chatbot processes the text and calculates the similarity between the query and the
stored responses using different techniques. (Pandey & Sharma, 2023)

TE-IDF, or Term Frequency-Inverse Document Frequency, is a statistical measure
which evaluates the importance of a word in a document relative to a corpus.
The TF-IDF-Score is calculated for a word in a document out of a collection of
documents. It is used to identify key terms in the user query and matching them
with the most relevant responses. (MIKGroup, 2023) Cosine similarity measures
the cosine of the angle between two vectors in a multi-dimensional space, which
in this case is representing the query and the potential responses. High cosine
similarity indicates a closer match between the query and the stored responses.
(Miesle, 2023) Furthermore, advanced neural network models, particularly those
designed for natural language processing, can be used to improve the accuracy of
response matching by understanding the context and semantics of the query.

5.2.1 Advantages of Retrieval-Based Chatbots

One of the main advantages of retrieval-based chatbots is their ability to provide
relevant and accurate information for the context they are used in. By making use
of sophisticated matching algorithms, these type of chatbots can identify the most
fitting responses from a vast pool of potential replies. Therefore, this retrieval of
relevant responses is particularly valuable in areas where accurate information
retrieval is critical, such as customer supports or knowledge bases like Wikis.

Retrieval-based chatbots are consistent in the information they provide. Since
the responses are drawn from a repository of predefined answers, users receive
the same information for identical or similar queries, which is therefore ensuring
reliability. The fixed nature of the response repository allows to easily control the
available answers, which ensures that only accurate and approved information is
delivered to users. (Laba, 2024)
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Furthermore, the quality control aspect is significant in environments where in-
formation accuracy is very important. The predefined repository can be curated
and updated on a regular basis to always contain the most accurate and current
information. This ensures that users are always provided with reliable data, in
contrast to e.g. generative chatbots. This enhances the overall user experience and
trust in the system.

5.2.2 Limitations of Retrieval-Based Chatbots

However, retrieval-based chatbots also have limitations. They are restricted to
the responses available in their repository and cannot generate new or creative
responses like a generative approach would be able to. If a user query does not
closely match any of the existing responses, the chatbot may fail to provide an
answer that the user finds satisfying. Henceforth, the effectiveness of a retrieval-
based chatbot heavily relies on the quality and comprehensiveness of its response
repository. Incomplete and outdated repositories can lead to bad user experiences
and decrease the effectiveness of the chatbot. (Talkative, 2023)

5.2.3 Suitability for Wikis

Despite all of these challenges, retrieval-based chatbots can be a valuable addition
or replacement for Wikis. They can, similar to rule-based systems, serve as a more
interactive and user-friendly interface for accessing the information. By providing a
conversational interface, these chatbots can make the process of finding information
more engaging and intuitive. They can also enhance the user experience by offering
quick and relevant responses to common queries, acting as a first point of contact
and guiding users to more detailed articles.

Retrieval-based chatbots offer a great solution for enhancing the user experience
and information accessibility in various domains and also for the Catrobat Wiki.
While they have limitations, such as their reliance on the quality of the response
repository and the challenges associated with scalability and maintenance, their
ability to provide relevant and consistent information makes them a good choice for
the Catrobat Wiki and for other educational institutions and their knowledge-bases
and can improve the information delivery and user engagement.
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5.3 Generative Chatbots

Currently there is an enormous hype about generative Al, including generative
chatbots. Tools like ChatGPT or Google’s Bard are all over the media and are known
by the broad public. Generative chatbots represent a more sophisticated class of
conversational agents that use advanced machine learning models, particularly neu-
ral networks, to generate responses which are based on the context of user queries
rather than answers with predefined replies (Shridhar, 2017). Unlike rule-based
and retrieval-based chatbots, which rely on predefined rules or existing responses,
generative chatbots create new and contextually appropriate responses. They make
use of deep learning and neural networks, to process and generate natural language
in order to provide novel responses. (Hetler, 2024)

Generative chatbots are trained on huge amounts of text data, in order for them to
learn patterns, structures and nuances of the human language. They further use
this knowledge to predict and generate contextually relevant replies to the input
given by the user. This dynamic approach allows them to handle a wide range of
queries, making them highly versatile, interactive and not restricted to a specific
setting. (Innodata, 2024)

5.3.1 Advantages of Generative Chatbots

One of the main advantages of generative chatbots is their flexibility. These chatbots
are great at working with a wide range of different requests, ranging from simple
questions to complex, ongoing conversations. The ability of generative chatbots
to understand and generate language enables them to adapt to various contexts
and still be able to provide meaningful responses and can therefore also be used
in all kinds of domains. Additionally, generative chatbots are able to maintain the
context throughout a conversation, allowing them to deliver more accurate and
relevant responses. For instance, if a user asks a follow-up question, a generative
chatbot can reference the previous question or context to provide a coherent answer.
(Bansal et al., 2024)

Generative chatbots can also learn and improve over time. By analysing inter-
actions and feedback, they can refine their language models and through that
become more accurate and effective with each conversation. This continuous learn-
ing process enables them to adapt to new information and change to be more
applicable to a specific users needs. With enough time, they can personalize their
responses based on individual user interactions, enhancing the user experience by
making conversations more relevant and engaging to each single user. (Spair, 2024)

Another advantage that should be noted for generative chatbots is their creativ-
ity. Unlike retrieval-based chatbots that pull their answers from a fixed set of
responses, generative chatbots can create new and unique replies. This capability
makes interactions more dynamic and engaging, as users receive answers that are
not confined to a predefined knowledge base. The ability to generate creative and
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varied responses helps to keep users engaged and can simulate more natural and
human-like conversations, making the interaction feel more authentic. (Bani, 2024)
(Spair, 2024)

5.3.2 Limitations of Generative Chatbots

Despite their numerous advantages, even generative chatbots have some significant
challenges. Developing this kind of chatbot is complex and requires expertise in
machine learning, natural language processing, as well as software engineering. The
models must be carefully designed, trained and fine-tuned to ensure that they are
able to perform effectively. In order to maintain generative chatbots, it is necessary
to have regular updates and retraining, to feed it with new data and to improve its
performance, which also requires significant technical expertise and resources.

Generative chatbots also need a lot of resources. The training and the deploy-
ment of these models is demanding for vast amounts of computational power. The
computational costs can be high, especially for large-scale models. Additionally,
in order to be effective, generative chatbots require vast datasets for their training.
Gathering and keeping these datasets up-to-date can be resource-intensive as well,
and the quality of the data directly impacts the performance of the chatbot.

Furthermore, there is also a risk of inaccuracies with generative chatbots. They can
produce incorrect or inappropriate responses, especially if they are not adequately
trained or if the training data contains biases. These errors can negatively influence
the trust a user has in the system and lead to dissatisfaction. To minimize inaccura-
cies, generative chatbots need constant monitoring and fine-tuning. Implementing
mechanisms to detect and correct wrong or insufficient responses is crucial for
maintaining reliability. (Hu et al., 2020)

5.3.3 Suitability for Wikis

Generative chatbots can serve as a powerful replacement for traditional Wikis by
providing dynamic, contextually relevant responses to a wide range of user queries.
Their ability to generate natural language explanations and even answer follow-
up questions makes them a highly effective tool. As with other types of chatbot,
the conversational interface of generative chatbots can significantly enhance the
user experience by making the process of finding information more intuitive and
interactive. Users can ask questions in natural language and receive detailed and
also personalized responses, reducing the need to click through multiple Wiki pages.

As an addition to existing Wikis, generative chatbots can offer a conversational layer
that helps users navigate and understand complex information more effectively.
They can act as guides, providing summaries, explanations and clarifications when-
ever needed. Integrating generative chatbots with the content of a Wiki ensures
that users receive both immediate answers and access to more detailed information
when needed.
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Generative chatbots can further provide advanced search capabilities by allow-
ing users to search for information using natural language queries, which can
be more efficient and more user-friendly than traditional keyword-based search
engines. They are able to maintain the context throughout a conversation, therefore
generative chatbots can handle more complex queries and provide nuanced answers.

Moreover, the dynamic nature of generative chatbots promotes interactive learning.
Users can engage in back-and-forth dialogues, ask follow-up questions and explore
topics in depth, leading to a more engaging and educational experience. Generative
chatbots can tailor their responses based on individual user interactions, providing
personalized assistance that enhances user satisfaction and makes the learning
process more enjoyable and effective. (Shukla, 2024)

5.3.4 Future Potential

As machine learning and NLP technologies continue to advance, the capabilities of
generative chatbots will improve, making them even more effective and applicable
in more domains. Beyond Wikis, generative chatbots have the potential to transform
various domains, including customer support, education, healthcare and many
more. Their ability to generate contextually relevant and engaging responses makes
them a valuable tool across diverse applications.

In conclusion, generative chatbots offer a flexible and powerful solution for both
replacing and supplementing Wikis. Their ability to generate new and contextually
relevant responses enhances user engagement and satisfaction and further leads
to dynamic and interactive user experiences. However, the complexity, resource
requirements and potential for inaccuracy pose significant challenges that must be
kept in mind. Despite these drawbacks, the continuous improvement and future
potential of generative chatbots make them a great tool for enhancing information
retrieval and user interaction in various contexts.
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5.4 Hybrid Chatbots

Hybrid chatbots are an advanced approach to conversational agents by combining
elements of rule-based, retrieval-based and generative chatbots. This combination
merges the strengths of each type, while being able to mitigate their individual
weaknesses. This creates in return a more versatile, accurate and efficient system.
(Arz von Straussenburg & Wolters, 2023) Hybrid chatbots can follow predefined
rules, retrieve relevant information from a repository and generate new responses
based on user input, making them highly adaptable to various applications and
user needs.

Hybrid chatbots are able to either switch between or combine different method-
ologies depending on the context of the interaction. For example, they might use
rule-based responses for handling frequently asked questions, retrieval-based tech-
niques for fetching some specific information from a database or some form of
knowledge repository and generative models for more complex or multi-round
queries. This approach guarantees that the chatbot can efficiently and more flexibly
tackle a wide range of different queries.

5.4.1 Advantages of Hybrid Chatbots

One of the primary advantages of hybrid chatbots is their versatility. They can
manage a large array of queries, from simple factual questions to more complex
ongoing conversations. By making use of different methodologies, hybrid chatbots
can adapt their responses to suit the intent of the query, which is ensuring that
users receive the most appropriate and relevant information. This can enhance user
satisfaction by ensuring that queries are handled according to their needs.

Hybrid chatbots can also improve the accuracy by combining the strengths of
different approaches. Rule-based components ensure consistency for common
queries, while retrieval-based and generative components provide flexibility and
more depth. (Tiffany, 2023) This ability to switch between rule-based, retrieval-based
and generative approaches allows hybrid chatbots to provide the most appropriate
response in any given situation.

Moreover, these chatbots can learn from interactions over time, improving their
responses and performance. The generative component in particular benefits from
continuous learning. This enables hybrid chatbots to become better and better at
handling diverse and evolving user queries. (Sandeep, 2024)
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5.4.2 Limitations of Hybrid Chatbots

As mentioned beforehand, hybrid chatbots come with many advantages, however,
they also come with some challenges of their own, particularly in terms of com-
plexity in their design as well as their implementation. Developing these chatbots
is inherently more complex than creating a chatbot that is just using one technique,
as integrating rule-based, retrieval-based and generative elements requires careful
planning, coordination and expertise in multiple domains. The algorithms and
models used in hybrid chatbots need to be finely tuned to work together seamlessly,
which can increase the initial development time and effort as well as the potential
for integration challenges.

Hybrid chatbots also have significant resource requirements. They need a lot
of computational resources to run effectively, if they are using advanced generative
models, which can lead to higher infrastructure costs, especially for large-scale ap-
plications. Additionally, comprehensive training data is essential for the generative
and retrieval-based components of hybrid chatbots. Collecting and maintaining
this data can be very resource intensive, since it is also adding to the overall cost of
development and maintenance. (Tiffany, 2023)

Maintaining hybrid chatbots involves ongoing management to ensure the seamless
integration and performance of different components. Regular updates, fine-tuning
and monitoring are necessary to maintain performance and to address any issues
that may come up. Debugging can be more complex due to the interplay of different
models and systems, requiring a deep understanding of each component and their
interactions to identify and resolve problems.

5.4.3 Suitability for Wikis

Hybrid chatbots are highly suitable as replacements for traditional Wikis. They
can handle a wide variety of queries with high accuracy and relevance, which can
provide users with quick and precise answers. Their ability to generate responses
based on context ensures that users receive the information most fitting to their
queries. By offering a conversational interface, hybrid chatbots can transform the
static nature of traditional Wikis into a dynamic, interactive experience. Users can
engage in natural language conversations, making the process of finding informa-
tion more intuitive and user-friendly.

As additions to existing Wikis, hybrid chatbots can significantly enhance the user
interaction. They can provide quick answers to common questions, guide users
to more detailed articles and assist with more complex inquiries, which enriches
the overall user experience. Hybrid chatbots can supplement Wikis by offering a
more dynamic approach to the traditional information retrieval process. They can
interpret user intent and context, providing tailored responses that direct users to
the most relevant sections of the Wiki.

Hybrid chatbots also excel at advanced search capabilities. They can understand nat-
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ural language queries, making it easier for users to find the information they need
without having to use specific keywords or navigate complex menus. This capability
improves accessibility and user satisfaction. By maintaining context throughout a
conversation, hybrid chatbots can handle queries over multiple rounds of dialogue
and provide more nuanced answers, which ensures that users receive comprehen-
sive and accurate information.

The conversational nature of hybrid chatbots promotes interactive learning. Users
can engage in dialogue, ask follow-up questions and explore topics in depth, leading
to a more engaging and educational experience. Hybrid chatbots can personalize
their responses based on individual user interactions, which has also the potential
to increase user satisfaction. This personalized approach makes the learning process
more enjoyable and effective, as users receive information tailored to their specific
needs and interests.

Integrating hybrid chatbots into existing Wikis means a significant effort in their
design, their implementation and ongoing maintenance. Ensuring compatibility
with the existing infrastructure and content is crucial for a seamless integration.
The management of user data and ensuring privacy and security are critical con-
cerns when developing hybrid chatbots. It is necessary to implement robust data
protection measures in order to maintain the trust of users and to comply with
different regulations.

5.4.4 Future Potential

Since hybrid chatbots also make use of generative methods the advancements in
machine learning and also in NLP technologies, will improve the capabilities of
hybrid chatbots as well, which will make them even more versatile and effective.
Again, hybrid chatbots not only have the potential to have a positive impact on
Wikis in the furture, but also on various other domains.

Hybrid chatbots can provide a versatile, accurate and efficient solution for ei-
ther replacing a Wiki or enhancing it. By combining the strengths of rule-based,
retrieval-based and generative approaches, they provide a comprehensive and
dynamic information retrieval experience. Despite the challenges of complexity,
resource requirements and maintenance, the continuous improvement and future
potential of hybrid chatbots makes them a promising tool for enhancing user
interaction and information accessibility in various contexts.
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6 How can using a chatbot affect the

accessibility and engagement of the
Catrobat Wiki?

The integration of a chatbot into the Catrobat Wiki is trying to improve both its
accessibility and its engagement. Building on the previously discussed findings
about the use of chatbots in educational domains and by investigating their advan-
tages and limitations, it becomes clear that chatbots have the ability to offer a wide
range of benefits that have the ability to enhance the user experience. By using
conversational interfaces, chatbots can provide immediate support, personalized
interactions and therefore a more user-friendly experience. (Seidor, 2023) In the
following, we will examine the ways in which these characteristics can have a
beneficial influence on both the Catrobat Wiki and the overall Catrobat project.

6.1 Increased Accessibility

Improved accessibility is one of the main benefits of implementing a chatbot. Con-
ventional Wikis like the Catrobat Wiki often require users to navigate through
menus or search for a specific topic, which can be overwhelming, especially for
audiences to which the Catrobat project is tailored. In contrast, chatbots offer a
conversational interface that allows users to ask questions in natural language,
which makes it easier to find the information they need. Research indicates that
users often prefer interactive systems that mimic human conversation, as they
feel more approachable and less intimidating than traditional search interfaces.
(Labadze et al., 2023)

Furthermore, chatbots can be designed to support multiple languages, which
can further broaden the reach of the Catrobat Wiki. Given that Catrobat aims to
serve a global audience, including children from diverse linguistic backgrounds,
a multilingual chatbot can lower their barriers to start working. It can foster in-
clusivity and encourage participation also from non English speakers. By offering
assistance in various languages, chatbots can ensure that language is not a barrier
to participate in the Catrobat ecosystem or to access its information. This makes
the Wiki more inclusive and user-friendly. (Algomo, 2024)

Additionally, Chatbots are able to handle conversations with multiple users or
learners simultaneously. This scalability of chatbots therefore enables Catrobat to
provide consistent support to a large number of students without the need for
increases in staff, proportionate to the students using catrobat. (Bocian, 2024)
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6.2 Increased Engagement

Chatbots can significantly enhance the user engagement by providing a more inter-
active experience. Unlike classic FAQs or Wikis, which present their information in
a linear way, chatbots can engage users in a dialogue, by asking clarifying ques-
tions and tailoring responses based on individual user needs. This personalized
interaction can lead to a deeper understanding of the content and increased moti-
vation to explore the Wiki further. This way of interactive learning can improve the
knowledge retention and the user satisfaction, particularly for younger learners.
By transforming passive reading into an active conversation, the chatbot can make
learning more engaging and effective in the Catrobat ecosystem. (Perihan, 2024)

6.3 Immediate Support

Another significant advantage of chatbots is their ability to provide immediate
support. Users often may encounter challenges or problems while using the pro-
gramming tools of Catrobat. A chatbot can offer real-time assistance to address
these issues. By providing 24/7 support, the chatbot ensures that users can find
answers to their questions without having to wait for human intervention. This
immediacy is crucial for maintaining the user engagement and satisfaction, as
delays in the support can lead to frustration in users. For example, if a user en-
counters a bug or has a question about a programming concept, the chatbot can
provide instant guidance or direct them to relevant resources. (Sanz et al., 2024)
(Cunningham-Nelson et al., 2019)

Another key advantage of integrating a chatbot into the Catrobat ecosystem is
that it is able to provide instant feedback to its users. This direct feedback can help
learners to identify and correct mistakes in real-time. Immediate feedback is very
important, especially with regards to language learning, and corrections as well
as suggestions in real time can help improve a students language skills. (Fryer, 2006)

The integration of a chatbot into the Catrobat Wiki has the potential to signifi-
cantly enhance both the accessibility and the engagement of the Catrobat Wiki
and the entire Catrobat project. By providing real-time assistance and simplifying
navigation, a chatbot can make the Wiki more accessible to a more diverse audience.
Additionally, through interactive learning and a more personalized experience, the
chatbot can boost the user engagement for participants in the Catrobat environment.
By making use of the aforementioned capabilities of chatbots, the Catrobat Wiki can
be replaced or supported by a more inclusive, engaging and user-friendly system.
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7 Decision-Making Process for
Implementing the Chatbot for the
Catrobat Wiki

When starting the journey to enhance the Catrobat Wiki with chatbot technology,
the several types of chatbots mentioned above were considered. Among these,
rule-based chatbots were initially evaluated since they are a widespread form of
chatbots, are comparatively easy to implement and would be suitable to retrieve
the predefined contents of the Catrobat Wiki. The decision was made to start by
implementing the Chatbot in Python, including a Python GUI to be able to test its
capabilities faster and only afterwards integrate this chatbot in the share platform
of Catrobat. The decision to not implement the prototype as a rule based Chatbot
was made for various reasons concerning its limitations.

* Rule-based chatbots operate on a predefined set of rules, making them in-
flexible when it comes to handling queries outside their programmed scope.
The dynamic and diverse nature of queries from users of the Catrobat Wiki
required a more adaptable solution.

* As the complexity and volume of content within the Catrobat Wiki grows,
maintaining and updating the rules for a rule-based chatbot would become
increasingly more time intensive. This scalability issue would hinder the
chatbot’s ability to keep up with the expanding knowledge base.

* Rule-based chatbots are static and do not improve over time unless manually
updated. This lack of learning capability would limit the chatbot’s effec-
tiveness in providing up-to-date and contextually relevant information to
users.

Given these limitations, it was clear that a more sophisticated approach was neces-
sary. The Catrobat Wiki required chatbots capable of understanding a wide range
of natural language queries, providing accurate and also contextually appropriate
responses and adapting to the evolving content within the Wiki.

After rejecting the rule-based approach, two main types of chatbots were selected for
implementation: a retrieval-based chatbot using Natural language processing and
TF-IDF (Term Frequency-Inverse Document Frequency) and a generative chatbot
integrated with the ChatGPT APIL
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7.1 Retrieval-Based Chatbot Using TF-IDF

Recap of the advantages of a retrieval-based chatbot:

* Retrieval-based chatbots perform great at finding the most relevant responses
from a predefined repository of information. Since we already have the Catro-
bat Wiki as our predefined repository of information, this is an important
advantage. By leveraging sophisticated matching algorithms, the chatbot
can provide highly accurate responses based on the similarity between user
queries and the content on the Wiki.

* These chatbots ensure consistent responses by retrieving predefined answers
and maintaining a high level of reliability and predictability in their interac-
tions, which is also relevant for the new Catrobat chatbot since we want to be
reliable in our answers.

¢ Furthermore, retrieval-based chatbots are efficient in providing quick re-
sponses to well-defined queries, enhancing the overall user experience.

7.1.1 Why Choose TF-IDF for Query Matching?

When considering how to implement the matching of user queries to the content of
the Catrobat Wiki, several techniques were evaluated, including Latent Semantic
Analysis (LSA), Word2Vec and BERT. Each of these methods has its own strengths
and weaknesses:

¢ Latent Semantic Analysis (LSA):
LSA extends beyond the traditional term frequency-inverse document fre-
quency (TF-IDF) by further capturing the underlying structure of the data. It
iis transforming TF-IDF vectors to a lower-dimension represantation. While
LSA can reveal deeper semantic meanings, it is more computationally inten-
sive and complex to implement. (Pocs, 2020)

¢ Word2Vec:
Word2Vec is a neural network-based technique which also processes text by
transforming words to vectors. Word2Vec is particularly effective for under-
standing context and can enhance retrieval accuracy. However, it requires a
large corpus for training and furthermore demands significant computational
resources. (Nicholson, 2024)

¢ BERT (Bidirectional Encoder Representations from Transformers):
BERT is a significant advancement in natural language processing technology.
BERT was developed by Google in 2018 and is able to consider the full context
of a user query. BERT is able to capture nuances of the human language and
can therefore provide highly relevant responses. However BERT is also very
resource intensive and complex and therefore not ideal for a prototype. (Luna,
2023)
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The Case for TF-IDF

Given the advantages and disadvantages of these techniques, it was decided to use
TF-IDF for the initial prototype of the Catrobat chatbot. The decision to use TF-IDF
was based on several key factors:

¢ Simplicity and Effectiveness: TF-IDF is a well-established method for text
retrieval that balances simplicity with effectiveness. It calculates the impor-
tance of words in a document relative to a collection of documents, making it
suitable for identifying relevant information in the Catrobat Wiki. (Karabiber,
2024b)

¢ Computational Efficiency: Compared to the more complex algorithms, TF-
IDF is computationally efficient and can be implemented with relatively low
resource requirements. This practicality makes it an ideal choice for the initial
phase of the project.

¢ Ease of Implementation: TF-IDF is straightforward to implement using ex-
isting libraries and tools in Python, which enables rapid development and
deployment. This allows for quicker iteration and testing of the chatbot’s
capabilities. (Karabiber, 2024b)

In summary, the decision to use TF-IDF for the initial prototype of the Catrobat
chatbot is grounded in its simplicity, efficiency and ease of implementation, making
it a fitting choice for the development of a prototyoe.

Why Not Machine Learning-Based Intent Classification?

While considering various approaches on implementing a chatbot, the idea of
using machine learning-based intent classification was evaluated. This method
typically involves training a model, such as a decision tree, to classify user queries
into predefined intents (helpshift, 2024). However, several factors led to the decision
against using this approach for the initial phase:

* Manual Upkeep of Labels: Machine learning-based intent classification re-
quires a significant amount of manual labelling of training data. Each potential
query needs to be categorized into an appropriate intent, which is a time-
consuming and ongoing process(Braun et al., 2017). The need for constant
updating and maintenance of these labels to always be able to handle new
queries and evolving user needs can be quite labour-intensive.

¢ Complexity and Maintenance: Managing an intent-based system involves
more than just the initial setup. It is necessary to have continuous training and
retraining of the model, to maintain accuracy as the variety of user queries
grows. This can be labour-intensive and requires dedicated resources to en-
sure the system remains effective.
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* Moderation Effort: To maintain accurate responses, human moderation would
be required to review and correct the responses of the chatbot, especially in
the case of ambiguous or misclassified intents. This adds another layer of
complexity and ongoing workload.

¢ Flexibility and Scalability: A retrieval-based approach using TF-IDF allows
for greater flexibility and scalability. As the underlying repository of informa-
tion grows, the system can seamlessly integrate new content without the need
for extensive retraining or labelling of data. This makes it easier to expand
the knowledge base and improve the chatbots capabilities over time.

In summary, while machine learning-based intent classification can offer high accu-
racy and a good understanding of user queries, the corresponding manual upkeep,
complexity and moderation efforts make it less suitable for the prototype of the
Catrobat chatbot. A retrieval-based approach using TF-IDF is a good balance be-
tween simplicity, effectiveness and ease of implementation, making it the preferred
choice for deploying a reliable and efficient chatbot.

How does TF-IDF work in combination with cosine similarity for a retrieval
based chatbot?

7.1.2 TF-IDF and Cosine Similarity for Retrieval-Based Chatbots

Retrieval-based chatbots in general rely on sophisticated techniques to match user
queries with the most relevant responses from a predefined repository containing
the information. Two possible components to achieve this functionality are Term
Frequency-Inverse Document Frequency (TF-IDF) and cosine similarity. (Lee, 2023)

7.1.3 Term Frequency-Inverse Document Frequency (TF-IDF)

TF-IDF is an oftenly used statistical method for quantifying the importance of
words within a document or a collection of documents (Karabiber, 2024b). TE-IDF
tells us how significant a term is for a text in a collection of documents (corpus).

The TF-IDF value for a word is calculated as follows:
TE-IDF(t, d) = TE(t, d) x IDFE(t)
Where:

¢ TE(t, d) is the so called term frequency, which represents the number of times
the word t appears in the document d. It is calculated by dividing the number
of words in document d by the total number of words in the document d.

* IDK(t) is the inverse document frequency, which measures the importance of
the word t across the entire corpus of documents. It is calculated as follows:
IDE(t) = log(N / df(t))

Where:
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- N is the total number of documents in the corpus.

— df(t) is the number of documents containing the word t.

The TF-IDF value is higher for words that appear frequently in a specific document
but are less common across the entire corpus. These words are considered more
informative and relevant for that document. (GeeksforGeeks, 2023)

7.1.4 Cosine Similarity

Cosine similarity is a commonly used measure of the similarity between two
non-zero vectors, such as the TF-IDF vectors of a user query and a document. It
measures the cosine angle between two vectors. If the directions of two compared
vectors are identical, this would yield a cosine similarity of 1, if they are pointing in
opposite directions -1 and o if they form a 9o degree angle. The closer the value is
to 1 the higher is the similarity of the vectors. A 1 would indicate a perfect match
between the two vectors and therefore the texts would be the same. (Lee, 2023) The
cosine similarity between the two vectors, A and B, is calculated as shown below:

A-B

Cosine Similarity(A,B) = ——————= (7.1)
g [AT T3]
Where:
e A - Bis the dot product of the two vectors.
Which is calculated as:
n
A-B=aby+abp+---+a,b, = Zaibi (7.2)

i=1

* ||A|land||B|| are the magnitudes of the vectors.
Where the magnitude is computed as:

n
JAll =/} +a3 4+ a2 =\ [} a2 (7:3)
i=1

(Karabiber, 2024a)
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7.2 Combining TF-IDF and Cosine Similarity for
Retrieval-Based Chatbots

In the context of a retrieval-based chatbot, the TF-IDF and cosine similarity tech-
niques work together to identify the most relevant responses from the chatbot’s
knowledge base (Lee, 2023). Below this process is shown on the example of the new
Catrobat chatbot:

1. Preprocessing and TF-IDF Vectorization: The chatbot’s knowledge base,
which consists of the data retrieved from the Wiki by a scraper and therefore
contains the predefined answers, is preprocessed by tokenizing, converting
the text to lowercase, removing stop words and filtering out non-alphabetic
tokens. The preprocessed text is then transformed into a so called TF-IDF
matrix representation using the TfidfVectorizer from the scikit-learn library.
The TF-IDF matrix is a vector where each word of the text represents a number
(The calculated TF-IDF value for the word).

2. User Query Processing: When a user query is received, it undergoes the same
preprocessing steps as the knowledge base. The preprocessed query is then
also transformed into a TF-IDF vector using the same TfidfVectorizer.

3. Cosine Similarity Calculation: The cosine similarity between the user query’s
TF-IDF vector and each document’s TF-IDF vector in the knowledge base
is calculated. This step identifies the most relevant documents or responses
based on the similarity scores.

4. Response Selection: The chatbot selects the document or response with the
highest cosine similarity score as the most relevant answer to the user’s query.
If the highest similarity score is below a predefined threshold, the chatbot
indicates that no suitable response was found.

By combining TF-IDF and cosine similarity, retrieval-based chatbots can effectively
match user queries with the most relevant information from their knowledge base,
providing accurate and contextually appropriate responses. This approach has
several advantages, including:

* Relevance: The TF-IDF and cosine similarity techniques ensure that the most
relevant responses are retrieved, based on the similarity between the user’s
query and the chatbot’s knowledge base.

¢ Efficiency: The computational efficiency of these methods allows the chatbot
to provide quick responses, enhancing the overall user experience.

* Scalability: As the knowledge base grows, the TF-IDF and cosine similar-
ity calculations can scale to handle larger volumes of information without
compromising performance.

(Pradeep, 2023)
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The integration of TF-IDF and cosine similarity is a powerful technique for retrieval-
based chatbots, enabling them to efficiently match user queries with the most
relevant information from their knowledge base. This approach, when combined
with other advanced natural language processing techniques, can significantly
enhance the effectiveness and user experience of educational chatbots. However,
it is important to note that retrieval-based chatbots have limitations, such as their
inability to handle complex, open-ended queries or generate novel responses. To
address these limitations, many chatbot systems employ a hybrid approach, com-
bining retrieval-based and generative models to provide a more comprehensive
and adaptive solution (Arz von Straussenburg & Wolters, 2023).

7.2.1 Generative Chatbot Using OpenAl API
Recap of the advantages of generative chatbots:

* Generative chatbots can handle a wide range of queries and generate novel
responses. This allows them to manage complex and varied user interactions.

* These chatbots can learn from interactions and improve over time, becoming
more effective in providing contextually relevant answers.

¢ Unlike retrieval-based models, generative chatbots are not limited to prede-
fined responses, making interactions more engaging and dynamic.

Why ChatGPT API?

* ChatGPT, developed by OpenAl, is one of the most advanced language mod-
els available. Its ability to understand and generate human-like texts makes it
ideal for providing contextually relevant and high quality responses to user
queries.

¢ The ChatGPT API is easily integrable with existing systems, especially in
our case with Python. By providing instructions specific to Catrobat-related
questions, the generative chatbot can focus its responses on relevant topics.

* The API is backed by ongoing research and improvements by OpenAl, ensur-

ing that the chatbot remains at the cutting edge of natural language processing
capabilities.
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7.2.2 Implementation Using Python

Python was chosen for this project due to its versatility, popularity and exten-
sive support within the programming community. It is known for its readability
and simplicity. Therefore Python is accessible to developers of all skill levels. Its
widespread use ensures a robust support network and an extensive amount of
libraries which are suitable for a variety of tasks, including natural language pro-
cessing and machine learning.

One of the significant advantages of Python is its vast ecosystem. Libraries such as
NLTK, SpaCy and scikit-learn simplify the text processing tasks, while TensorFlow
and PyTorch are great for developing machine learning models. These tools collec-
tively can support the efficient development and deployment of both retrieval-based
and generative chatbots, making Python an ideal choice for this project.

Moreover, Python’s ability to setup a simple HTTP-Server to communicate with
other technologies and platforms further underscores its suitability. This ensures
that the chatbot can interact effectively with the Catrobat Share Platform and other
components of the Catrobat ecosystem, and integrates smoothly within the existing
systems without significant reengineering.

In terms of performance, Python is capable of handling complex computations
efficiently, ensuring that chatbot solutions are both responsive and scalable. This
performance is crucial for providing a real-time, interactive experience for users,
maintaining a balance between speed and accuracy in delivering responses.

7.3 Decision Process and Final Implementation

The decision to implement both, retrieval-based and generative chatbots in combi-
nation, was driven by the specific needs and objectives of the Catrobat Wiki. The
primary goal was to enhance the user interaction by delivering accurate as well as
contextually appropriate responses to concrete questions by the user. Furthermore
it is beneficial to incorporate the unique replies of generative models to make the
chatbot more engaging and to handle more complex conversations. This hybrid
approach ensures that the chatbot can handle a broad spectrum of inquiries, from
simple information retrieval to more complex questions.

To meet these needs of Catrobat Wiki users, a combined approach involving both
retrieval-based and generative chatbots was implemented.

The TF-IDF (Term Frequency-Inverse Document Frequency) based retrieval chat-
bot was developed to handle queries with a concrete question by matching user
inputs with the most relevant content from the Wiki. This approach ensured that
users could quickly access accurate and specific information, effectively addressing
straightforward queries.
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To manage more complex and varied queries, a generative chatbot powered by the
ChatGPT API was integrated. This chatbot was instructed to focus its responses on
Catrobat-related topics to maintain relevance and accuracy. This capability allows
the chatbot to generate context-sensitive and very detailed responses, which helps
with conversations that require more understanding and flexibility.

To take advantage of the strengths of both approaches, a hybrid chatbot was
developed. This hybrid model returns the generative response from the ChatGPT
API and appends the four most relevant results from the TF-IDF retrieval-based bot.
This combination of the two approaches ensures that users receive comprehensive
answers, that provide both depth and breadth of information, and thereby enhance
the overall user experience.

The chatbot was designed to fit in with the design of the Catrobat Share Plat-
form interface. A user-friendly frontend, implemented in HTML and Twig, allows
users to interact with the chatbot in a simple way. The backend of the Share Plat-
form communicates over HTTP with a server developed in Python, which handles
the logic and processing, ensuring efficient communication between the frontend
and the chatbot. This architecture ensures a smooth and responsive user experience,
and enables easy access to information.

Benefits

The development of both, retrieval-based and generative chatbots, combined into
a hybrid model, significantly enhances the user experience on the Catrobat Wiki.
By addressing a wide range of user queries, from simple information retrieval to
complex, context-sensitive interactions, the chatbot ensures users can access the
information they need quickly and efficiently.

Moreover, the generative part of the chatbot and therefore the chatbot in gen-
eral benefits from continuous improvement, by learning from interactions and
adapting to the needs of users over time. This capability to learn improves the effec-
tiveness of the chatbot, by providing increasingly relevant and accurate responses.

The decision to implement a hybrid chatbot solution for the Catrobat Wiki was
driven by the need for a flexible, accurate and also scalable system. By taking
advantage of the strengths of both TF-IDF for retrieval-based responses and the
ChatGPT API for generative responses and using Python for development, the
hybrid solution successfully addresses the limitations of traditional rule-based
chatbots. It ensures that the Catrobat Wiki can cater to a diverse range of user needs,
offering efficiency in retrieving known information and flexibility in handling more
complex queries. The hybrid chatbot model, by combining generative responses
with the most relevant retrieval-based results, provides a robust and user-friendly

solution that can significantly enhance the experience users have with the Catrobat
Wiki.
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8 Data Scraping for Content Acquisition

The acquisition of data from the Catrobat Wiki is a crucial step in develop-
ing an effective retrieval-based chatbot. This chapter discusses the challenges
that were encountered during the data export, the development of a custom
data scraping tool to address these challenges and the benefits of choosing this
approach. The repository on github for the scraping tool can be found here:
https:/ /github.com /bonbuo/Catrobat-Wiki-Scraper

8.1 Challenges with the Data Export

Extracting the needed data from the Catrobat Wiki posed several significant chal-
lenges, primarily due to the limitations of the available data export methods. The
Wiki, hosted on Xwiki, only supports exports in formats such as ODT, PDF, RTF
and XAR. (“Xwiki,” 2024) While these formats are useful for human readability,
they are not ideal for automated data extraction and analysis. The key challenges
encountered include:

® The available export formats are not ideal for easy data parsing and manipu-
lation. For instance, ODT, PDF and RTF are document formats that prioritize
formatting over structured data representation, making it difficult to extract
specific pieces of information programmatically.

* Some of these formats do not inherently support the hierarchical and rela-
tional structure of the Wiki content, which is essential for building a chatbot
that understands the context and relationships between different pieces of
information.

¢ The Catrobat Wiki is regularly updated with new information, whether some-
thing is added or existing content is edited. A one-time static export would
quickly become outdated. Therefore it is necessary to have a dynamic and
repeatable data extraction process to keep the chatbot’s knowledge base cur-
rent.

¢ Different subcategories within the Wiki have a unique HTML structure, which
requires tailored approaches to accurately extract the relevant data. This
variability of the subcategories further adds complexity to the data scraping
process and asks for a more flexible and adaptable solution.
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8.2

Development of the Data Scraper

To overcome the above mentioned challenges, a custom data scraping tool was
developed using Python. The scraper was designed to navigate the structure of the
Catrobat Wiki, retrieve the relevant content and organize it into a structured dataset
suitable for the chatbot to retrieve the data. There are a few important aspects for
the scraper’s development:

The scraper makes use of Python libraries such as BeautifulSoup and requests.
BeautifulSoup is used to parse HTML content, which allows for the extraction
of specific elements based on tags and attributes. The requests library enabled
the HTTP requests, necessary to fetch the Wiki pages.

The scraper was programmed to systematically navigate through the Wiki,
identifying and accessing pages of interest. This automated navigation re-
duced the need for manual intervention, which simplifies the data collection
process.

Given the diverse HTML structures across different Wiki subcategories, the
scraper has to consider numerous edge cases to handle variations in the
content layout. Custom parsing rules were developed for each subcategory to
ensure accurate data extraction.

As this thesis is about developing a prototype, the initial phase of the scraper
focused on extracting data from the Brick Documentation section of the Wiki.
This section contains detailed information about the various programming
bricks, which are necessary for answering user queries related to specific
functionalities of Pocket Code.

While the initial scraper focuses on the Brick Documentation, the design is
scalable to accommodate for future expansions. This may include adapting
the scraper to extract data from other Wiki categories, which enables the
chatbot to answer a broader range of questions beyond specific bricks and
cover the entire content of the Catrobat Wiki.
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8 Data Scraping for Content Acquisition

8.3 Benefits of the Custom Scraping Solution

The development of a custom data scraping solution offered several significant
advantages over the available data export methods. Firstly, by programmatically
navigating the Catrobat Wiki, the scraper provides better flexibility and control
over the data collection process. This ensured that the exact information needed for
the chatbot could be extracted and structured appropriately.

The scraper was designed to adapt to changes in the Wiki’s structure or con-
tent. This adaptability is important for maintaining the reliability and scalability of
the data collection process over time, ensuring that the chatbot’s knowledge base
remains up-to-date.

The custom scraper enables the acquisition of a comprehensive dataset, encompass-
ing detailed information on programming bricks and their functions. This dataset
is essential for the chatbot to understand and respond accurately to user queries.

By automating the data extraction process, the scraper significantly reduced the
time and effort a person would have to invest to keep the data up-to-date. This
allows for more frequent updates and continuous improvement of the chatbot’s
capabilities.

The scraper is able to handle diverse HTML structures and edge cases which
ensures that all relevant data can be extracted and structured appropriately. Ac-
curate and structured data is important for the chatbot’s performance, as it can
directly impact the accuracy and relevance of the responses provided to users.

8.4 Implementation Details

To provide a better understanding of the scraper’s implementation, the following
steps show the process in more detail:

1. Identifying Target Pages: The first step was to identify the specific pages
within the Catrobat Wiki which contained relevant information. This included
pages related to programming bricks, tutorials and user guides.

2. Retrieving HTML Content: Using the requests library, the scraper fetched
the HTML content of each target page. This step involved sending HTTP GET
requests to the Wiki’s URLs and retrieving the HTML responses.

3. Parsing HTML Structure: BeautifulSoup was used to parse the HTML con-
tent. The parser identified specific HTML elements, such as divs, spans and
paragraphs that contained the desired information. Custom parsing rules
were applied to handle variations in the HTML structure across different

pages.
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8 Data Scraping for Content Acquisition

4. Storing the Data: The extracted information was organized into a structured
format, in form of a JSON file.

5. Data Cleaning: The stored data in the JSON file underwent a cleaning and
validation process to ensure its accuracy and consistency. This step also
involved the removal of duplicates, correcting formatting issues and verifying
the extracted information against the original Wiki content.

8.5 Future Enhancements

While the current scraper focuses on the Brick Documentation, future enhancements
will involve extending the scraping capabilities to other sections of the Wiki. This
includes other sections like the Formula Editor, the About Catrobat section and also
the tutorial section. Since the tutorial section includes also a lot of videos, it would
be necessary to adapt the chatbot in order to handle them correctly.

45



9 Implementation and Integration

As previously discussed, the chatbot’s core logic is implemented in Python. A
GitHub repository was created to host the code, accessible via:

https:/ /github.com/bonbuo/Catrobat-Chatbot. This repository includes not only
the final version of the chatbot prototype but also an initial prototype used for
experimentation. The initial prototype features a standalone graphical user interface
(GUI) developed entirely in Python and does not communicate with the Share
Platform.

9.1 How the chatbot works

At first, a new page was added to the Catrobat Share Platform using HTML and
Twig templates, which serves as the frontend interface for the chatbot.

Catrochat

CATROBAT

Figure 9.1: Screenshot of the GUI of the Chatbot integrated into the Catrobat Share Platform
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The GUI depicted above includes a text window where users can input their
questions and a display area where previous questions and answers appear. It
also features a button that, when clicked, submits the query of the user. This text
window and button are part of a form that, upon submission, sends the user query
to the backend of the Catrobat Share Platform via a POST request. The backend
then processes this request and forwards it to a Python server, which manages the
chatbot logic. In order for the chatbot to function correctly, the Python server must
be operational. The chatbot consists of three main components: the server, the logic
and the data.

9.1.1 Server

The server is responsible for managing POST requests containing user queries from
the Catrobat Share Platform. It processes these queries and returns appropriate
responses. There are three servers in total, although two are primarily for demon-
stration purposes. The primary server, which is found in server_chatbot_hybrid.py,
integrates both retrieval-based and generative Al models to provide comprehensive
responses. We will take a look at this sever.

The server is set up using Python’s http.server module, which enables the in-
teraction with the Catrobat Share Platform, where the chatbot’s frontend is located.
The server handles both GET and POST requests, although the GET requests are
mainly for testing purposes.

The retrieval-based logic of the chatbot is managed by the CatrochatRetrievalBased-
Hybrid class from the chatbot_retrieval based_hybrid module, which is imported
on the server. Additionally, the server uses the JSON library to read data from a
JSON file containing information scraped from the Catrobat Wiki.

To integrate with the OpenAl API, the server also includes the openai library.
This integration requires an API key, which is stored as an environment variable on
the server for security reasons. In future versions, it might be beneficial to allow
users to provide their own API keys. This would ensure that they bear the cost of
their queries, rather than the Catrobat project, helping to manage query volumes
and associated expenses more effectively.

The server also includes predefined messages that serve as instructions to the
OpenAl APIL These messages set the context for the chatbot, specifying that it
should only respond to Catrobat-related questions and provide relevant links from
the Catrobat Wiki when possible. This ensures the chatbot remains focused and
accurate in its responses.
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9 Implementation and Integration

How does this Server work?

Starting the Server (run_server Method)

® The server is configured to listen on all available IP addresses (0.0.0.0) on port
8000, which will be replaced in a live setting with the actual IP address and
port.

e An HTTPServer instance is created with the server address and the Re-
questHandler class.

* The run_server function is called if the script is run directly, starting the server.

* The server is started, is running until the server is shut down and waits for
incoming requests.

Handling GET Requests (do_GET Method)

When a GET request is made to the answer_user path, the server responds with a
simple greeting. All other paths result in a 404 error. This is only used for testing
purposes.

Handling POST Requests (do_.POST Method)

¢ Reading and Parsing Request Data:

— The server reads the length of the incoming request data.

— It reads the actual data from the request and decodes it from bytes to a
string.

— The decoded data is parsed into a dictionary using parse_gs to extract
the user_query.
* Processing the User Query:

- If a user_query is present, the server prints the received query to the
console.

— It then sends a 200 OK response back to the Share platform.
— Since openAl keeps track of previous instructions and queries with the
previously mentioned messages list, the new query is appended to this

list and flagged as a question posed by the user.

— Then a new request to the OpenAl API is created and the model to use
(gpt-3.5-turbo) as well as the list of messages is passed as a parameter.
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9 Implementation and Integration

— The response of the API may contain multiple different answers, there-
fore randomly one of the answers is chosen.

— The response is also saved to the message list.

— The four most relevant search results related to the user_query are re-
trieved from the extracted data from the Wiki. Afterwards this response
is appended to the response of the OpenAl APL

- This concatenated response is then formatted and the server sends it
back to the Share Platform for display in the chatbot interface.

¢ Error Handling:

— If the user_query is missing, the server responds with a 400 Bad Request
error.

— If any other exception occurs, the server responds with a 500 Internal
Server Error, including the error message.

The above mentioned two other servers for demonstration purposes work essentially
in the same way, however one of them is only calling the retrieval-based part and
the other is only making the call to the OpenAl API. Therefore, the not needed
modules in each of these are not included and they only consist of the basic
functionality to make their respective calls either to the retrieval-based module
or to the OpenAl API work. The codes for these other two servers are in the
tiles server_chatbot_retrieval based_only.py for the retrieval-based version and in
server_chatbot_openai_only.py for the version using the openAI APL

9.1.2 Logic

As the chatbot is a combination of a retrieval-based approach and a generative one
by using the OpenAl API, the logic for the generative part is outsourced to the APL
However, the logic for the retrieval-based part of the chatbot had to be implemented.
The logic for this can be found in the class CatrochatRetrievalBasedForHybrid which
is using TF-IDF and cosine similarity to provide relevant responses to user queries.

When an instance of the class is initialized, the first step is to process the data
scraped from the Wiki. The texts are extracted from the JSON file and then undergo
preprocessing and tokenization. This involves several steps: converting the text
to lowercase, removing stop words and filtering out non-alphabetic tokens. These
preprocessing tasks are accomplished using the spaCy library, which is well-suited
for natural language processing tasks.

Once the text has been preprocessed, it is converted into a TF-IDF matrix using the
TtidfVectorizer from the sklearn library. TF-IDF stands for Term Frequency-Inverse
Document Frequency and is a numerical representation that shows the importance
of a word in a document relative to a collection of documents (the corpus).
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By converting the texts from the scraped Wiki data into a TF-IDF matrix, we
create a data structure that enables the efficient comparison between the user
queries and the existing texts in the Wiki. This transformation allows the system to
quantify the relevance of the texts in the knowledge base compared to the query of
the user, which enables the accurate retrieval of information during the interactions
with the chatbot.

When the server calls the answer_user function of the CatrochatRetrievalBased-
ForHybrid class with a user query, the program attempts to recognize the intent
of the user. This function is relatively straightforward, it identifies the users intent
based on predefined keywords such as greetings, requests for assistance or farewells.
If one of these intents is recognized, the function returns nothing and the server
will rely solely on the response from the OpenAl APL This is because the generative
chatbot is more proficient at handling such conversational phrases.

If no specific intent is identified, the program proceeds to search for appropri-
ate responses from the knowledge base. It does this by taking advantage of the
previously preprocessed data from the JSON file.

Next, the user query undergoes the same preprocessing and conversion into a
TF-IDF matrix. The two matrices, one for the knowledge base and one for the user
query, are then compared by computing their cosine similarities. The similarity
scores between the entries in the knowledge base and the user query are calculated
and stored.

The top four scores, representing the most relevant responses, are obtained. The
corresponding original texts from the knowledge base are retrieved using their
indices. However, if all the similarity scores fall below a certain threshold, indicating
that there is not a fitting response in the knowledge base, the function again returns
nothing and the server will use the OpenAl API’s answer.

If the scores are high enough, indicating a good match, the four best-fitting replies
are formatted and returned for usage by the server. This method ensures that
the server can provide accurate as well as contextually relevant responses when
possible while still using the generative capabilities of the OpenAl API for more
general conversational needs. This hybrid approach combines the strengths of both
retrieval-based and generative models, enhancing the overall effectiveness and user
experience of the chatbot.

In the following the functionality of the CatrochatRetrievalBasedForHybrid class is
explained for each function.

1. Initialization (__init__ method):

* Loading the NLP Model: The class initializes an instance of the spaCy
model (en_core_web_md) for the natural language processing tasks.
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¢ Loading the Data: It loads the structured data from the JSON file (scraper-

data/wiki_data.json) containing the information scraped from the Catro-
bat Wiki.

¢ Extracting the Text: The extract_text method extracts the text data from
the JSON, it iterates through all hierarchical levels of the JSON to get to
the innermost entries tagged with "text” and constructs URLs based on
the hierarchical keys.

* Preprocessing the Texts: It preprocesses the extracted text data by tok-
enizing, converting to lowercase, removing stop words and filtering out
non-alphabetic tokens using functionalities of the spaCy library.

¢ TF-IDF Vectorization: The TfidfVectorizer from sklearn is used to con-
vert preprocessed texts into TF-IDF (Term Frequency-Inverse Document
Frequency) matrix representation, which quantifies the importance of
words in the texts relative to the entire corpus.

2. Text Preprocessing (preprocess_text method):

¢ Tokenization and Normalization: Each text undergoes tokenization
and normalization (lowercasing, stop word removal and filtering non-
alphabetic tokens) to prepare it for further analysis.

3. Calculating Similarity (calculate_similarity method):

¢ TF-IDF Transformation: Transforms a user query into a TF-IDF vector
using the TfidfVectorizer.

* Cosine Similarity: Computes cosine similarity scores between the TE-
IDF matrix of the query and the TF-IDF matrix of the knowledge bases
texts, to identify the most relevant texts based on the resulting similarity
scores.

4. Finding Most Similar Entry (find_most_similar_entry method):

¢ Identifying the Best Match: The document with the highest cosine simi-
larity score to the user query is identified.

¢ Threshold Handling: If the highest similarity score is below a specified
threshold (o.15), it indicates no relevant match found and a correspond-
ing message is returned.

5. Finding Multiple Similar Entries (find_multiple_similar_entries method):

¢ Top Four Matches: Retrieves the top four matches based on the cosine
similarity scores.

¢ Sorting: Sorts the matches based on similarity scores in descending order
and formats them for presentation.
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6. Intent Recognition (recognize_intent method):

¢ Intent Classification: Identifies the user intent based on predefined key-
words such as greetings, requests for assistance or farewells.

* Response: Returns the appropriate response based on the recognized
intent.

7. Answering User Queries (answer_user method):

¢ Intent Response: Checks if the user query matches any predefined in-
tents (e.g. greetings, help requests) and provides no response if matched.

* Retrieval-Based Response: If no intent is recognized, retrieves the most
relevant document entry or entries using find_most_similar_entry and
find_multiple_similar_entries.

* Response Formatting: Constructs and formats the response with the
retrieved information, including links to relevant Wiki entries and addi-
tional search results.

In summary, the CatrochatSimpleForHybrid class includes a retrieval-based chatbot
tailored for the Catrobat Wiki, which uses NLP techniques and similarity measures
(TF-IDF, cosine similarity) to deliver accurate and contextually relevant responses
to user queries about Catrobat-related topics. The modular design of the chatbot
enables efficient data retrieval, processing and response generation, with the goal
in mind to enhance user interaction and satisfaction with the chatbot. For the server
which is only acting as a retrieval-based chatbot there exists another class called
CatrochatSimple. This works in a similar way with some minor differences. Here, if
an intent like a greeting was found, it returns an appropriate predefined greeting.
Also, the format is different if matching entries were found in the knowledge base.
It will use the most matching result as the answer and only append the other less
relevant texts as additional search results for the question.
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9.1.3 Data

In the repository, there is a directory named scraper-data that contains the JSON
files obtained by the scraper. These files serve as the knowledge base for our
retrieval chatbot.

Figure 9.2: Screenshot of the JSON File containing the data scraped from the wiki.
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The JSON file with the data scraped from the Wiki is structured as follows:

¢ Root Element: /bin/view/Documentation/ is the root in the Wiki where all
the documentation for Catrobat can be found.

e Next Level: /bin/view/Documentation/BrickDocumentation/ which con-
tains documentation about different bricks.

e Further Levels: /bin/view /Documentation/BrickDocumentation/..../ which
contains documentation about different bricks.

The text field is the text found on the Wiki page describing a specific brick (e.g.,
WhenStartedBrick).
As an ecample the JSON for the “When Started Brick” is shown below:

{
"/bin/view/Documentation/": {
"/bin/view/Documentation/BrickDocumentation/": {
"/bin/view/Documentation/BrickDocumentation/Event-Bricks/": {
"/bin/view/Documentation/BrickDocumentation/WhenStartedBrick/":
"text": "When Started Brick: If you use this block, ...)."
}
}
}
}
}

For the prototype, only the BrickDocumentation was initially considered. The
scraper starts from /bin/view/Documentation and traverses to all the documenta-
tion sections, like Formula Editor, constructing the JSON in a similar hierarchical
way.

By storing the data this way, we can always construct a link if we find the correct
brick related to a user query, providing the user with a link for further information
on the Wiki. Additionally, we have information about the categories this brick
belongs to, such as EventBricks.

The logic part of the chatbot can then read the data from this JSON and con-
tinue to process and work with it. When using the retrieval-based chatbot, the text
is the most relevant part of this JSON. The user’s query and this text are compared
using TF-IDF and cosine similarity to find the best match.

This way of structuring the data ensures that our chatbot can efficiently navi-

gate and use the scraped Wiki data to provide accurate and helpful responses to
user queries.
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9.2 Changes on the Share Platform

Finally, we need to examine how exactly the Chatbot was integrated into the Share
Platform.

* Modifications to the frontend: The GUI was designed to be as simple as
possible and was inspired by well-known chatbots such as ChatGPT or Per-
plexity Al In the assets/styles/custom/catrochat.scss file, specific styling
rules were defined to enhance the visual presentation of the chatbot interface.
These styles were adapted to align with the overall design of the Catrobat
Share platform, ensuring a consistent and intuitive user experience. The web-
pack.config js file played a crucial role in configuring the build process for
the frontend JavaScript files. Here, the entry point ”catrochat” was added
and linked to the catrochat.js file. This setup ensured that all JavaScript com-
ponents and functionalities related to the chatbot were properly bundled
and optimized during the building process. By integrating ”catrochat” as an
entry, the build system effectively manages dependencies and enables the
deployment of the frontend components within the Catrobat share platform
environment.

The catrochat.html.twig template served as the frontend interface for the
Catrobat chatbot. This template extended the base template base.html.twig to
inherit common styles and scripts used across the Catrobat share platform. It
included essential links generated by Encore for the “catrochat” entry, ensur-
ing that all necessary JavaScript and CSS files were properly included.

* Modifications to the backend: In the IndexController.php file, fundamental
changes were implemented to handle the backend logic for the Catrobat chat-
bot. A new route ”/catrochat/” was defined within the Symfony framework.
It is configured to respond to both GET and POST requests. This route is
associated with the catrochatView function, which serves as the entry point
for processing the user queries and interacting with the Python-based chatbot
servers. Inside catrochatView, a GuzzleHttp client was instantiated. This client
was configured with the base URI pointing to the Python server’s address
(typically “172.17.0.1:8000” in a local setup), enabling the seamless commu-
nication between the Symfony application and the backend Python servers.
When handling POST requests, the function retrieves user queries submitted
from the frontend form and then packaged these queries into POST requests
directed to ”/answer_user” on the Python server. Error handling mechanisms
were integrated to manage exceptions and unexpected responses from the
Python server. This ensured that errors, such as connection failures or invalid
responses, were appropriately handle. This helps to maintain the stability and
reliability of the chatbot functionality within the Catrobat share platform.

The pull request with these changes can be found here:
https:/ /github.com/Catrobat/Catroweb /compare/develop...bonbuo:Catroweb:catrochat?expand=1
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10 The initial Prototype

As previously stated, the logic for the Chatbot is programmed in Python, in order
to be able to quickly test and experiment with different NLP techniques etc. it
was decided to first do a standalone chatbot which is completely coded in python,
including its graphical user interface.

Similar to the actual prototype, this prototype consists of Data, Logic and a Graphi-
cal User Interface. For this first version of the prototype which was written solely in
Python and with no connection to the share platform, the directory called scraper-
data, which contains the JSON files that were generated by the scraper, is also
needed. Therefore, the content of this directory serves as the knowledge base also
for this retrieval chatbot. The scraper-data is the exact same for the initial prototype
as well as for the final version explained above.

The GUI for this first prototype was done using the Tkinter library for Python. This
GUI allows users to interact with the chatbot, which can respond using a simple
TF-IDF and cosine similarity method. Also, in this case the GUI is based on popular
conversational agents like Chat GPT.
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10 The initial Prototype

Catrochat - o x

hitps://wiki.catrobat.org

‘ou:

You: hello 4]
Catrochat: Hello! How can | help you today?
'You: how can i stop sound?

Catrochat:

Stop Sound Brick: Stops the specified sound.

'You can find additional info here: https //wiki.catrobat.org/bin/view/Documentation/BrickDocumentation/StopSoundBrick/

Here are additional relevant search results for your question

- Jumping Sume No Sound Brick: Turns off the sound.

-> Link to the wiki entry: https J/wiki catrobat.org/bin/view/Documentation/BrickDocumentation/JumpingSumoNoSoundBrick/
- Play Sound Brick: Plays a sound and continues with the next brick immediately.

-> Link to the wiki entry: https2/wiki catrobat.org/bin/view/Documentation/BrickDocumentation/PlaySoundBrick/

- Play Sound And Wait Brick: Plays a sound and waits until it has ended before continuing with the next brick.

-> Link to the wiki entry: https//wiki.catrobat.org/bin/view/Documentation/BrickDocumentation/PlaySoundAndWaitBrick/

Figure 10.1: Screenshot of the GUI of the initial prototype solely in Python

GUI Elements

1. Window: The main application window, sized at 1500x900 pixels, serves as
the container for all other GUI elements.

N

UserQuery: A text box where users can type their questions for the chat-
bot. It is initialized with a welcome message and a prompt for the user’s input.

SendButton: A button that users can click to submit their queries to the
chatbot.

»

4. ChatWindow: A text box that displays the entire conversation between the
user and the chatbot. User queries are prefixed with “You:” and chatbot
responses are prefixed with “Catrochat:”.

5. Wiki Link: A clickable link to the Catrobat Wiki, placed at the top of the
window for easy access to the Wiki itself.

6. Scrollbar: A scrollbar attached to the ChatWindow to allow users to scroll
through the conversation.

This GUI effectively creates a user-friendly interface for interacting with the
Catrochat chatbot. By separating the chatbot logic from the GUI and providing
easy-to-use functions for query submission it ensures a smooth and intuitive user
experience.
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11 Future Work and Next Steps

The prototype that was developed for this thesis is working and fully functional,
and can already be a great enhancement to the Wiki. However, as discussed in
the chapters above, it can be improved to be even more engaging and capable of
covering the whole range of information available on the Catrobat Wiki in the future.

First of all, the Scraper should be extended to acquire data from the entire Wiki,
rather than just the Brick Documentation section. This would enable the retrieval-
based part of the hybrid chatbot to retrieve more information beyond just the bricks
that can be used in Pocket Code. Additionally, since the Wiki contains more than
just textual information, both the scraper and the chatbot itself could be adapted to
include videos available on the Wiki in its replies.

The retrieval-based version of the chatbot is currently using TF-IDF and cosine
similarity to match the best responses to the user queries. However, there may be
more advanced methodologies to further improve the accuracy of the chatbot. For
example, BERT could be used, since it represents the state-of-the-art way to handle
natural language processing. Furthermore, it would make sense to incorporate
some form of gamification into the chatbot, in order to improve the engagement of
the tool even more.

Furthermore, the chatbot should be tested with actual users to gather feedback in
order to be able to improve the chatbot and to evaluate how it resonates with its
target audience.

Finally, it should be investigated if there is a way for users to cover the expenses of
the OpenAlI AP], rather than Catrobat providing an API key and potentially having

to bear a lot of costs.

By putting in this future work, the chatbot can become an even more valuable
addition to the Catrobat ecosystem.
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12 Conclusion

This thesis was concerned with the development and the integration of a chatbot for
Catrobat, aiming to enhance the user experience within the Catrobat Share Platform.
The development began with a standalone Python-based prototype that was used
for initial experimentation with natural language processing techniques and was
able to already provide valuable insights. The prototype made use of a simple
retrieval-based approach, which uses TF-IDF and cosine similarity to respond to
user queries by retrieving data from the Catrobat Wiki. This early version of the
chatbot served as a testing ground for understanding the user needs and refining
the main functionalities.

The transformation from this initial prototype to the final implementation showed
an increase in both scope as well as complexity. The final solution integrates the
chatbot into the Catrobat Share Platform. It combines retrieval-based methods with
generative ones powered by OpenAl’s APIL This hybrid approach improves the
ability of the chatbot to provide more accurate and contextually relevant responses,
by taking advantage of the strengths of both of these techniques.

Chatbots can significantly improve the user experience by providing immediate and
interactive assistance and therefore enabling an intuitive access to information. They
can offer different types of interactions depending on their design and application.
Retrieval-based chatbots, like the initial prototype and also the one used in the
final prototype, use predefined responses. They retrieve these responses from a
structured knowledge base. These chatbots are effective for providing specific and
factual information and are ideal for scenarios where responses can be directly
mapped to data that is already existent.

Generative chatbots, in comparison to retrieval-based chatbots, make use of ad-
vanced language models to generate their responses dynamically based on the
input they receive from the user. This makes it possible to have more flexible and
conversational interactions, which makes them suitable for more complex queries
that require a good understanding of the context. By integrating these generative
capabilities, the final version of the Catrobat chatbot provides a more engaging user
experience, is able to handle a wider range of queries and offers more detailed and
human-like responses.

The decision to implement a hybrid approach was made because of the need
to balance the precision of retrieval-based methods with the adaptability of genera-
tive responses. This combination ensures that users receive both accurate factual
information and are also able to have meaningful conversational interactions. This
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enables the chatbot to address a wider spectrum of different user needs.

The integration of the chatbot into the Catrobat Share Platform involved adjust-
ments to both the frontend and backend of the Share Platform. The frontend was
designed to fit in with the existing aesthetics of the platform, ensuring a consistent
user experience. Backend modifications within the Symfony framework enabled the
communication between the Share Platform and the Python server and therefore
also incorporates error-handling mechanisms to maintain reliability.

Implementing a chatbot significantly improves the accessibility as well as the
engagement of the Catrobat Wiki. Traditional Wikis, like the Catrobat Wiki itself,
often require users to navigate through extensive menus or search for specific
topics, which can be overwhelming, especially considering the younger audience
of Catrobat. In contrast to Wikis, chatbots offer a conversational interface, that
allows users to ask questions in natural language, which makes it easier to find the
information they need.

Chatbots enhance the user engagement by providing an interactive and conver-
sational assistance, which can lead to a deeper understanding of the content and
might increase the motivation to explore topics even further. Additionally, chatbots
provide an immediate 24/7 support, that helps users to resolve their issues in
real-time and is able to maintain their engagement by preventing frustrations which
come from delays.

This thesis shows an approach to develop a chatbot that enhances the user ex-
perience through a mix of retrieval-based and generative techniques. By integrating
both of these methods, the thesis and the resulting chatbot not only advanced
the capabilities of the Catrobat platform, but also demonstrated key principles
of chatbot development. Furthermore, the integration of the chatbot significantly
improves the accessibility and engagement of the Catrobat Wiki, making it more
inclusive and user-friendly. The thesis also shows the future potential of the chatbot
by making suggestions on how to improve it over time.
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