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Abstract

This thesis, conducted as part of a Master’'s Degree in Informatics Engineering at the University of Minho
in Braga, Portugal, introduces Stepwise Source, a web application to aid in bridging gaps in program-
ming education, by tackling specific challenges faced by educators and learners. The primary goal of this
project was to develop a system that enabled educators to create progressive demonstrations of source
code construction in any programming language. Stepwise Source is the answer to this By presenting
code incrementally, it would allow learners to move forward or backward as they follow along. Additionally,
educators can set challenges where students complete specific portions of the code with real-time feed-
back on their answers. It is also possible to create branches in the presentation flow to show alternative
code paths that achieve different outcomes or to demonstrate multiple equivalent implementations for a
programming concept. By offering flexibility for both guided interaction and independent study, this tool
enhances the learning experience in programming education, offering a meaningful resource to support

the long and arduous journey of learning how to program.

Keywords Computer Programming Education, Source Code Demonstration, Education Technology.



Resumo

Esta tese, realizada no ambito de um Mestrado em Engenharia Informatica na Universidade do Minho, em
Braga, Portugal, investiga lacunas no ensino da programacao e identifica desafios especificos enfrenta-
dos por educadores e alunos. Foi realizado um estudo preliminar destinado a analisar estes desafios e
as areas nas quais as atuais ferramentas educativas para a programacao sao insuficientes. O objetivo
primario deste projeto foi desenvolver uma ferramenta que permita aos professores criar demonstracdes
progressivas de construcao de codigo-fonte. O sistema apresenta o cédigo sequencialmente, permitindo
aos alunos avancar ou recuar a medida que o acompanham. Mais ainda, os professores podem estabele-
cer desafios onde os alunos completem partes especificas do codigo e possam ramificar a demonstracao
para mostrar caminhos diferentes para atingir resultados diferentes ou apresentar varias implementacoes
alternativas para um mesmo resultado. Proporcionando flexibilidade tanto para a interacéo assistida como
para o estudo independente, esta ferramenta melhora a experiéncia de aprendizagem no ensino da pro-
gramacao, oferecendo um recurso significativo tanto para alunos como para professores no dominio do

pensamento computacional e das competéncias em escrita de codigo.

Palavras-chave Ensino de Programacao, Demonstracdo de Construcdo de Cadigo-Fonte, Tecnologia

Educacional.
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Chapter 1

Introduction

The concept behind computer programming is to create a sequence of instructions that must be followed in
order to carry out specific tasks. Although it involves writing code, i.e. text that follows a specific machine-
processable syntax, writing a program begins with a thorough understanding of the problem to be solved.
This process involves analysing the problem and breaking it down into increasingly smaller components,
ultimately allowing the corresponding code to be written.

Ultimately, programming is the act of producing a software solution to a certain problem. This process
is also about breaking down the larger problem into smaller ones, and solving them. This ability is one of the
major developments that student need to achieve in order to reason, and effectively, realise programming.

It can be seen that there is a high failure rate among students when it comes to learning program-
ming [Hundhausen and Douglas, 2000], due to failures throughout the various stages of this process.
There are many flaws that contribute to this problematic situation, ranging from lack of familiarity with
algorithmic thinking, inadequate interpretation of the problem by the student, difficulties in breaking down
the problem and understanding the syntax of the language [Proulx, 2000], to the decline or absence of
motivation [Tavares et al., 2015, Araujo, 2022, Costa Neto et al., 2021, Galvao et al., 2022].

Optimising the learning and teaching of computer programming can be achieved by integrating tools
specifically designed for this purpose. These dedicated tools offer valuable assistance, tackling specific
challenges inherent to this educational process.

Tools have been developed to visualise or animate the behaviour of programs. Others have been
created with the aim of automatic grading. All of them are aimed primarily at improving students’ under-
standing. While it was observed that the students found it easy to understand pre-conceived algorithms,
developing them from scratch proved to be more challenging [Tavares et al., 2015].

With animation, the process of understanding is helped. It facilitates analysis and can also aid devel-
opment. However, after various experiments and their analysis, it was clearly concluded that the use of

animations alone does not improve learning as expected [Hundhausen et al., 2002].



On the other hand, automatic assessment provides means of encouraging students to take an active
stance and improve their performance by stimulating their motivation and self-confidence. This is achieved
by easing and accelerating the feedback on how the study is going.

In the light of what is mentioned above, it is pertinent to investigate alternative approaches that may

be more effective or suitable for the circumstances at hand.

1.1 Objectives

The primary objective of this Master's Degree project is the design and development of an educational
support tool (Stepwise Source) that can be used to create progressive demonstrations of source code

construction, enriched by annotations. Moreover, this work aims to achieve the following key objectives:

¢ Enable the educator to define different branches to show how to change the code to produce the

same result and how changes in the code may lead to distinct outcomes;
¢ Make it an interactive experience, allowing the learner to fill in gaps in the code;

¢ Turn it into a personalised user experience.

1.2 Research Hypothesis

It is possible to contribute to the teaching of computer programming through a progressive demonstration

tool for the construction of source code.

1.3 Research Methodology

Throughout the academic year, this Master's work unfolded in adherence to an iterative methodology,

comprising the following steps:

In-depth exploration of existing literature and research works relevant to the project

Construction of a state-of-the-art compilation of similar projects and tools;

Design of the education support tool and its main features for implementation;

Development of the education support tool;



¢ Evaluation of the education support tool as well as the discussion of its findings;

¢ Publication of the results and findings obtained from previous steps (underway).

1.4 Document Structure

This document is organised into the following chapters:

Introduction: The opening chapter provides an overview of the document’s purpose, context, and ob-
jectives. It sets the stage for the reader by introducing the topic of investigation, the rationale and

context behind the research, and the overall structure of the document;

State of the Art (Chapter 2): An extensive literature review covers key theories, methodologies, and
technologies relevant to the project. It explores the current state of the field, establishing the foun-

dation upon which the Master’s project is built;

Architecture (Chapter 3): The main components that enable the project are introduced here, with
explanations of each element’s purpose and how they interact and collectively support the project’s

objectives;

Language (Chapter 4): The development of a Domain-Specific Language (DSL) was essential
for this project. This section discusses the motivation, design process, and main components of

Stepwise Language;

Development (Chapter 5): This part provides a detailed account of the components developed for this

tool, including the technologies and processes employed in its construction;

Overview (Chapter 6): Focuses on the web application as the final product, examining each of its com-
ponents, their functions, and the intended educational outcomes. This chapter provides a detailed

look at how the application supports programming education for both students and educators;

Conclusion (Chapter 7): The concluding chapter summarizes the key findings, insights, and contribu-
tions of this project. It offers a reflective discussion on the outcomes of the research, highlights
any implications, presents feedback gathered about the tool, evaluating how well it meets its objec-
tives, and suggests potential avenues for future work. This chapter serves as a culmination of the
document, leaving the reader with a comprehensive understanding of the research journey and its

impact.



Chapter 2

State of the Art

This chapter explores the background theories and developments that support this Project. An overview of
the state of the art in the fields of teaching programming and the tools that aid its improvement concludes

the chapter establishing a foundation for the rest of the document.

2.1 Computer Programming

Described as the mental activity of thinking about instructions, a technological process for task delegation,
or the formulation of specific instructions, programming essentially serves as a means for humans to
employ computers to solve problems, transcending language barriers for effective communication between
human and machine.

Programming is the methodical process of devising strategies to solve problems through computer
execution. It involves crafting a set of instructions in a language executable by computers, enabling them
to transform data into desired outcomes and address specific user needs. This collaborative effort between
humans and computers requires critical thinking to provide precise instructions, resembling the creation
of a recipe for a computer to follow [Coursera, 2023, Codecademy, 2024, Khan Academy, 2024a, Tavares

et al., 2015, Araujo, 2022].

2.1.1 Programming Languages

A language is a system of communication that involves the use of symbols, such as words or gestures, to
convey meaning. It is a complex and uniquely human ability that enables individuals to express thoughts,
ideas, emotions, and information to others. Language serves various functions, including communication,
expression, social interaction, and the transmission of culture. Some key components of a written language
are: Alphabet, i.e. a set of symbols used to build words of a certain language; Lexis, being a set of words

the language offers its users; Syntax which is a set of rules (formal or informal, written or felt intuitively)



used to determine if a certain string of words forms a valid sentence; Semantics meaning a set of rules
determining if a certain phrase makes sense [Cisco Networking Academy, 2024].

Programming languages are no different from that: they are also a system of communication, a way to
express thoughts and ideas. Computers operate in binary form—strings of ones and zeroes, trues or falses,
high or low voltages. Programming languages allow programmers to translate something that humans can
understand to this binary form. A programming language is made up of a series of symbols that serves as
a bridge that allow humans to translate thoughts into instructions computers can process [Codecademy,
2020].

Given it is a written language, programming languages have the same components as their natural

counterparts:

Alphabet (Character Set): The set of characters allowed in the language, including letters, digits, sym-

bols, and special characters. It forms the basic building blocks for writing code;

Lexis (Lexical Elements): The vocabulary or set of symbols and keywords recognized by the program-
ming language. It encompasses identifiers (variable and function names), keywords, numerals,

and operators;

Syntax: The set of rules that dictate how the symbols and keywords in the language should be combined

to form valid statements and expressions. It defines the structure and organization of the code;

Semantics: Describes the meaning of the statements and expressions written in the programming lan-
guage. It clarifies how the computer should interpret and execute the code, ensuring that it behaves

as intended.

The most fundamental language present in a computer is the Machine Language or Instruction Set.
It is composed of atomic and (usually) simple instructions coded in binary, and associated with a certain
architecture. All of this makes this language unsuitable—albeit not impossible—for human use. This factor
propelled the creation of other types of languages to improve programmers efficiency, efficacy and overall
quality-of-life [Proenca, 2018].

The next step in the evolution of programming languages is the Assembly Language. It is almost
equivalent to Machine Language, but instead of purely binary notation, it uses mnemonics to specify the
desired operations and values. Although it is better handled by humans, it is still entirely dependent on a
given architecture [Proenca, 2018].

Finally there are High Level Languages that are more powerful and closer to natural human languages.

They allow construction of programs for execution in any processor that has a compiler that can translate



source code into binary [Proenca, 2018]. The High Level Languages simplify programming by abstracting
away hardware-specific details, making the code more readable, while facilitating portability and main-
tenance. Thus, for most programmers, High-Level Languages are preferable due to their increase in

productivity and ease of use.

2.1.2 Compilers and Interpreters

Since the processor only “understands” commands in Machine Language, it is necessary to convert pro-
grams written in languages from higher levels of abstraction to lower levels, until eventually reaching
machine language. These translators or level converters are usually referred to as assemblers, compilers
and interpreters.

Assemblers are programs that read files containing source code written in assembly language and
convert them into binary machine language, i.e., assemble the instructions in a format suitable for the
Processor.

Compilers are programs that translate source code written in high-level languages to a lower level of ab-
straction. Most existing compilers already include the two steps of translation, compiling and assembling,
translating from a high-level language directly into binary without the need for an assembler.

With an interpreter, high-level language instructions are analysed one by one, while machine language
code is generated to execute it immediately, without saving it in a file. There is no translation of one
program into another, but rather the analysis of a program followed by the generation and execution of the

associated machine code [Proenca, 2018, Aho et al., 2024].

2.2 Backus-Naur Form (BNF)

Backus-Naur Form (BNF) is a widely recognized notation used to define the syntax of programming
languages. It is a type of metalanguage that describes which sequences of symbols constitute a syntac-
tically valid program, allowing developers to formally specify the structure of a language. The purpose of
BINF is not to dictate the meaning of those symbols (semantics) but rather to focus on their arrangement
(syntax). This distinction makes BNF an invaluable tool in the design and understanding of programming
languages, where it serves as a bridge between human-readable language definitions and machine pro-
cessing (parsing). BNF has become a foundational tool in the field of computer science, enabling the
specification of grammars for languages ranging from natural to domain-specific ones [VicCracken and

Reilly, 2003, Science Direct, 2024].



When working with BNF, it is crucial to recognize that this notation can serve two key purposes: it
can function as documentation to clarify a language’s syntax, and it can be directly applied to create
parsers that validate program structure. For instance, parser generators such as Lex [Lesk and Schmidt,
1975] and Yacc [Johnson, 1975], Bison [Stallman, 2024], and Lark', often take a BNF-like grammar
as input” and automatically build parsers, simplifying the process of language implementation [Brigham
Young University, 2024, DeNero, 2024].

The core of a BNF grammar lies in production rules, which consist of a symbol—the building block of
the language—followed by a sequence of symbols that might substitute it. There are two types of symbols:
non-terminal and terminal. Non-terminals represent abstract elements of the language that can be further
broken down into terminals or other non-terminals, while terminals are the base elements, such as specific
strings or regular expressions. Each rule in BNF expresses how a symbol, known as a non-terminal, can
be replaced by a sequence of other symbols, either terminal or non-terminal [Brigham Young University,

2024, Ada Computer Science, 2024].

2.2.1 Structure of BNF Rules

BINF rules are typically written in the following form:
digit: "o" | "1™ [ "2 | "3" | "4" | "™ | "e" | 7" | "8" | "9"

In this rule, the non-terminal digit is defined as one of the terminal characters that range from "0"
to "9". The vertical bar (1) in this example represents a choice between alternatives, meaning thatdigit
can expand into any one of the specified characters. This is the simplest form of a rule in BNF, where a
non-terminal symbol is replaced by a terminal symbol.

BNF's power comes from its ability to represent context-free languages, which allows it to define more
complex structures than regular expressions. Regular expressions, while useful for pattern matching,
cannot handle languages that require nested or recursive elements, such as balanced parentheses. In
contrast, BNF can express such structures given that it supports recursion in its rules. This recursive
nature of BNF is crucial for expressing hierarchical structures, such as nested expressions or conditional
statements, which are common in programming languages [Brigham Young University, 2024]. For exam-
ple, consider the following rule for defining an unsigned integer, recalling the above-mentioned definition
of digit:

unsigned_integer: digit | unsigned integer digit

1 More info on Lark can be seen at: https://lark-parser.readthedocs.io/en/stable/#welcome-to-lark-s-documentation.
2 Forthe purposes of this document, every BNF example or excerpt is written in the form of Lark, the generator that implemented this Project’s parser.


https://lark-parser.readthedocs.io/en/stable/#welcome-to-lark-s-documentation

Here, unsigned_integer is recursively defined as either a single digit or itself followed by another
digit. This allows for the representation of integers of any length, showcasing the recursive nature of
BNF rules. Whenever a non-terminal appears on the right-hand side of a rule, it refers to another rule (or
set of rules) that defines how it can be replaced. This example demonstrates how BNF allows complex
structures to be defined in a recursive manner, reflecting the nested nature of expressions in programming
languages.

The key features of BNF are:

Recursion: BNF allows for recursive definitions, meaning that a non-terminal can refer to itself in its
definition. This is essential for expressing concepts like arithmetic expressions, where terms can

be composed of smaller sub-terms.

Alternation: The | symbol in BNF allows for alternatives, meaning that a non-terminal can be defined
in multiple ways. This is useful for defining different syntactic possibilities, such as different types

of statements or expressions.

Simplicity and Generality: BINF is designed to be simple, allowing any syntax to be expressed in terms
of terminal and non-terminal symbols. It provides a general framework that can be used to describe

the syntax of a wide range of languages, from programming languages to markup languages.

The primary purpose of BNF is to provide a formal and unambiguous description of the syntax of a
language. By defining the structure of language constructs using BNF, language designers ensure that
the syntax is precise and interpretable by both humans and machines. In the context of compilers and
interpreters, BNF plays a crucial role in the parsing phase, where the structure of the source code is
analysed and transformed into a syntax tree based on the grammar defined in BNF. This syntax tree
is then used to generate machine code or to interpret the program [ping Chu, 2024]. BNF grammars,
therefore, form the foundation of many modern programming language tools, bridging the gap between

formal language definitions and the practical parsing of code.

2.2.2 Abstract Syntax Tree

Abstract Syntax Tree (AST) is a kind of tree aimed at representing the abstract syntactic structure of
the source code, that is, the nodes that correspond to its constructs or symbols [Zhang et al., 2019]. Itis
an intermediate data structure used in compilation or interpretation processes. The syntax tree not only
reflects the structural information but also retains the attributes of the source program [ping Zhang and

sheng Liu, 2013].
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Exp Term
Exp Term Factor
o | |
Exp Term Factor <|D, order=>
} LN |
Term Term ia Factor  <ID, apply>
| |
Factor Factor <|D, createR>

| |

<|D, hello> <ID, createfF=>

Figure 1: Abstract Syntax Tree generated from an order.

The AST in Figure 1 illustrates a potential structure generated by parsing the input phrase:
[hello,createF|createR, apply,order]

using the BNF definition provided in Listing 4.17.

2.2.3 Extended Backus-Naur Form (EBNF)

While BNF is a powerful tool, it can become verbose, particularly when dealing with optional elements or
repeated patterns. This is where Extended Backus-Naur Form (EBNF) comes into play. EBNF adds
several shorthand notations that allows certain grammar rules to be more concise and readable. Although
EBINF doesn't increase the expressiveness of BNF, it introduces useful syntactic sugar that simplifies the
definition of complex language constructs [ping Chu, 2024].

In EBNF, the concept of repetition can be expressed in a more compact form. Instead of recursive
rules, symbols such as the asterisk (*) for zero or more repetitions, and the plus sign (+) for one or more
repetitions can be used. Similarly, the question mark (?) is used to sign that its preceding element is
optional. These operators mirror their functionality from regular expressions, where they are also used to
denote repetition and optionality [DeNero, 2024, Brigham Young University, 2024, ping Chu, 2024].

Take the following EBNF example, which defines an expression that can optionally start with a minus
sign, followed by one or more digits, and optionally include a decimal point and further digits:
number: "-"? digit+ ("." digit+)?
digit: "o" | "1™ [ "2" | "3" | 4" | vs" | "e" | 7" | "8" | "9"

This example illustrates the power of EBNF in condensing the structure of a grammar. The question



Table 1: Comparison between BNF and EBNF.

Feature EBNF BNF

Zero or more items items: item* items: € | item items

One or more items items: item+ items: item | item items
. . optitem: [item . .

Optional item P L ] optitem: € | item

optitem: item?

mark (?) after the minus sign indicates that it is optional, while digit+ denotes that there must be one or
more digits. In contrast, writing the same rules in pure BNF would require several more lines to account
for the optionality and repetition, making the grammar harder to read (see Table 1 for a comparison).

By employing EBNF, developers can reduce the complexity of their grammar definitions, making them
easier to maintain and extend. This compactness is particularly advantageous when dealing with large
and intricate programming languages, where clarity and precision are paramount.

In conclusion, while BNF provides the essential framework for defining the syntax of programming
languages, EBNF enhances this foundation with more readable and concise constructs. Both forms
remain critical to the field of language design, serving as tools that help bridge the gap between theory

and practice.

2.3 Computer Programming Education

Learning to program is difficult and requires a lot of hard work, training, dedication and

persistence [Araujo, 2022].

The problem of teaching and learning computer programming is inherently complex, usually leading
students to a lack of motivation, when they encounter some of its many inherent difficulties According
to researchers, the challenges arise at the inception of the learning process, where students struggle to
understand and apply abstract programming concepts in order to design algorithms to solve concrete

problems [Adu-Manu et al., 2013, Araujo, 2022, Gomes and Mendes, 2007, Piteira and Costa, 2013].

2.3.1 Factors that Interfere when Learning Computer Programming

Learning computer programming is influenced by a diverse set of factors, each of which plays a crucial
role in shaping the overall educational experience. These factors can be grouped into distinct categories,

allowing for a more systematic understanding of the challenges students face.
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Attitudes and Competences

One of the main factors influencing the difficulties students face when learning programming is their
attitude towards the problem and their skills to solve it, which leads to a large percentage of students
struggling to solving problems [Araujo, 2022, Gomes and Mendes, 2007].

Students have a hard time understanding the problems they need to solve. This is due to interpreta-
tion difficulties and sometimes because they start solving the problem without knowledge of its context.
Students also have trouble breaking down the problem and removing unnecessary details [Juarez-Ramirez
et al., 2018, Lawan et al., 2019, Qian and Lehman, 2017, Tavares et al., 2015].

Relating new information to previous knowledge reveals itself as a challenge when drawing analogies
with problems they have already solved. This can happen because they find it difficult to reapply knowledge
constructed in previous problems or, when they do, that knowledge is misapplied [Cheah, 2020, Medeiros
et al., 2019, Qian and Lehman, 2017, Araujo, 2022].

Students should also reflect on the problem and their solution. Frequent mistakes are that they either
do not test the solution they have constructed, or when they do, they forget to test for the limit cases [Adu-
Manu et al., 2013, Juarez-Ramirez et al., 2018, Lawan et al., 2019].

Moreover, when it comes to the overall attitude in approaching the problem, there is a lack of persis-
tence, i.e. they give up on problems they cannot quickly find a solution to, usually in favour of looking for
them on the Internet or asking a colleague rather than getting there on their own [Araujo, 2022, Gomes
and Mendes, 2007, Cheah, 2020].

Finally, a lack of mathematical knowledge and logical reasoning, a reduced capacity for abstraction,
and a lack of specific knowledge of programming are also factors pointed out in terms of the students’
missing competences [Medeiros et al., 2019, Araujo, 2022, Bosse et al., 2019a,b, Cheah, 2020, Gomes
and Mendes, 2007].

Study Methodology

In various academic disciplines, the efficiency with which students construct knowledge is significantly
influenced by the study methodologies they choose.

As pointed by Tavares et al. [2015], any student can only learn to program by programming. In the
context of programming education, competency acquisition requires substantial practical and intensive
study. A predominant challenge in this domain lies in the insufficient dedication of students to practice,
obstructing the acquisition of important programming skills [Vledeiros et al., 2019, Gomes and Mendes,

2007].
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Psychological Obstacles

A number of psychological factors have a negative impact on the process of learning to program computers.
One such factor is low self-efficacy, characterised by reduced confidence or belief in the individual’s ability
to cope with challenging situations [Bandura et al., 1999, Araujo, 2022, Medeiros et al., 2019].

Low motivation is another diminishing trace that stems from the aforementioned factor, with students
exhibiting a lack of persistence and a tendency to abandon problems for which immediate solutions are
not readily apparent [Araujo, 2022, Cheah, 2020, Tavares et al., 2015].

Students typically begin their journey into programming at a time of complex life changes, coinciding
in particular with the start of their higher education experience, a period marked by significant transitions
such as the distance from their family, the place where they lived, and their friends [Gomes and Mendes,

2007, Araujo, 2022].

Nature of Programming

When it comes to the intricacies of programming, many factors can be of great impact on the students’
performance. Programming languages usually have complex syntaxes, making it difficult for students to
understand its logic, and consequently comprehend the language itself [Adu-Manu et al., 2013, Cheah,
2020, Araujo, 2022].

Programming also demands a highly developed capacity for dealing with abstraction, a skill that proves
challenging for numerous students to master. Likewise, problem-solving skills, mathematical knowledge
and logical reasoning are also indispensable and frequently difficult to obtain [Piteira and Costa, 2013,

Medeiros et al., 2019, Araujo, 2022].

Teaching Methodology

Educators frequently prioritize teaching specific programming languages and their syntax, rather than
fostering problem-solving skills through the application of those languages. This approach creates a de-
pendency on the language'’s characteristics and commonalities, instead of establishing a strong foundation
to be used with any programming language [Medeiros et al., 2019, Araujo, 2022, Cheah, 2020, Gomes
and Mendes, 2007].

The principles of dynamic and abstract programming are typically taught through static resources such
as slides, books, diagrams and verbal explanations, which do not promote an effective understanding of
its dynamic nature [Adu-Manu et al., 2013, Bosse et al., 2019a, Gomes and Mendes, 2007].

Beyond that, teaching is not personalised to the needs of each student, and teaching strategies usually
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do not accommodate all students’ learning styles. Traditional teaching methods tend to enforce a uniform
pace dictated by the teacher, neglecting variations in students’ abilities and preferences [Bosse et al.,
2019a, Araujo, 2022, Medeiros et al., 2019, Gomes and Mendes, 2007].

Finally, at times, the choice of a programming language for instructional purposes may not align
optimally with its intrinsic characteristics, reducing efficiency and efficacy of the teachinglearning pro-

cess [Cheah, 2020, Gomes and Mendes, 2007, Araujo, 2022].

2.4 Programming Education Tools

As previously discussed, teaching programming can be aided by various types of tools. Some of them
help students to practise exercises autonomously, while others help them in the more abstract aspects,

by visualising the execution of source code.

2.4.1 Automatic Assessment Tools

Automatic assessment tools have their focus on providing students with exercises and immediate feedback
on their solutions, as is the case with Codeboard Vieyer [2024]. This tool allows teachers to create exercises
for their students, defining tests for automatic grading, and to analyse and inspect students’ submissions.
Another alternative is ACEGrader [dos Santos, 2023] which not only analyses the solution dynamically
but also statically. Static analysis consists of checking the source code of the program itself, instead of
analysing the solution. With this, it is able to check if the solution uses the specific concepts the problem
requested, for example checking if the student used recursion.

In line with this theme, there are various tools that encourage student autonomy and efficiency by
being more orientated towards code competitions. This type of solutions, such as uHunt [Halim, 2024],
Kattis [Kattis, 2024] and Mooshak [Leal and Silva, 2003], focus on enabling learners to find problems,
automatic judging of submitted programs and compiling of the result statistics. Some of them, such as

Kattis, can also be used for class assessments, providing automatic code grading.

2.4.2 Source Code Animation Tools

Having another approach, program visualizers (source code animation tools) have a different goal from the
previous tools. Their main objective is to help the student better visualise what is happening when the code
is running. PythonTutor [Guo, 2013] is a solution that fits into this category. The student can visualise,

step-by-step, what each line of code does, set the pace of the demonstration by navigating forwards and
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backwards at their discretion, and view what is the current value of all variables and how they are stored.

2.4.3 Source Code Demonstration Tools

Another way animation is being used to aid learning programming is the animation of source code con-
struction. In this field, Khan Academy [Khan Academy, 2024b] presents a solution within its exercises
section. Their tool comprises a text editor, where the source code is presented, often with comments. The
user is allowed to freely edit the code that is provided. It also has a separate area containing detailed in-
structions for the given exercise. Furthermore, it enables the execution of the source code, with a console
that allows interaction as well as the display of any potential errors. The user is only then permitted to

proceed if the code fulfills the desired requirements when executed.

2.5 Summary

In summary, teaching programming presents several challenges. On the educator’s side, issues can
arise from choosing an inappropriate programming language, focusing too much on the language itself
rather than fostering computational thinking, or failing to tailor their teaching methods to meet the diverse
needs of learners. From the student’s perspective, difficulties may stem from a lack of foundational skills,
such as weak mathematical or abstract thinking abilities, or trouble interpreting and breaking problems
down into smaller, manageable tasks. Additionally, students often face challenges related to motivation
and persistence, including giving up early when encountering initial obstacles or struggling to develop
autonomy in their learning process.

To address some of the identified challenges, various programming education tools have been devel-
oped. Automatic assessment tools, for instance, focus on enhancing student autonomy, allowing learners
to track their own progress and, often, enabling educators to monitor their development as well. Source
code animation tools help students visualize how code executes, which improves their ability to grasp ab-
stract concepts and promotes greater independence in learning. Additionally, there are tools that fall into
the category of source code demonstration tools. These are designed to support students in writing code
by providing partially completed templates that they must finish. This approach not only fosters autonomy
and offers a more hands-on learning experience, but it may also aid students in learning the process of
computational thinking by helping them understand how to break down problems into smaller parts, thus
boosting motivation.

The tool developed in this project (Stepwise Source) belongs to the category of source code demon-
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stration tools. Its purpose is to assist educators in better explaining the process of computational thinking
and source code construction. Stepwise Source” is able to create presentations that include explanations,
annotations and exercises, which students can later use for independent study, receiving instant feedback
as they work. Additionally, it allows learners to progress at their own pace, promoting greater autonomy in

the learning process.

3 Stepwise Source is accessible at: http://stepwisesource.epl.di.uminho.pt/.
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Chapter 3

Stepwise Source, Architecture

This section delves into the intricacies of Stepwise Source’s architecture, elucidating its components and
foundations. Figure 2 portrays the architecture of the application, showing its primary functionalities and

data structures.

.
: Internal
: Source .
; Aggregator Representation
Code )
: Annotations
------------ Presentation
""""""" Generator
EAnnotationsi Parser Annotations Answer ;
E i AST Interpreter Progressive
Demonstration
______ pooo '
Professor Student

Figure 2: Stepwise Source’s architecture.

Stepwise Source requires input from the educator in the form of a presentation written in Stepwise
Language, a DSL that was designed specifically for this Project. In a presentation, the educator provides a
sequence of slides that contains the source code', whose construction will be demonstrated and explained
to the student, and annotations to this source code that will offer guidance to the student on how to carry

out said construction.

3.1 Parser

In order to generate a presentation, the system processes the annotations through its Parser, thus gener-
ating ASTs. Itis important to note that the source code itself is not parsed. Stepwise Source’s Parser only

deals with the annotations that are inserted into it, which inherently makes the whole system language ag-

1 The term source code in this dissertation refers to the contents of a slide, not the source text of the presentation itself.
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nostic. As long as the annotations are correctly written (syntactically speaking), and all special characters
are escaped inside the source code, Stepwise Source will correctly generate the presentation.
In the scenario of this project, the AST serves as a guide for Stepwise Source, indicating which sections

of the code are presented at each step, outlining the potential paths the presentation may follow.

3.2 Aggregator

Subsequently, the Aggregator component is responsible for generating the Internal Annotation Represen-
tation by merging the AST of the annotations with the source code. This source code, annotated by the
educator, is enriched with specific commands that define how the presentation will unfold, detailing the
number of steps, possible variations, and questions for the students. Through this process, the Aggregator
constructs the internal representation of each potential step, ensuring that Stepwise Source can accurately

follow the desired structure and interaction dynamics.

3.3 Answer Interpreter

The educator will not be the only actor providing information for the design of the presentation. In turn,
the student will also provide answers to the exercises in the slides. This information will be processed by

an Answer Interpreter so that it can provide automatic feedback on the response.

3.4 Presentation Generator

In the end, there is the Presentation Generator, a functionality responsible for displaying and navigating
the final presentation. It relies on the results of the Aggregator to create a live demonstration based on
the source code and the annotations added to it, as well as on the Answer Interpreter for the exercises'’

feedback.

3.5 Summary

In the domain of teaching computer programming, continuous evolution is fundamental to cultivate effec-
tive and engaging learning experiences. As elucidated in Chapter 2, there is still room for improvement in
the current pedagogical scene. In response to this need, this chapter seeks to unveil a comprehensive so-

lution designed to bridge certain gaps and improve the teaching of programming when it comes to source
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code demonstrations.

The solution proposed in this document (Stepwise Source) consists in an application that aims to
simulate the construction of source code in a progressive manner, similar—albeit not identical—to a live
demonstration. The main difference relies on the fact that the student itself will determine its rhythm by

controlling the progression or regression of steps according to his or her preferences.
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Chapter 4

Stepwise Language

Chapter 3 outlined the structure of the system, highlighting the core components that drive the application.
Among these, the Parser plays a pivotal role in processing input and enabling interactions within the system.

This chapter focuses on the formal foundation that underpins Stepwise Source’s language processing
capabilities. By applying the principles of formal grammars, it becomes possible to understand how
specific rules and syntactical structures form the basis of Stepwise Language. These foundations guide
the interpretation of commands and ensure that inputs are correctly processed by the system. From
fundamental concepts of syntax definitions to the tailored constructs developed for this Project, this chapter

will provide insight into the precise mechanisms behind the DSL created for and used by Stepwise Source.

4.1 Overview and Use

In contemporary educational contexts, the effective delivery of content is pivotal for facilitating student en-
gagement and comprehension. This Project introduces a DSL designed to empower educators in teaching
computational thinking and programming through the creation of interactive and visually appealing presen-
tations. Central to this DSL are several key commands that provide educators with the tools to structure
their lessons, style what is covered, integrate interactive components, and regulate the information flow.
This section provides a detailed exploration of these commands, including their syntax, components, and

practical applications.

4.1.1 Defining a Slide

At the core of any presentation crafted using this DSL lies the concept of a slide, an essential element
that encapsulates both structure and content (see Listing 4.1 for its declaration syntax). The creation of
a slide begins with the \s1lide command to define a new slide. Each slide is designated by a unique

identifier (ID) that facilitates reference throughout the presentation, ensuring that content is organized
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Listing 4.1: Syntax for a slide with an optional description.

\slide{ H }
\description{ }
\begin

\end

Listing 4.2: Example of a slide on variable declaration.

\slide{Intro}{Introduction to Variables}
\description{Variables are used to store values that can be accessed
< later on.}

\begin

int main(int argc, char *argv[]) \{
int x = 5;
int y = x + 10;

\}

\end

and coherent.

The title of the slide, represented by the TITLE parameter, provides a succinct overview of the slide’s
focus. It sets the stage for the audience, offering a glimpse into the topic being addressed. Complementing
this, an optional description can be included through the \description command, adding an extra
layer of context and enriching the slide’s message. This description elaborates on the content, helping the
audience to better understand the significance of what they are about to learn.

To encapsulate the main content of the slide, the \begin and \end commands create a block where
the primary material resides. This content can consist of various elements, including code snippets,
explanatory annotation text, or other instructional materials relevant to the educational objectives. The
ability to insert diverse types of content within this structure allows educators to tailor their presentations
to suit different teaching styles and student needs.

As an running example for the rest of this section, a slide designed to introduce the concept of variable
declaration in computer programming using the C language is presented in Listing 4.2. In this example,
the slide (whose ID is Intro) begins with a clear title that indicates its purpose (Introduction to
Variables), while the description succinctly explains the function of variables in programming. The
block of content then demonstrates the concept with concrete examples, thereby supporting student com-
prehension.

Overall, the cohesive design of these elements allows for a structured flow of information, allowing
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Listing 4.3: Syntax for the declaration of new styling commands.

\newreactive{ H ; = ;... }
\newfixed{ H ; = ;... )

educators to convey complex concepts in a clear and precise manner. By thoughtfully assembling each
slide with the appropriate components, the DSL facilitates an effective learning environment that adapts

to the needs of both teachers and students.

4.1.2 Styling

In addition to the foundational structure of slides, the visual presentation of content plays a vital role in
effective communication. To enhance the clarity and appeal of presentations, the DSL offers two distinct
commands that specify visual styles for annotations: \newreactive and \newfixed.

The \newreactive and \newfixed commands both have the essential function of defining cus-
tom styles which can be applied to the content’s annotations, giving educators a versatile way of enhancing
the visual appearance of their presentations. Both commands ensure that particular aspects of the pre-
sentation stand out and call attention to important information by establishing specific styles. These
instructions contrast in how and when they deliver the styles to the audience, even though they both aim
to improve content presentation.

The \newfixed command, on one hand, ensures that the applied styles are visible at all times,
providing immediate and constant context to the audience. This approach is useful in scenarios where
frequent reference to important information is necessary, offering a stable and predictable presentation
experience.

On the other hand, the \newreactive command introduces a dynamic element by revealing styles
only upon user interaction, such as hovering or clicking on an element. This feature reduces initial visual
clutter, creating a more simplistic experience. It is particularly advantageous when a gradual reveal of
information is desired, allowing educators to control the pacing of content delivery.

The syntax for defining these style commands is presented in Listing 4.3. In both declarations, ID
serves as the identifier for each styling command definition, allowing it to be referenced throughout the
presentation for consistent application. The KEY and ATTRIBUTE components consist of a set of CSS-
like styling rules that can encompass various attributes such as text color, font weight, and other visual

properties that contribute to the overall aesthetics of the content'.

1 The list of keys and attributes is presented in Subsection 4.1.4.
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Listing 4.4: Example of use for the \newreactive and \newfixed commands.

\newreactive{highlight}{text-color: green; bold;}
\newfixed{removed}{text-color: red; strikethrough;}

\slide{Intro}{Introduction to Variables}
\description{Variables are used to store values that can be accessed
— later on.}
\begin
int main(int argc, char *argv[]) \{
\highlight{int x = 5;}{Initial value of x.}

\removed{int x = x + 10;}{This is wrong!}
\}
\end
Listing 4.5: Syntax for the declaration of macros.
\ { H }

To illustrate the application of these commands, Listing 4.4 adds them to the running example of
Listing 4.2. In this example, the highlight style (applied on line 7 via the \highlight command)
emphasizes key information using green and bold text, while the removed style (line 8, via \removed)
can effectively signal to students which elements have been removed from prior discussions with a red
colour and strike-through effect.

Such visual distinctions serve to guide students’ attention to significant aspects of the material, akin

to what a teacher would do while explaining a snippet of code in class.

4.1.3 Macros

To enhance consistency across presentations, the DSL provides robust support for predefined annota-
tions in the form of macros. This feature allows educators to associate specific styling commands with a
descriptive text, promoting both reusability and uniformity across multiple slides. By leveraging macros,
educators can ensure that similar elements maintain the same visual appearance, which can significantly
improve the coherence of the presentation.

Listing 4.5 presents the syntax for macro declarations. COMMAND refers to a styling command previ-
ously created with either \newreactive or \newfixed. ID serves as a name for the new macro that
will apply to the annotation the same style as \COMMAND, including a PREDEFINED COMMENT comment.

To illustrate the use of macros, consider the code in Listing 4.6, built on the running example of

Listing 4.4. In this case, the declaration:
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Listing 4.6: Example of a macro.

\newreactive{highlight}{text-color: green; bold;}
\newfixed{removed}{text-color: red; strikethrough;}

\removed{wrong}{This is wrong!}
\slide{Intro}{Introduction to Variables}

\description{Variables are used to store values that can be accessed
— later on.}

\begin

int main(int argc, char *argv[]) \{
int x = b5;
\wrong{int x = x + 10;}

\}

\end

\removed{wrong}{This code was removed.}
defines a new macro (\wrong) that will apply the same style as \removed, along with a comment
(This is wrong!). Line 10 of Listing 4.6 shows how to use this macro. Differently from the commands
created with \newreactive and \newfixed, \wrong does not allow for a comment as a second
argument, given that it is predefined in its declaration (line 4).

Macros allow teachers to efficiently apply consistent styling and commentary across various parts of
the presentation, thereby smoothing their workflow. In its core, these predefined annotations consist of

shortcuts for reusing the same visual styling and comments in one command, and avoid repetition.

4.1.4 Styling Keys and Attributes

Stepwise Source DSL employs a CSS-like syntax for defining styles. This familiar structure assists edu-
cators who may have prior experience with web development, allowing them to focus on content creation
rather than navigating complex formatting rules. Educators can apply colours through specific attributes
such as text-color, background-color, and border-color. The colours themselves can be
specified either by their common names (e.g. red, green, and blue) or by hexadecimal codes in the
standard format \#XXXXXX. This flexibility enhances the customization options for presentations.

Table 2 provides a comprehensive overview of the DSL's styling keys and attributes, illustrating how
they correspond to standard CSS properties. By adopting a familiar syntax, the DSL not only enhances
usability but also empowers educators to create visually appealing presentations that effectively convey

their intended messages.

23




Table 2: Translation of DSL styling keys and attributes to CSS.

DSL CSS Equivalent Description

text-color: red color: red Changes the text color to red, drawing attention to
highlighted text.

background-color: blue background-color: blue Sets the background color to blue, useful for empha-
sizing sections.

border-color: #FAOC25 border-color: #FAOC25 Defines the color of an element’s border as a specific
hex code, highlighting areas effectively.

bold font-weight: bold Highlights key terms or code for emphasis.
strikethrough text-decoration: line-through Visually indicates removed or outdated content.
underline text-decoration: underline Can be used to underscore important points or warn-
ings.
text-style font-style Applies styling to text, with options for italic and
oblique for emphasis or differentiation.
text-size: 16 font-size: 16px Sets the font size of the text, allowing for adjustments
in readability.
text-align: center text-align: center Aligns the text to the center of the element, useful for

headings or important messages.

Listing 4.7: Syntax for exercises creation.

\exercise{/ /H }

4.1.5 Interactive Exercises

A distinctive feature of this DSL is its ability to incorporate student engagement through the \exercise
command, whose syntax is shown in Listing 4.7. This command is integral for creating interactive elements
within the presentation, fostering active participation and self-assessment among students.

In this syntax, REGEX is a regular expression that automatically validates the input provided by the
student, ensuring the accuracy of their responses. The PROMPT serves as the question or statement
presented to the student, guiding their interaction and prompting them to reflect on the presentation.

In order to illustrate the application of interactive exercises, consider the example in Listing 4.8, which
allows for immediate student feedback. In this instance, the command:
\exercise{/[0-9]+/}{Complete the code...}
prompts students to input a valid number, checking their response against the specified regular expres-
sion. This interactivity not only enhances student involvement but also enables them to self-assess their
understanding in real-time.

Utilizing interactive exercises fosters an engaging learning environment, allowing students to test their
comprehension and receive immediate feedback based on their inputs. Such features not only promote

active learning but also encourage students to engage more deeply with the material, ultimately enriching
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Listing 4.8: Example of an interactive exercise.

\slide{Intro}{Introduction to Variables}
\description{Variables are used to store values that can be accessed
— later on.}
\begin
int main(int argc, char *argv[]) \{
int x = \exercise{/[0-9]+]/}{Complete the code by assigning an
< integer value to the variable 'x'.};
int y = x + 10;

\}
\end

Listing 4.9: Syntax for the \order command.
\order{ }

the overall educational experience.

4.1.6 Presentation Flow

Controlling the flow of the presentation is essential to effectively convey information. The mandatory
\order command enables this by allowing educators to dictate the sequence of slides, thereby creating
dynamic, branching paths that are tailored to the audience’s needs.

Listing 4.9 shows the syntax of the \order command. SLIDE_LIST represents the list of identifiers
that dictates the order in which the slides will be presented. It is specified by a comma-separated list of
slide IDs. Additionally, the fork feature allows educators to create branches in the presentation using the
pipe operator (), enabling conditional paths based on audience interaction or the flow of discussion.

To illustrate the functionality of the \order command, consider the example in Listing 4.10. It defines
a presentation flow that starts with Intro, followed by Variables, where the presentation can diverge
to either provide examples (Examples) or conduct a quiz (Quiz). Finally, the path merges and concludes
the presentation with Conclusion. This flexibility allows for a tailored educational experience that adapts
to the audience’s needs, enhancing engagement and comprehension.

By utilizing the \order command, educators can effectively manage the presentation’s flow, ensuring
that content is delivered in @ manner that is both engaging and responsive to the dynamics of the classroom

environment.
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Listing 4.10: Example of the \order command.

\slide{Intro}{Introduction to Variables}

\slide{Variables}{How to Declare Variables}

\slide{Examples}{Examples: Declaring Variables}

\slide{Quiz}{Quiz: Variable Declaration}

\slide{Conclusion}{The End}

\order{Intro, Variables, (Examples | Quiz), Conclusion}

Listing 4.11: Initial production rule.

start: commands

commands: command+ order

command: slide description? code_block
| nreactive
| nfixed
| macro

4.2 Formal Definition

An EBNF grammar was written® in order to capture the syntax and structure required for Stepwise Lan-
guage’s specialized commands®. EBNF’s flexibility and precise notation make it ideal for defining the
sequence, hierarchy and optionality inherent in this language’s features. This section provides a detailed
analysis of each production rule within the EBNF, starting with the overall structure of the language and
proceeding through the components of each command, including slides, style definitions, macro declara-
tions and presentation order.

The EBINF definition for Stepwise Language begins with the required start production rule, as seen
in Listing 4.11. This initial rule is defined as a list of commands, including slide definitions (line 4), style
(lines 4 and 5) and macro (line 6) declarations. After all the commands are set, the presentation order is

defined.

2 The source code for the whole project including the language can be found here: https://github.com/Yakaril44/StepwiseSource
3 More specifically, the grammar was written in Lark’s dialect for EBNF in order to both design and implement the parser.
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Listing 4.12: Slide declaration production rule.

slide: u\\u SLIDE u{u ID n}n u{u TEXT n}u

SLIDE: "diapositivo" | "slide"

ID: "a"..“Z"l”A".."Z“)(“a".."Z“I"A“.."Z"I“_"I“O".."9“>*
TEXT: /COAN\\D) 1 ([7}))+/

Listing 4.13: Description production rule.

description: "\\" DESCRIPTION "{" TEXT "}"

The slide command has three main components, represented by non-terminal symbols: slide,
description (optional), and code_block. The slide non-terminal rule, shown in Listing 4.12, maps
to the slide command with an identifier and a title. The slide keyword is defined in both Portuguese and
English® (line 2), while the slide identifier follows typical identifier syntax: a letter followed by alphanumeric
characters (line 3). The title uses the TEXT terminal symbol (line 4), which matches either escaped curly
brackets (\}) or any character with the exception of a closing curly bracket.

The description command, shown in Listing 4.12, uses the same TEXT terminal for specifying
text content. The code_block command, meanwhile, encapsulates content within BEGIN and END
keywords, as shown in Listing 4.12.

Inside a slide’s content, it is possible to include both source code (in any programming language lan-
guage) and Stepwise Language commands. The EBNF rule for content, shown in Listing 4.14, includes
three commands. The first is the EXERCISE command, which accepts a regular expression (REGEX,
defined on line 6) and a text value (line 3) as arguments. The NOT END commands (lines 4 and 5) so
declared to ensure they do not accidentally signal the end of the slide, as would happen if their identifiers
were end. Instead, by using the terminal NOT _END, these command definitions operate within the slide’s

content without triggering its conclusion.

All keywords are defined in both languages. Identifier, by their own nature, can be written in any language that uses the English alphabet.

Listing 4.14: Production rule that corresponds to the content of a slide.

code_block: "\\" BEGIN content "\\" END

content: (entry | code)+

entry: "\\" EXERCISE "{" REGEX "}" "{" TEXT "}"
| "\\" NOT_END "{" content "}" "{" TEXT "}"
| "\\" NOT_END "{" content "}"

REGEX: /\/(\\\/I1["\/1)+\

code: CODE

CODE: / ONNANIANNNT INNN{ T EONNNINA{D) +/
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Listing 4.15: Production rules to declare new styling commands.

nreactive: "\\" NEWREACTIVE "{" ID "}" "{" mycss (";" mycss)* "3}"
nfixed: "\\" NEWFIXED "{" ID "}" "{" mycss (";" mycss)* "}"
mycss: TXT_COLOR ":" COLOR

| BG_COLOR ":" COLOR

| BORDER_COLOR ":" COLOR

| BOLD

| ITALIC

| UNDERLINE

| STRIKETHROUGH

| TXT_SIZE ":" NUM

| TXT_ALIGN ":" ALIGN

Listing 4.16: Macro production rule.

macro : ll\\ll MACRD ll{ll ID Il}ll ll{ll TEXT ll}ll
MACRO: /(?!"newreactive"|"newfixed"|"order"|"novoreativo"|"novofixo"|
«— "ordem") [a-z_A-Z][a-zA-Z_0-9]1x%/

Source code, defined by the CODE terminal, supports any kind of character and escaped symbols
that are preceded with backslash (\). It is designed to allow for the use of any programming language
inside Stepwise Source, even those that require characters that are reserved for Stepwise Language, such
as open and close curly brackets, and backslash itself. The listings in Section 4.1 that contain a running
example of slides with a source code written in C show that, in order to use curly brackets to open and close
blocks of code, it is necessary to escape them with backslash (\{ and \}). This strategy, very common
in other languages, even allows the use of Stepwise Language source code inside itself, as the content of
a slide”.

The nreactive and nfixed rules, detailed in Listing 4.15, share a similar syntax and only differ by
their keyword. They define a unique identifier followed by a list of CSS-like styling rules, each separated
by a semicolon.

The macro rule (Listing 4.16) is defined similarly to the other command rules, but without a specific
keyword. The MACRO terminal captures identifiers that do not conflict with the other command keywords
using a negative lookahead to avoid them. The remaining syntax aligns closely with that of the other
commands.

The final command rule defined in the Stepwise Language’s EBNF, order, is shown in Listing 4.17.
This command uses a hierarchy of productions to handle command ordering and prioritization. The recur-

sive structure self-manages precedence: parentheses and identifiers are evaluated first, followed by the

5 In a similar fashion to programming languages bootstrapping.
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Listing 4.17: Presentation order production rule.

order: "\\" ORDER "{" exp "}"
exp: term

| exp ("," term)
term: factor

| term ("|" factor)
factor: ID

[ "(" exp ")"

Listing 4.18: Ignoring whitespace.

%import common.WS
%ignore WS

pipe operator (|) and then commas, as the lowest priority.

In addition to commands, the EBNF also ignores whitespace, which is implemented as shown in

Listing 4.18.

4.3 Summary

The Stepwise Source DSL presented in this chapter establishes a comprehensive framework for creating
interactive, styled, and logically organized presentations. By integrating commands for defining slides,
applying styles, incorporating interactive exercises, and managing the presentation flow, this DSL empow-
ers educators with effective tools to enhance student’s engagement and understanding. This innovative

approach not only facilitates effective teaching but also transforms the learning experience into a more

dynamic and participatory process, from the student’s point-of-view.
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Chapter 5

Stepwise Source, Development

A series of carefully thought-out technological decisions shaped the application as the transition from the
conceptualization stages to the actual implementation occurred. This chapter outlines the rationale behind
these choices, emphasizing how each component—from the parser to the frontend—integrates to form a

seamless Web App.

5.1 The Parser and Interpreter

The selection of the programming languages and tools for building the parser was crucial in setting a
strong foundation for the system. Python [Python, 2024] was chosen due to its flexibility, ease of use, and
the wide range of libraries available. Among these libraries, Lark was selected for its ability to easily and

rapidly construct a parser suited for Stepwise Language.

5.1.1 Interpreter Class

The implementation of Lark’s Interpreter module in this project enables a customized parsing process
tailored to the needs of the DSL. Beyond basic command interpretation, the Interpreter class traverses
the AST, handling each node to build the core data structures required by the parser, while ensuring
efficient communication with the database.

The Interpreter class includes key properties for managing data that is essential to Stepwise Source’s
functionality, including commands and slides declarations, the current slide’s identifier and content, and
the order structure, as shown in Listing 5.1

Beyond its internal properties, the Interpreter class also implements methods for each of the non-
terminal symbols in the grammar. Beginning with the annotation style declarations, in order to convert

the CSS-ike syntax of the Stepwise Language into CSS (as explained in Subsection 4.1.4), the function in
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Listing 5.1: Init function and class properties.

def _ _init__(self):

self.cmds = {}

self.slides = {}

self.current_slide = ""
self.current_content = []

self.order_array = []
self.order_ids = []

Listing 5.2" translates each property into CSS-compatible strings. This function iteratively processes each
token, adding the appropriate CSS formatting.

The Interpreter also includes functions to create objects that get stored in the database. The function
in Listing 5.3 gathers CSS data and an identifier to add a fixed command (declared in Stepwise Language
via \newfixed) to the command object. This function operates similarly to the one handling reactive
commands, as they process almost identical non-terminal symbols.

The presentation order command (stored in self.order_ids and self.order_array) is han-
dled by the functions order(...) and exp(...) (see Listing 5.4). The former is responsible for
storing the order of the presentation, while the latter parses the slide order expression declared inside the
\order command parameter. Since the operator precedences were structurally defined in the EBNF?,
as mentioned in Section 4.2, the interpreter only has to collect and store the data. It checks each token,
determining whether it represents a stopping point or a recursion case, structuring the data accordingly.

Every time a slide declaration is parsed, a new slide object is created and set as the current one (see
Listing 5.5). The Interpreter then iterates through the slide’s contents, populating the slide object with
properties. The annotated source code inside the slide’s content is translated into HTML in order to style
it accordingly, with each exercise command converted to an input text box (see Listing 5.6).

With all input data parsed, collected and structured, the last step is to generate a unique identifier for

the presentation—and check if it has not been already assigned—to finally store it within the appropriate

1 Notice that this function is directly related to its grammar counterpart in Listing 4.15.
2 These precedence rules are almost identical to usual arithmetic precedence definitions in regular programming languages.
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Listing 5.2: Function that translates the DSL's styling keys and attributes to CSS.

def mycss(self, tree):
f = O, t = """
for e in tree.children:

if e.type == "BOLD":
t += "font-weight : bold"
elif e.type == "ITALIC":

t += "font-style : italic"

else:
if not f:
t += e.value
f =1
else:
t += " " + e.value
return t

Listing 5.3: Function that parses fixed style command declarations. Its reactive command counterpart is
almost identical.

def nfixed(self, tree):
key = nun
css_properties = []
for e in tree.children:

if type(e) == Tree:
if e.data == "mycss":
css_properties.append(self.visit(e))

else:
if e.type == "ID":
key = e.value
self.cmds [key] = {"category": "command", "type": "fixed", "style"
— : css_properties}
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Listing 5.4: Functions that parse the presentation order command.

def order(self, tree):

r = [], self.order_ids = []
for t in tree.children:

if type(t) == Tree:
r.extend(self.visit (t))
self.order_array = r

def exp(self, tree):

t = None, is_seq = False, is_fork = False
for e in tree.children:
if type(e) == Tree:
if e.data == "term":
term = self.visit(e)
t = term[0], is_fork = term[1]
elif e.data == "exp":
is_seq = True

exp = self.visit(e)

if is_fork:

t = [t]
if is_seq:

exp.extend (t)

return exp
else:

return t

Listing 5.5: Slide structure initialization function.

def slide(self, tree):

self.current_slide = slide_ID
self.slides[self.current_slide]["code"] = "<span class='code'
< ='" + slide_ID + "'>"

(]

self.slides[self.current_slide] ["annotations"]
self.slides[self.current_slide]["description"] =

id
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Listing 5.6: Slide's content processing functions.

def exercise(self):

self.slides[self.current_slide] ["exercises"]["#" + str(i)] = {"
— regex": reg, "text": text}

r = "<input type='text' class='exercise' regex='" + reg + "'
— title='#" + str(i) + "'></input>"

return r

def not_end(self):

(%
self.slides[self.current_slide] ["annotations"].append(name)
return "<span command='" + name + "' class='" + self.cmds[name]['
< command'] + "'>" + cont + "</span>"

tables in the database.

5.2 Database

Given the importance of managing and retrieving complex data, choosing a suitable database was essen-
tial. MongoDB [MongoDB, 2024], a document-based database, was selected for its flexibility in handling
the structured data generated by the parser. Its capacity to store JSON-like documents made it highly
compatible with the system'’s data structures and Python's internal libraries and functionalities, enabling
seamless integration and optimal storage for content and configurations.

To effectively organize the parsed data structures within MongoDB, the database system is divided into
three collections: presentations, annotations, and orders. Each collection plays a specific role in managing
the structured information resulting from Stepwise Language's parsing.

The presentations table stores presentations that contain an identifier, a name, the original text input
used to generate the presentation, and a list of processed slides. Each slide within a presentation includes
its identifier, title, description, generated HTML code, a list of annotation identifiers, and a list of exercises,
where each exercise entry specifies its identifier, assessment regular expression, and question.

In the annotations table, each entry represents the annotations linked to a specific presentation. This
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Listing 5.7: Order Syntax Example.

[Beginning, [[Tips], [Exercise]], Syntax, Ending]

table includes the presentation identifier it refers to, alongside a list of annotations. Each annotation entry
has an identifier and a category attribute, classifying it as either a "command" or "macro". Entries in
the "command" category also include a type and a list of styling attributes, while those in the "macro"
category contain the command that created it and the associated text.

The final table, orders, holds the structural order of each presentation. Each order entry includes
the presentation identifier and an order string that defines the slide arrangement. The syntax, shown in
Listing 5.7, organizes slides by identifier. Nested lists in the order string represent forks, with each path
in a fork following the same syntax as the main order. This organization allows each path to be processed

as an independent presentation structure.

5.3 Backend

The backend serves as the intermediary layer, managing communication between the frontend, the parser,
and the database. Built with JavaScript [Eich, 1995] and Express.js [Express, 2024], the backend effi-
ciently handles requests and processes data, whether it involves retrieving stored content from MongoDB
or sending commands to be processed by the Python-based parser. This architecture enables the fron-
tend to dynamically interact with the system, providing the necessary content to users without delays or

inconsistencies.

5.3.1 Connection with the Database

As mentioned in Section 5.2, Stepwise Source’s database is powered by MongoDB. To enable interaction
between the Express.js backend and MongoDB, the Mongoose [Mongoose, 2024] package was utilized.
Mongoose serves as an Object Data Modelling (ODM) library, simplifying the process of accessing and
manipulating MongoDB data through schema-based models.

The interaction with the data stored in MongoDB requires each collection to correspond to a model that
defines its structure. For instance, the model for the Annotations collection includes its schema, specifying
the data fields, their requirement and validation. In this case, each slide’s annotations are modeled as

shown in Listing 5.8.
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Listing 5.8: Basic structure of the Annotation model.

var annotationSchema

= new mongoose.Schema ({

idDemo: String,
annotations: [
idAnnotation: {
type: String,
required: true
},
category: {
type: String,
required: true
+,
command: {
type: String,
validate: {
validator: function(v) {
return this.category ==
3,
message: 'This is a macro,
3,
+,
text: {
style: {
type: [Stringl,
validate: {
validator: function(v) {
return this.category ==
1,
message: 'This is a command,
3,
3,
type: {
]

b

'macro’

it must have a command.'

T,

'command '

it must have a style.'
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Common Attributes

Each annotation can have two distinct formats, but there are common attributes to all of them. For
example, both idAnnotation and category are defined as required strings. Listing 5.8 shows the

definition of idAnnotation, which follows a similar pattern for the category field.

Conditional Validation for Distinct Attributes

Certain attributes vary based on the type of their annotations. To handle this, a validation function was
implemented to ensure that specific attributes only exist where appropriate. For instance, entries with the
macro category require command and text attributes, while those with the command category require
style and type attributes. Listing 5.8 provides an example of the style field definition, which includes

a custom validation to check its command category.

Nested Schemas

In addition to simple data types like strings and numbers, certain attributes may require more complex
types, such as arrays or nested objects. Mongoose allows for the definition of these attributes through
nested schemas. For instance, the exercises field in the Slide model is an array of exerciseSchema
objects. This modular approach keeps the codebase organized and readable. Listing 5.9 shows how the
exercises field is defined within the slideSchema.

The corresponding exerciseSchema is then defined separately, as demonstrated in Listing 5.10,
ensuring that each exercise follows a consistent structure containing its own unique attributes, such as

idExercise, regex, and text.

Exporting the Schema

Once the schema for the annotations collection is fully defined, it can be exported for use across the
application using mongoose .model, as shown in Listing 5.11.
By using Mongoose in this manner, the project ensures clear, modular, and maintainable schema

definitions, with seamless interaction between the backend and the database.

5.3.2 Connection with the Web Application

In addition to its role in database interaction, the backend also manages communication with the web

application. This is achieved by exposing predefined API routes that the frontend can use to send or request
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Listing 5.9: Definition of exercises field in the slideSchema.

var slideSchema

= new mongoose.Schema ({

idSlide: {
type: String,
required: true
3,
code: {
type: String,
required: true
3,
text: {
type: String,
required: true
},
description: {
type: String,
required: true
},
annotations: {
type: [Stringl,
required: true
+,
exercises: {
type: [exerciseSchemal,
required: false
b
b
Listing 5.10: Definition of exerciseSchema
var exerciseSchema = new mongoose.Schema ({
idExercise: {
type: String,
required: true
},
regex: {
type: String,
required: true
},
text: {
type: String,
required: true
}
}, { versionKey: false })

Listing 5.11: Exporting the annotationSchema model.

module.exports

= mongoose.model ('annotation', annotationSchema);
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Listing 5.12: Function that lists all the existing presentations.

module.exports.list = () => {
return Demo.find ({}, {idDemo: 1, demoName: 1})
.then(docs => {
return docs
B
.catch(erro => {
return erro

b

specific data. These routes enable the client to make HTTP requests to the server, which processes them
and returns the appropriate responses.

When the client-side application needs to retrieve information from the database, it initiates a GET re-
quest to the backend. The server then interacts with the database, fetches the required records, processes
them as needed, and responds to the frontend with the appropriate data.

Several routes are available for various tasks, such as retrieving all presentations stored in the database
or obtaining details for a specific one. For instance, when the frontend requests a list of all presentations,
it sends a GET request to the /api/presentations route in the backend. This request triggers the
execution of the 1ist function that can be seen in Listing 5.12. The function is defined in the backend
and utilizes the Mongoose's find (. . .) method to query the database for all presentations. However,
instead of retrieving all fields for each presentation, the query is restricted to only return two specific fields:
idDemo and demoName. This ensures that only the necessary information is sent back to the frontend,
optimizing performance and reducing payload size. Once the query completes, the list of presentations
is displayed to the user. If an error occurs during the database query, the function catches the error and
sends it back as the response, allowing the frontend to handle the issue accordingly.

To fetch a specific presentation, the frontend includes the presentation’s ID as a parameter in the
URL (e.g., /api/:idDemo). The server then queries the database for the corresponding presentation.
In cases where only partial data is required, such as when the frontend requests an exercise’s input text
to enable user interaction, the server ensures that only the relevant information is returned, keeping the
response efficient.

Apart from GET requests, the backend also handles POST requests, which allow the frontend to
send new data to be stored in the database. For example, when a user creates a new presentation, the
frontend submits a POST request containing essential details such as the presentation’s name and source

text. The backend forwards this information to the parser, which validates the syntax and generates the
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necessary structured data for the presentation. Once the parser is done, the new presentation is saved in
the database, and its generated ID is returned to the frontend. Should any errors occur, the server sends
an error message back to the client, allowing the user to address the issue.

A similar process applies when a user edits an existing presentation. The key difference is that the
frontend includes the presentation’s ID in the request, enabling the backend to update the correct record.
Beyond that, the workflow is the same as when a new presentation is created.

Finally, the backend supports a third type of POST request when users submit feedback regarding
Stepwise Source in the About page. This feedback is relayed to the interested individuals via email, by

leveraging the Mailgun API [Mailgun, 2024] service.

5.4 Web Application

The frontend was developed with Create React App [Create React App, 2024] due to its simplicity and
efficiency. React’s component-based architecture made it easier to manage dynamic content and consis-
tency throughout the application. This framework allows the Web App to render and update the learning
materials in real time, providing an interactive experience for users.

The web application is divided into six pages: Home, About, Documentation, Presentation List, Pre-
sentation Editor, and Presentation Navigator.

The Home page serves as the primary point of contact between users and Stepwise Source. The
home page is designed to leave a strong first impression. Since this is the landing page, the goal was to
create a clean, intuitive interface that clearly communicates the App’s purpose and functionality.

The About page provides users with a comprehensive overview of Stepwise Source, covering its pur-
pose, the team behind its development, and options for user feedback. Implemented as a React com-
ponent, this feedback form communicates with the backend upon submission, triggering a notification to
the development team, as the Subsection 5.3.2 previously described. This page was designed to com-
municate the core objectives of the project and offer an accessible channel for users to connect with the
development team.

The Documentation page assists users with understanding the structure and usage of the DSL and
the Web App. This page is divided into three primary sections: an introductory landing area, the main
documentation content, and a practical example. The practical example is the tutorial’'s source code
being dynamically retrieved from the backend rather than hardcoded in the frontend, ensuring it updates

automatically whenever the tutorial presentation is modified.
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Listing 5.13: Connection between the Presentation List page and both the Editor and Navigator.

const navigate = useNavigate();
navigate('/demo/${idDemo} ") ;

const navigate = useNavigate();
navigate('/edit/${idDemo}"');

As the hub of management for the App, the Presentation List page allows users to access and manage
all presentations created within the platform. This page displays a table with two columns: the first lists the
names of each presentation, guiding users to identify relevant content, while the second provides action
buttons for each presentation. The frontend sends a GET request to the backend to retrieve the necessary
data—a list of all available presentations and their respective names. This request process is detailed
in the backend section (see Subsection 5.3.2). Each presentation is then displayed as a row within the
presentations table. The redirection, both for the “Go To” and the “Edit” buttons, is implemented using
the React’'s navigate (. . .) function, as illustrated in Listing 5.13.

The Presentation Editor page provides users with an editor component and three basic operations
to write or edit presentations. The operations were implemented through handler functions as shown in
Listing 5.14. This is the page that educators would use to create or edit their presentations.

Finally, the Presentation Navigator page renders the presentations, and allows students to navigate
the source code demonstration using links and a navigation graph. The styling from the DSL is translated
into HTML and CSS in order to show comments and highlights in the correct visual format (as explained in
Section 5.1). Styled code portions are wrapped in span tags with specific classes, generated by the parser.
Listing 5.15 shows the code that applies the styling for each slide’s content. Here, style data retrieved from
the backend is dynamically assigned to specific classes that are used in HTML elements within the slide
content. These classes are linked to each element to apply the appropriate styles, making it possible to
visually distinguish styled text within each slide. The navigation graph is rendered (see Listing 5.16) directly
based on the order of presentation saved in the database (previously shown in Listing 5.7).

Given that the overall look and structure of the Web App has been developed directly through React
and its mechanisms, the general implementation follows its foundations, as presented, in resumed form,

in Listing 5.17.
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Listing 5.14: Operations in the Editor page.

const fileInputRef = useRef (null);
const handleUploadFile = () => {
fileInputRef.current.click();
3
const handleFileChange = (event) => {
const selectedFile = event.target.files[0];
if (selectedFile) {
const reader = new FileReader () ;
reader.onload = (e) => {setText(e.target.result);};

reader .onerror = (e) =>{comnsole.error("Error reading file:", e)

— 31}
reader .readAsText (selectedFile);
}
};

const handleDownload = () => {
const blob = new Blob([text], {type: 'text/plain'l});
const url = URL.createObjectURL(blob) ;
downloadLinkRef.current.href = url;
downloadLinkRef .current.download = 'presentation.txt';
downloadLinkRef .current.click();

Listing 5.15: Component that applies slide styling into HTML.

const Styledhmtl = styled.div"
${0bject.keys(style) .map ((key) =>
& .${key} {
${0bject.keys(stylel[keyl) .map((property) =>
${property}: ${stylelkey] [propertyl};
*).join(' ")}

}
“).join (' ")}
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Listing 5.16: Navigation graph rendering.

function handleFork(array, x, y, properties) {
let nodesRendered = [];
for (let j = 0; j < array.length; j++) {

const new_nodes= calculateNodes(array[j]l, new_x, new_y, zoom)

—
nodesRendered = nodesRendered.concat (new_nodes);
}
return nodesRendered;
}
const calculateNodes = (nodes, x, y, zoom) => {

let nodesRendered = [];
for(let i = 0; i < nodes.length; i++) {
if (Array.isArray(nodes[i])) {

const nds = handleFork(nodes[i], x, y, properties);
nodesRendered = nodesRendered.concat(nds);

} else {
const node = nodes[il];

nodesRendered.push({id: node, x: x, y: y});
X += properties.varX;

}

return nodesRendered;

};
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Listing 5.17: Overview of Stepwise Source’s implementation.

function App() {
return (
<div>
<BrowserRouter>
<Routes>
<Route path="/demo/:id" element={<Demo />} />
<Route path="/create" element={<NewDemo />} />
<Route path="/edit/:idDemo" element={<NewDemo />} />
<Route path="/error" element={<ErrorPage />} />
<Route path="/documentation" element={<Documentation />} />
<Route path="/tutorial" element={<Demo id="TutorialID"/>}/>
<Route path="/presentations" element={<Presentations />} />
<Route path="/about" element={<About />} />
<Route path="x" element={<Home />} />
</Routes>
</BrowserRouter>
</div>
)
}

5.5 Deployment

Effective deployment is crucial for ensuring that the Stepwise Source application operates smoothly on
a dedicated server. To achieve this, Docker [Docker, 2024] was employed to create isolated containers
for each component of the system. This approach ensures that the database, backend, and frontend run
independently and without conflicts, enhancing the reliability of the application.

This section discusses the deployment process in detail, covering the specific Dockerfiles used for
both the backend and frontend components, as well as the orchestration of these containers using Docker
Compose. This setup not only streamlines the deployment process but also simplifies future updates,

ensuring that the application remains scalable and adaptable to evolving requirements.

5.5.1 Backend Dockerfile

Built upon the latest Ubuntu image, this Dockerfile establishes a comprehensive set of steps to ensure
that all necessary packages and configurations are in place for seamless execution.

The process begins with updating the package list and installing essential tools, including cur! [curl,
2024]. This utility is required to install the specific version of Node.js [Node.js, 2024] and Python, as they

are the primary programming languages utilized in the backend development. While curl is not directly
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invoked by the backend application itself, it is instrumental in setting up an environment to run the backend
services.

Following this, the application directory is created, and the files detailing the dependencies for Python
and Node.js are copied into it. They are then installed within the container to ensure that the backend has
all the necessary libraries and frameworks to operate correctly.

After the dependencies are in place, the remainder of the backend application is copied to the working
directory. At this stage, it is important to note that the tutorial presentation is added to the database at the
moment the backend container is deployed. Therefore, a script designed to check whether the database
is operational before the backend starts is included and copied into the working directory.

With all components in place, a port is exposed for incoming connections. The final step involves
starting the backend application, which includes executing a waiting script to ensure the database is
ready, creating the tutorial presentation, and launching the Express.js application using the command

npm start.

5.5.2 Frontend Dockerfile

The Frontend Dockerfile is organized into two main stages, enabling efficient building and serving of the
React application.

The process begins with the official Node.js (version 16) image, which serves as the build environment
for the React app. A working directory is established, and the files that define the application’s dependen-
cies are copied over, similar to the approach taken in the backend Dockerfile. Subsequently, the necessary
Node.js dependencies are installed.

Once the dependencies are in place, the remainder of the project files are copied into the container,
followed by the execution of the command npm run build to compile the React application.

In the second stage, the lightweight nginx:alpine image is employed to serve the application. The
compiled files from the first stage are transferred into the default directory of nginx [nginx, 2024], while a
custom nginx configuration file is also copied into the container to configure the server settings.

To allow external access to the application, a specific port is exposed. Finally, the Dockerfile concludes
by running nginx as a background service, ensuring that the container remains active as long as nginx is

operational.

45



5.5.3 Docker Compose

The Docker Compose file orchestrates the deployment of the application’s services: MongoDB, backend,
and frontend. It facilitates communication between the components while ensuring they remain isolated
within their own containers.

MongoDB is defined first, which utilizes the latest version of its image. A specific container name is
assigned to this service, enhancing identification. A volume is created, to ensure data persistence, and an
external port is exposed, mapping it to the default MongoDB port inside the container. This configuration
allows for seamless communication with the database.

Following this, the backend service is defined. Its container name is specified, along with the directory
from which it will be built. Given its dependency on the MongoDB service, this relationship is clearly
articulated within the configuration. An external port is again exposed, mapped to the internal port used
by the backend application, facilitating access to its functionality.

Lastly, the frontend service is configured, with its container name and build context defined. Similar
to the previous services, an external port is exposed and connected to the internal port which is utilized
by NGINX this time, enabling the serving of the built React application.

In addition to the service definitions, the Docker Compose file concludes with declarations for named
volumes and networks. The Mongo data volume ensures persistent storage for the database, while a
network is defined using the bridge driver. This setup allows for efficient inter-service communication,

enhancing the overall performance and functionality of the application.

5.6 Summary

This chapter detailed the key technological decisions that brought the proposed approach to life, demon-
strating how each component works in conjunction with the others. From the parsing of commands to the
frontend’s user interface, every decision was aimed at creating a tool that not only functions effectively but

can also be expanded upon in future iterations.
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Chapter 6

Stepwise Source, Overview

This section provides an overview of each main page in the web app, detailing their functionalities and

layout to illustrate how they support the user experience.

6.1 Home Page

When users visit the website, they are greeted by this landing page, which features a title, header, and a

couple of calls to action.

< > StepwiseSource Presentations Documentation About

<S5

Welcome to Stepwise Source

Create a New Presentation How to Create a Presentation

Figure 3: Home page.

At the centre of the page (see Figure 3), which naturally draws the visitor's attention, a welcoming

message is prominently displayed alongside buttons that link to the core features of the platform: creating
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< ) StepwiseSource Create Presentations Documentation

About StepwiseSource

This project is developed as part of a master’s thesis in Informatics Engineering at University of Minho, in Braga, Portugal.
The primary goal of the tool is to support educators in the field of programming by providing an interactive platform that
enhances the teaching and learning experience. By offering structured, step-by-step presentations with recourse to exercises,
it helps both teachers and students explore key programming concepts in a more engaging and effective way, addressing
common challenges in educational settings

Team

Jodo Luis Santos
+ Role: Student

« Email: joaoltmsantos@gmail com

Pedro Rangel Henriques
+ Role: Supervisor
Alvaro Costa Neto

« Role: Supervisor

Feedback

Your feedback here...

Submit Feedback

Figure 4. About page.

a presentation and watching one-in this case a tutorial. This design choice ensures that users are greeted
warmly and guided toward exploring the main functionalities of Stepwise Source right from the start.
Additionally, the home page includes a header that provides navigation links to all other sections of
the website, allowing users to easily access various features and flow freely through the app. This header
remains consistent across all pages of the site, dynamically adjusting the available links based on the

current page the user is viewing.

6.2 About Page

To clarify the context and purpose of the project, the team of developers and allow for user feedback about

the application, this page was created.
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< > StepwiseSource Create Documentation Presentations About

Presentations List

How to create your presentation m

Stepwise Source Features m m

Figure b: Presentation List page.

At this page, users are introduced to the platform, followed by a section explaining that Stepwise
Source is a project developed as part of this master’s thesis. This section offers a concise description of
the tool’s primary goals, helping users understand its intended impact and functionality (see Figure 4).

Below this, a section displays the names and roles for each team member involved in Stepwise Source’s
development. An email address is provided for direct communication with one of the developers, fostering
a connection between users and the creators.

The final section invites users to submit feedback. A text box allows users to input any feedback
they wish to share. Upon successful submission, users are greeted with a thank-you message, which is

displayed for five seconds before the text box is restored, ready for additional feedback if needed.

6.3 Presentations List Page

The presentations page was designed to showcase all presentations created on the platform, providing an
alternative way to access them beyond simply sharing URLs.

As shown in Figure 5, the first row is reserved for the tutorial presentation. Since this tutorial is not
intended user modification, only a “Go To” button is available, preventing any edits. This “Go To” button
serves as a redirect, guiding users to the respective presentation page.

For all other presentations, besides “Go To”, an additional “Edit” button is available, allowing users to

modify the presentation content.

6.4 Documentation Page

The documentation page serves as a comprehensive resource for users to understand and navigate the

language’s syntax and functionality. Here, users can find clear explanations, examples, and guidance on
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effectively using the language, making it an essential reference for troubleshooting and mastering the tool.

( > StepwiseSource Create Presentations About

StepwiseSource Documentation

A guide to constructing your own presentations using the StepwiseSource DSL

How to Create a Presentation Go to Documentation

Figure 6: Landing area of the Documentation page.

On the landing area, Figure 6, a page identifier is displayed along with two calls to action: “How to
Create a Presentation” and “Go to Documentation”, arranged similarly to the layout of the home page
(Section 6.1). The “How to Create a Presentation” button redirects users to the tutorial presentation,
offering a guided introduction to the Stepwise Language’s core features. The “Go to Documentation”
button initiates a smooth scroll down to the documentation section below.

The documentation section (Figure 7) provides an organized overview of Stepwise Language’s main
features, aiding users in locating specific elements quickly. Each feature is introduced with a brief state-
ment of its purpose, maintaining a narrative flow between sections. A syntax example is then presented
for each feature, with the various components explained in detail. Additionally, a running example is built
throughout all the features, illustrating how each of them can be applied in a practical context.

The page concludes with the complete source text of the tutorial presentation, allowing users to view
a finished presentation with several features. Alongside this, a button provides direct access to the tutorial
presentation itself, enabling users to observe the transition from source text to final presentation and realise

the Stepwise Language’s functionalities (see Figure 8).
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Overview of the DSL Commands

StepwiseSource introduces a Domain-Specific Language (DSL) specifically designed for educators to create interactive, step-by-
step presentations. The commands in this DSL enable structuring of lessons, styling of content, incorporating interactivity, and
controlling the flow of information. Let's explore the key commands and their functions.

Slide + Code Block
Syntax:

Every presentation in StepwiseSource starts with a slide. The slide definition is created with the following syntax:

\SLIDE{ID}{TITLE}
\DESCRIPTION{TEXT}
\BEGIN

content
\END

Here:

ID: A unique identifier for the slide

TITLE: The slide title, displayed to the students

DESCRIPTION (optional): A short explanation that appears before the main content, providing context

content: The body of the slide, where the educator can add code snippets, explanations and fill-in boxes that function as
exercises

Example:

\SLIDE{Intro}{Introduction to Variables}

\DESCRIPTION{Variables are used to store values that can be accessed later on.}

\BEGIN
int x
int y

\END

5
x + 18;

Figure 7: Documentation section of the Documentation page.

How to create your presentation

A tutorial presentation can be visited through the above button, while the source code used for it can be seen below.

\newfixed{important}{color: green; bold}
\newfixed{removed]{color: red; strikethrough}
\newreactive{tip}{color: blue; italic}
\newreactive{curiosity}color: purple; underline}
\newfixed{info}{color: #488882; bold}

\slide{hello}{Hello!}
\description{Hi there! This presentation shows how to creste your own using Stepwise Source. The code below is the bare minimum
necessary for a presentation. From now on, you can follow the notes on the right side and hover over text that is highlighted.}
\begin
\islide\{id\}\{Title\}
\\description\{Description for the slide.\}
\\begin
Your code goes here.
\imoortant{This looks hiehliehted.MThis is the first note that was inserted into the code. Notice how the formattine on the

Figure 8: Tutorial section of the Documentation page.
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< > StepwiseSource Presentations Documentation About

Create your own presentation

. ‘\newfixed{important}{color: green; bold}
o Publish \newfixed{removed}{color: red; strikethrough}
\slide{hello}{Style your code}
6 Upload \description{This slide displays all the main features that can be used to enhance the slide’s content.}
\begin
Your code does here.
0 Download ‘important{This looks highlighted.}{This is the first note that was inserted into the code. Notice how the formatting on the sour
‘removed{This looks like it has been removed!}{You can define your own styles for the highlighting of the source code.}

\tip{Hover the mouse here.}{Some notes may show only when hovered.}
var x = 8 \exercise{/[:\/]/}{Complete the code so that the variable 'x' stores the value of 4.} 2
‘\end

Figure 9: Presentation Editor page.

6.5 Presentation Editor Page

Once again, the page opens with a title that clearly communicates its purpose (see Figure 9). The central
feature of this page is an integrated text editor, where users can write and edit the source text for creating
new presentations within Stepwise Source.

A large text box serves as the editor, allowing users to directly input the code needed to build their
presentations. If this page is accessed to edit an existing presentation, the editor will already be populated
with its source code.

An “Upload” button opens a file explorer, enabling the user to select and load a file with pre-existing
code. The file’s content appears instantly in the editor, providing flexibility for those who prefer working
outside the website's editor to import code from external sources, continue editing it within the site, or
make adjustments to existing presentations.

To support users who may wish to save their progress locally, a “Download” button is also available.
This function instantly downloads the current content of the text editor as a file named “presentation.txt”.
This feature is useful for users who want to save a work in progress to return to it later, uploading it back

into the editor as needed.
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Create New
Presentation

Please enter the name for your
presentation:

I Enter presentation name l

Please enter a name for your presentation

Figure 10: Presentation naming panel.

Once the presentation code is finalized, users can click the “Publish” button to publish their presen-
tation. This action opens a panel for naming the presentation, making it easier to find later. The panel
prompts for a name and displays any input or naming errors, guiding the user to make necessary correc-
tions before publishing, as seen in Figure 10. If the page was accessed to edit an existing presentation,

clicking “Publish” will update it instead of creating a new one.

e ™

Your presentation is ready!

Go to Presentation

\. S

Figure 11: Presentation creation confirmation panel.

Upon successful creation, a success message appears along with two options: “Go to Presentation”
and “Share” (see Figure 11). The first button redirects to the visual representation of the newly created
presentation. Meanwhile, the “Share” button copies the URL of that page to the clipboard and displays it

in the panel, simplifying sharing and collaboration.

6.6 Presentation Navigator Page

The central feature of Stepwise Source is the Presentation Page, where each slide in a presentation is
displayed along with its source code, descriptions, annotations, styling, and unique navigation options.
At the top of the page (see Figure 12), multiple key sections provide an overview of the current slide.

These sections, listed from top to bottom, include:
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( > StepwiseSource Create Documentation Presentations About

Stepwise Source Features

Style your code

This slide displays all the main features that can be used to enhance the slide's content.

PRACTICE: Complete the code so that the variable 'x' stores the value of 4

‘Some notes may show only when hovered.
our code goes here.
Hover the mouse here.

This looks highlighted. This is the first note
Fhis—tooks—tike it hasbeernr—removedt that was inserted into

var x = 8 _ 2 the code. Notice how

the formatting on the
source code is the

same as in this note.
createF Next
createR (2] \

Figure 12: Presentation Navigator Page.

Presentation Title a fixed title describing the entire presentation, which remains the same across slides.
Slide Title specific to each slide, this title updates as the user navigates through the presentation.

Slide Description (optional) a detailed explanation of the slide’s main goal, adding context to the

source code and its components.

Exercises Instructions (optional) clear guidance on tasks or activities students need to complete to

solve exercises presented on the slide.

6.6.1 Slide Content and Annotations

Beneath the slide description is the Slide Content Box, which displays the source code associated with the
slide. This code may have special styling, highlighting key parts or showing annotations set by the teacher.
For instance, each styling feature enriches the user experience: lines highlighted in blue display an
informational message on hover (e.g., “Some nodes may show only when hovered”). Other styles, such
as green or red lines, showcase annotations that are persistently visible on the right-hand Annotations Box
without requiring a hover.
The Annotations Box, located on the right, displays a list of annotations corresponding to specific lines

of code. Each annotation is styled as its matching code line, ensuring consistent visual formatting between
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the source code and the annotation. For example, an annotation describing a bold, green-highlighted line
of code will also appear in bold green text in the Annotations Box, creating a clear visual link.

When exercises are included on a slide, an input text box appears within the slide content at the
designated exercise location. This text box allows students to enter their answers and provides immediate
feedback: the background colour shifts to red or green depending on the input’s correctness, wrong and

right respectively.

6.6.2 Presentation Navigation

The navigation section, located below the slide content, enables users to move through the presentation

slides. Three main navigation tools are provided:

Previous and Next Slide Buttons “Previous” on the left and “Next” on the right allow simple linear
navigation, moving backwards and forwards respectively. In the case of multiple choices (forks) in

the presentation flow, more than one option will be available, as shown on the left side of Figure 13;

Navigation Graph positioned in the centre, this interactive graph shows the presentation’s entire slide
flow, with each circle representing a slide. While the current slide appears in white with a green
border, all other slides are represented in black circles. Users can click any node to jump directly

to that slide, allowing flexible navigation.

createF .<:>C)_. Next

createR

Figure 13: Presentation Navigation System.

Each slide is represented by a node in the graph, and direct paths between slides are indicated by
connecting lines. When a fork happens, the graph arranges these branches vertically, with staggered

heights to visually separate each branch.
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Chapter 7

Conclusion

Teaching computer programming has long been a complex issue, presenting numerous challenges for
both students and educators. To support this process, a tool for progressive demonstration of source code

(Stepwise Source) was designed, implemented and assessed.

7.1 Assessment

Stepwise Source was designed to support both educators and students in the educational journey of com-
puter programming. To evaluate its effectiveness, a lecture was conducted with a Master’s Degree class
in Informatics Education at Minho University, Braga. The session, with the participation of three profes-
sors and nine students, covered the need for educational tools that enhance programming instruction,
highlighted the specific challenges Stepwise Source aims to address, and included a demonstration of the
tool.

Students and teachers explored both perspectives by using the application directly while commenting
on its use and usefulness. In addition to pointing out areas where the current version needed improve-
ment, the feedback from this session, more importantly, affirmed Stepwise Source’s value as a relevant
contribution for teaching and learning computer programming. Both learners and educators recognized its
usefulness, suggesting it would be a meaningful addition to their educational toolkit. This positive reception
highlights Stepwise Source’s relevance in supporting computer programming education.

This preliminary assessment session allowed for a confirmation on the positive aspects of Stepwise
Source’s usability and user experience. Nonetheless, further testing that includes formally structured

questionnaires and more participants will be conducted in the near future.
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7.2 Final Remarks

To achieve the objectives of this thesis, an initial study was carried out to identify the challenges faced in
computer programming education and to evaluate existing tools designed to aid in solving these matters.
This exploration provided valuable information on the problems that deserved attention. Subsequently,
an architecture for the system was designed, offering a clear road map for its implementation. This
plan highlighted the need to define a DSL (Stepwise Language) that would allow users to communicate
with the application, along with the development of a parser and interpreter to process it and transform
source text in visual presentations. With the communication framework established, the next step involved
implementing a user-friendly interface, ensuring an intuitive experience for users. This phase also included
the development of the presentation mechanism, which stands as the tool’s core feature. The completion
of the initial version of the tool enabled engagement with a class of students and professors, yielding
positive feedback regarding its utility and highlighting areas for improvement. Overall, the project has
successfully met its objectives, providing a progressive demonstration tool that benefits both students and
educators, confirming the validity of its Research Hypothesis (Section 1.2). Stepwise Source incorporates
functionalities designed to facilitate a deeper understanding of source code construction, including both
general and specific annotations. It also offers an interactive component that enables practical study with
instant feedback, while the slide navigation system allows learners to set the pace of the demonstration

according to their individual needs.

7.3 Future Work

While a fully functional version of the tool has been developed, several enhancement ideas emerged during
the development process and the assessment session that could not be implemented due to time shortage.
One potential improvement is to clarify the relationship between the styled annotation in the source code
and its comment, possibly by incorporating note identification numbers. Additionally, offering varying
levels of detail in the annotations could further personalize the learning experience, allowing students to
engage at their preferred pace. Another suggested feature is the integration of a user management system,
enabling educators to create dedicated classrooms where they could organize presentations by specific
themes. This would them to share a curated list of related presentations through a single link, enhancing
accessibility and coherence for their students. The last component of future improvement would be the

possibility of embedding presentations into other web pages, including Learning Management Systems
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(LMSs) such as Moodle.
Finally, a more robust and structure testing procedure would result in a better overview of Stepwise

Source’s usability and user experience, but also its value as a computer programming educational tool.
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