
VCAT: An automatic assessment model for
visual programming languages

Lucas Mendonça de Souza

Thesis presented to the
Institute of Mathematics and Statistics

of the University of São Paulo
in partial fulfillment
of the requirements
for the degree of
Master of Science

Program: Computer Science

Advisor: Profª. Drª. Anarosa Alves Franco Brandão

During the development if this work, the author received
financial support from CNPq

São Paulo

August, 2023





VCAT: An automatic assessment model for
visual programming languages

Lucas Mendonça de Souza

This is the original version of the

thesis prepared by candidate Lucas

Mendonça de Souza, as submitted

to the Examining Committee.



The content of this work is published under the CC BY 4.0 license
(Creative Commons Attribution 4.0 International License)

https://creativecommons.org/licenses/by/4.0/


À minha mãe, Dinalva M. dos Anjos, sem
a qual eu não teria chegado até aqui.

À todos os docentes que passaram por minha cam-
inhada, que me deram as bases necessárias para
essas conquista: Profa. Anarosa e Prof Leonidas,
Prof. Eduardo Cambruzzi e Profa. Eliete Franco

que são e sempre serão minhas referências.
Aos amigos que seguraram minha mão nos momentos de

inseguranças e incertezas dando suporte para seguir em
frente: Vanessa Mendes Brito, Andrey Ribeiro de Almeida,

Igor Moreira Félix, e tantos outros não menos importantes.





Resumo

Lucas Mendonça de Souza. VCAT: um modelo de avaliação automatica para lingua-
ges visuais. Dissertação (Mestrado). Instituto de Matemática e Estatística, Universidade

de São Paulo, São Paulo, 2023.

Aprender a como programar tem se tornado um aspecto crucial da sociedade moderna. A presença de

tecnologias digitais no dia-a-dia requer um entendimento básico de como software funciona de forma a ter

consciência de como isso afeta a vida de todos. Ademais, as preocupações em relação a segurança digital

e privacidade tornam ainda mais relevante a compreensão dos conceitos da ciência da computação. Esses

aspectos não estão somente relacionados a programação e podem ser referidos na literatura como Pensamento

Computacional. Pensamento Computacional é entendido como a aplicação dos conceitos da ciência da

computação em diferentes contextos da vida cotidiana. Atentando a esse cenário, governos no mundo inteiro

estão implementando novos currículos escolares que incorporam a programação como uma habilidade chave.

Entretanto, a literatura mostra quer aprender a programar é uma tarefa complexa e difícil. Em alguns casos,

os índices de evasão e reprovação chegam a ser alarmantes. Desta forma, afim de mitigar esses problemas de

aprendizagem alguns pesquisadores sugerem o uso do paradigma de programação visual. Esse paradigma

consiste no uso de elementos visuais para a construção de algoritmos. Neste contexto, os experimentos

presentes na literatura afirmam ter encontrado indícios de melhora no processo de aprendizagem, como

melhores notas e motivação na aprendizagem. Uma outra tecnologia utilizada no ensino e aprendizagem

de programação é avaliação automática de programas. As ferramentas de avaliação automática avaliam a

corretude de um algoritmo utilizando diferentes métodos. Elas permitem com que os professores consigam

avaliar um grande número de exercícios e ao mesmo tempo fornecer uma retroalimentação rápida aos

estudantes. Todavia, apenas dois sistemas de programação visual que fornecem avaliação automática são

reportados na literatura: iVProg and Chentry. Ambos os sistemas, entretanto, oferecem métodos de avaliação

bem limitados. Assim, o objetivo dessa pesquisa é propor um modelo, chamado VCAT, de avaliação automática

de programas para sistemas de programação visual afim de permitir que linguagens de programação visual

tenham acesso a avaliação automática. Além disso, esse estudo também busca melhorar a retroalimentação

fornecida pelo método de avaliação automática conhecido como comparação de saídas. Uma instanciação do

modelo foi feita tendo como base o iVProg. Uma segunda instanciação do modelo também foi desenvolvida

para uma linguagem visual criada pelo autor usando o arcabouço Blockly. Melhorias foram feitas no algoritmo

de comparação de saídas presente no modelo. Um experimento com estudantes do curso de verão para

introdução à programação foi elaborado para avaliar como os estudantes percebem as melhorias no algoritmo

de comparação de saídas e no uso de sistemas de programação visual. Os resultados indicam que o modelo

apresentado é capaz de prover avaliação automática para outras linguagens visuais além do iVProg. Os dados

do experimento mostram que as mudanças implementadas na retroalimentação do método de comparação

de saídas foram bem recebidos pelos estudantes em comparação com a implementação tradicional do método

no VPL, uma ferramenta de ensino de programação que usa comparação de saídas como método de avaliação.

Além disso, os dados também apontam benefícios do uso de programação visual como uma ferramenta no

processo de aprendizagem de programação textual.

Palavras-chave: avaliação automática. programação visual. ensino de programação.





Abstract

Lucas Mendonça de Souza. VCAT: An automatic assessment model for visual
programming languages. Thesis (Master’s). Institute of Mathematics and Statistics,

University of São Paulo, São Paulo, 2023.

Learning how to code is becoming a crucial aspect of modern society. The presence of digital technologies

in everyday life requires some basic understanding on how software works in order to be aware of how

this affects everyone’s life. Moreover, concerns on privacy and digital security also raises the relevance

of understanding computer science concepts. These aspects are not only related to programming and can

be referred in the literature as Computational Thinking. Computational Thinking is understood as the

application of computer science concepts in different contexts of day-to-day life. As an answer to this,

governments worldwide are implementing new school curricula that incorporate programming as a key

skill. However, the literature shows that learning how to program is a complex and difficult task. In some

cases, the dropout and failure rates can be very alarming. So, in order to mitigate these learning problems

some researchers employed the visual programming paradigm. This paradigm consists in using visual

elements to code algorithms. In this context, the experiments reported in the literature claim improvements

in the learning process, such as better grades and motivation to learn. Another technology employed to

support teaching and learning programming is the automatic assessment of programs. These tools can

automatically evaluate a program using different methods. They allow teachers to assess a large number

of exercises and also provide quick feedback to students. Nonetheless, at the best of our knowledge, only

two visual programming systems that provide automatic assessment were found: iVProg and Chentry.

Both systems offer a limited method of assessment. Therefore, this research proposes VCAT, an automatic

assessment model to support Visual Programming Systems on providing this functionality to diverse visual

programming languages. In addition to providing such a functionality, it also introduces improvements to

its output matching algorithms, in order to provide a better experience with the generated feedback. The

model was successfully instantiated considering iVProg and Blockly, which indicates that it is independent

of the underlying visual programming language of the system. An experiment with students of the summer

program for introductory programming was designed to assess how the students perceived the feedback

improvements and the use of visual programming systems. Data from the experiment shows that the changes

implemented in the output matching feedback was well received by the students when compared to VPL,

a similar tool using the same type of automatic assessment without improvements. Moreover, data also

suggests benefits of using visual programming as a learning step toward text based programming.

Keywords: automatic assessment. visual programming. programming teaching.
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Introduction

Technology has become a ubiquitous element of everyone’s life. Smartphones, TVs
and other home appliances, almost everything in everyday life has some computational
capabilities. These capabilities are not limited to being able to compute and automated
some activities, but being able to talk to other appliances and the Internet itself (Coughlan
et al., 2012). Besides that, in some context to access to public information or services the
citizen needs to know how to operate a computer and its peripherals (Vee, 2013). Moreover,
nowadays it is not only enough to understand how to use a computer, it is also expected
some understanding of how a software works and how to build one (Vee, 2013; T. Dufva
and M. Dufva, 2016; Eshet-Alkalai, 2004). In other words, the modern society requires
some knowledge on computer programming.

As a consequence, governments and lawmakers world-wide are trying to rethink their
educational process in the light of this reality. They are aware of the necessities of a
connected world from productive, civic and privacy standpoint (Eshet-Alkalai, 2004;
Vee, 2013). So, in order to prepare the population to this new reality, a new curriculum that
inserts the computer and programming specially as a relevant subject is being implemented
around the world. The literature also recognizes the need for an understanding of computer
science concepts and their relevance in all areas beyond the exact sciences (Vee, 2013;
Eshet-Alkalai, 2004; Wing, 2006; Papert, 1980). This conceptual framework is usually
referred as Computational Thinking (CT). To Wing (2006), CT is the ability to employ
computer science concepts such as algorithm design, decomposition and abstraction to
solve problems in everyday life.

However, learning how to program is not an easy task. Programming is reputed as hard
and complex, requiring the ability to deal with concepts of different areas depending on the
problem being solved (Michael Edelgaard Caspersen, 2007; Lahtinen et al., 2005; Gomes
and Mendes, 2007). The students also face a variety of difficulties during the learning
process ranging from the teaching method used to programming language being taught
(Gomes and Mendes, 2007; Michael Edelgaard Caspersen, 2007). Moreover, this can affect
not only the final grades but also the students’ motivation to learn and their desire to
finish the course.

Different studies have suggested the use of visual programming paradigm as a way
of mitigating the problems related to programming learning. In this paradigm, a Visual
Programming Language (VPL) is used to enable the user to construct their code. A VPL
employs visual elements which the student use to visually build their algorithm. Studies
like Brandao et al. (2012), Sáez-López et al. (2016), C.-K. Chang et al. (2017), and Resnick
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et al. (2009) have found that the use of VPL can improve grades, students’ motivation
regarding programming learning and also their desire to keep studying computer science
subjects. So, visual programming systems like Scratch, Alice, iVProg and Chentry all
implement the visual programming paradigm.

Additionally, another strategy used to reduce the problems in programming teach-
ing and learning is the use of automatic assessment tools (AAT). These tool are system
developed with the goal of executing and evaluating programs. The evaluation process
can be of different natures. They can evaluate the functionality of a program, its code
structure or performance. Reguera and Leiva (2017), Lappalainen et al. (2017), and S. Li
et al. (2016) claim that the use of AAT can increase students’ engagement, improve their
grades. Also, by automating the assessment process, it can reduce the teacher’s amount of
labor regarding program evaluation.

Nonetheless, there is no report in the literature of a visual programming language
that uses the affordances of AAT. Only iVProg and Chentry are reported in the literature
with some sort of automatic assessment. In this context, iVProg can perform some basic
functional assessment of the program by using test cases that describes a set of inputs
and expected outputs (Brandao et al., 2012). Chentry, in the other hand, perform some
structural analysis of the code based on the logs produced during program construction.
The analysis aim to identify if the constructed program is similar to the reference solution
provided by the teacher (J.-H. Kim et al., 2019).

So, the goal of this research project is to investigate AAT strategy and VPL to propose
an automatic assessment model that would allow any VPL to use the affordances provided
by automatic assessment of programs. The method used to achieve this goal is the design
science paradigm (Peffers et al., 2007). The method provided a theoretical framework that
allows the development of an artifact, designed to solve a specific problem in a specific
context. It is an iterative process that provided the methodological basis required to validate
the whole process as a scientific method.

Chapter 1 will discuss the methodology employed in this research. The theoretical
framework used in this project is presented in chapter 2. In chapter 3, it will be presented
some related works on automatic assessment and its methods, while chapter 4 discuss the
proposed solution. Finally, chapter ?? will present the schedule.
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Chapter 1

Research Method

The theoretical and methodological concepts that guide this research are based upon
the Design Science paradigm. The paradigm provides the foundation required to use the
production of artifacts as a valid scientific method by an epistemological point of view
(Peffers et al., 2007; Pimentel et al., 2019). Thus, this project employs the design science
research method or design method, since its purpose is to provide an automatic assessment
model through the production of an artifact. In this context, an artifact represents a project
or engineering design designed to solve a problem. Therefore, artifact is a product aimed
at a given context and planned by applying knowledge and conjectures about the world
(Pimentel et al., 2019).

1.1 Design Science Method
The Design Science method is divided into a set of stages, varying by author and

the nature of the research area (Peffers et al., 2007; Hevner et al., 2004; Çağdaş and
Stubkjær, 2011). This project will follow the stages described by Peffers et al. (2007),
in his attempt to develop a framework for Design Science Research (DSR) to be used in
Information Systems (IS) research. As said by Pimentel et al. (2019), research in Informatics
in Education (IE) can be seen as a sub-area of IS since both frequently focus on developing
artifacts to solve problems. In this case, IS focus on business problems, while IE focus on
problems of educational nature.

Essentially, Peffers et al. (2007) divides the DSR research flow into six stages, as
shown in Figure 1.1. First stage (Identify problem & Motivate) is concerned with problem
identification and the relevance of the solution. The second stage (Define objective of a
solution) results from the objectives inferred from the identified problem in the first stage,
evaluating if they are possible and feasible. In the third stage (Design & Development) the
functionalities and architecture of artifact is decided and the artifact created. The fourth
stage is about the demonstration of the artifact regarding its potential to solve one or
more instances of the problem. This stage requires “effective knowledge of how to use the
artifact to solve the problem”(Peffers et al., 2007).
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During the fifth stage, observations and measurements of how well the artifact solves
the problem are done. In this stage, comparisons between the defined objectives and the
actual results are compared and the research can iterate back to previous stages if required.
Finally, in the sixth stage, the artifact is presented to the appropriate audience, scholarly or
professional. During the presentation, the problem the artifact is supposed to solve must
be exposed as is the novelty of the solution.

1.2 Applying the method to this project
In stage one, the lack of a visual programming teaching environment with automatic

assessment was identified through the literature on visual programming languages. There
were only two software found that had such capability: iVProg (Brandão et al., 2016)
and Chentry (J.-H. Kim et al., 2019). iVProg is a visual programming environment with
automatic assessment developed by the Laboratory of Informatics in Education (LInE) at
the Institute of Mathematics and Statistics of Universidade de São Paulo. Chentry is a visual
programming system developed to assess programming task in the www.playentry.com
platform. Both tools will be discussed in Section 2.2.2.

The relevance of the problem comes from studies like Meerbaum-Salant et al. (2010)
and C.-K. Chang et al. (2017) that shows how visual programming languages can poten-
tially improve grades and engage students. Moreover, introductory programming courses
are regarded as very difficult (Gomes and Mendes, 2007; Watson and F. W. Li, 2014;
Michael Edelgaard Caspersen, 2007; Rapkiewicz et al., 2006; Brandão et al., 2016) and
can also have alarming failure rates (Watson and F. W. Li, 2014; Rapkiewicz et al., 2006;
Brandão et al., 2016) also regarded as difficult and complex task, specially for beginners.
Thus, different solutions have been proposed to mitigate this problem, including visual
programming languages and automatic assessment (Basnet et al., 2018; Cardoso et al.,
2018). The aspects of visual programming languages and automatic assessment of programs
will be discussed in Chapter 2 .

Regarding the automatic assessment capabilities of iVProg, the tool can only assess
a program by output matching. In this method, a set of inputs is given to the program
and the output generated is compared to the expected output to check if they match
perfectly. This can be done case by case or by saving the output to a file and comparing
it to the reference output file. There are lots of criticism in the literature regarding this
method (C. K. Poon et al., 2016; Yu et al., 2017), since it usually means students can focus
on producing the exact expected output instead of working on the problem itself. Also,
according to the aforementioned works, it can also be a source of frustration, since empty
spaces, punctuation or misspelling can cause the assessment to fail. Chentry, in the other
hand, can only assess code based on log comparison which cannot guarantee that the
program behaves as expected.

At this point the first stage of the method was finished, since the problem was identified
and its relevance was justified by the absence of an adequate solution in the literature.
Therefore, in the second stage, the objective defined for the potential solution was to
provide means to extend and improve an existing solution while developing an automatic
assessment model of visual programming languages that would expand and improve the

www.playentry.com
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availability of their assessment methods. In this stage, iVProg was chosen as the subject
of the research since its source code is publicly available and the author is one of its
active developers. A better artifact would allow not only for an improved output matching
functionality but provide better feedback to students. Moreover, it is desirable that the
artifact also allows for other methods of assessment to be integrated to it.

The improvements in the output matching functionality are aimed to reduce the known
binary behavior of the algorithm, making room for partially correct solutions instead of
only correct and wrong. On the improved feedback aspects, the objective is to design an
artifact that provides context to its error messages making it easier to students to identify
the source of the problem. The feedback provided by the improved output matching
algorithm is also enhanced to provide more details on the failing text cases, showing the
differences between the expect output and the generated one. The details regarding the
designed solution can be found in Chapter 4

During the third stage, the artifact was effectively implemented using different web
technologies like the HTML5 stack (HTML, CSS and JavaScript) and the NodeJs tool.
This decision was motivated by the fact that our subject, iVProg is already developed as a
decentralized web applications and the author wanted to keep that same design philosophy.
The output matching algorithm was improved to better deal with different types of outputs.
Now, it breaks down the output assessment into groups of the standard types (text, boolean
and numeric). The final grade of a test case is the mean of the grade of the assessment of
each standard type in the output. In case of textual output, the algorithm will penalize
the grade based on the textual differences (in number of characters) between the output
generated by the student program and the output expected by the test case.

In fourth and fifth stages the experiment was devised. The experiment consisted of
collecting qualitative and quantitative data from participating students from the summer
program of the Institute of Mathematics and Statistics at USP. The students were enrolled in
the introductory programming course using C and have fully remote classes using iVProg,
instantiated using the proposed model, and visual programming language, a Moodle plugin
that performs automatic assessment of code for languages like C, C++ and Java, to name a
few. To collect qualitative data, 0a questionnaire was created, inspired by Savi et al., 2011
questionnaire for educational games. The quantitative data were derived from the grades of
the students in the exercises and the logs generated by interacting with both tools, iVProg
and visual programming language. The analysis will consist in extracting information from
the data that shows if the implemented artifact does achieves the expected improvements
on feedback and output matching algorithm. Both qualitative and quantitative data will be
cross-checked to identify if the quantitative data supports the findings from the qualitative
data. In the next Chapter, it will be discussed the concepts and theoretical framework used
to develop the proposed solution.
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Chapter 2

Theoretical Framework

2.1 Computer Programming
A program is a set of instructions written in a specific language that must undergo

transformations to be run by the computer (Oualline, 1997). According to Caspersen
(Michael Edelgaard Caspersen, 2007), programming can be "understood as the process
of inventing suitable structures" to solve a problem at hand. In this context, the program
represents a set of well defined instructions expressed in a computer language, describing
how to carry out a specific task (Lopes and Garcia, 2002; Taylor, 1982). In order to execute
the program as expected, the instructions must be sequenced and expressed in an adequate
form.

The adequate form here are mainly defined by two rules: syntax and semantics. There-
fore, in order to be valid, a program must first follow the syntactic rules of a programming
language(Tennent, 1976). Then, the syntactically valid program must also obey the
semantic rules defined by the language. The semantics of a programming language is very
important, since it specifies the meaning of each and every command used. In other words,
it defines how the computer should interpret the coded program (Tennent, 1976).

Programming languages can be classified according to their level. The level of a pro-
gramming language is a measurement of the amount of details the programmer has to
give the computer in order to make the program work (Shu, 1986). They can vary from a
very low to a high level. Low level languages are closely related to the hardware and its
architecture and requires much more detailed instructions. In higher levels, the languages
are closer to how we humans express things, usually by text, and also required much
less instructions or piece of code to achieve the desired result (Taylor, 1982; Oualline,
1997).

Figure 2.1 shows a program that reads a number and prints it coded in the Pascal
language (left - high level), and the same program compiled to Assembly language (right -
low level). Note that part of the resulting Assembly code has been omitted for simplicity.
In the figure, it is possible to notice that any human could read and get the idea that
something is being read and written by looking at the Pascal code. However, the same
cannot be said by looking at the Assembly code. It is a series of instructions aimed directly
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Figure 2.1: A program that reads an integer and prints it coded in Pascal and Assembly language

to the computer hardware, instructing it how to manipulate the processor registers and
memory addresses. Thus, there are a variety of programming languages that can be easy or
hard to understand at glance value. Consequently, the programming language can directly
interfere in the success of a student.

2.1.1 Programming Learning
Computers, and programming itself, are becoming more and more central to daily

life (Vee, 2013). The ability to program is also regarded as literacy to some authors due
its relevance in the 21st century society (Vee, 2013; Eshet-Alkalai, 2004; T. Dufva and
M. Dufva, 2016). In his work, Seymour Papert (Papert, 1980; Papert, 1996) discussed how
it was important to teach kids how to program computers instead of being programmed
by them. This was a criticism on the methods of how computers were used in classrooms,
as mere repositories of knowledge. Papert believed children should be allowed to use the
computer as a tool to construct knowledge and change how they could use it to learn
(Papert, 1980).

Thus, in order to materialize his idea, Papert developed a programming language
called Logo that could be used to control a virtual turtle (Papert, 1980). The Logo lan-
guage allowed for an easy way to communicate with the computer “so that learning to
communicate with them can be a natural process, more like learning French by living in
France”(Papert, 1980). The point was to give control of the machine through the use of
programming. However, the literature show there is still some problems regarding the
learning of programming by the novice.

Different studies report on the difficulties of learning programming logic: Michael
Edelgaard Caspersen (2007), Tan et al. (2009), Vainio and Sajaniemi (2007), Lahtinen
et al. (2005), Gomes and Mendes (2007) and Milne and Rowe (2002). All authors agree
that programming is a very complex and highly abstract process, but each of them focus
on different aspects of this process.

In his thesis, Michael Edelgaard Caspersen (2007) discusses the challenges and difficul-
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ties in learning how to program. To the author, understanding the programming process
and how to transfer acquired skills are the main challenges faced by students. Tan et al.
(2009) findings corroborate Caspersen assumptions. They collected data on undergraduates
through an on-line questionnaire in order to identify difficulties and prior experience with
programming. In their study, Gomes and Mendes (2007) list a variety of problems ranging
from teaching methods to students psychological state. They argue that some students are
not motivated enough to study programming, while they were also facing problems with
complex language syntax. In addition, the authors state that many students incorrectly
employ study methodologies, focusing on memorizing algorithms instead of learning them.
Milne and Rowe (2002) investigate students and tutors perception on some programming
concepts like pointers, functions and polymorphism. They also conclude that the lack of
understanding how a program works is directly responsible for students failure. On the
same note, Vainio and Sajaniemi (2007) report on students difficulties on tracing single
variables states during programming. Once again, not being able to mentally execute a
program is reported as main source of difficulties.

However, Michael Edelgaard Caspersen (2007), Gomes and Mendes (2007) and Lahti-
nen et al. (2005) also bring to the discussion the effect of the programming language
on students performance. The complex syntax can become an obstacle to some students
and cause lots of confusion during the learning process. Complex and obscure syntax
can provide a tremendous cognitive load to the learning process, thus affecting the final
performance (Michael Edelgaard Caspersen, 2007). Also, in students point of view, some
languages can be easier to understand than others (Lahtinen et al., 2005). And since most
languages used on programming courses are developed with professionals in mind, they
are not appropriate to a teaching environment (Gomes and Mendes, 2007). As a result,
they demand higher levels of memorization.

A direct consequence of these difficulties is the high dropout and failure rate some
programming courses face. According to Bosse and Gerosa (2015), in Brazil, most intro-
ductory programming courses have a high dropout and failure rate. Their research reports
a failure rate higher than 50% at Universidade de São Paulo. This rate includes students
who did not achieve the required grade and those who dropped out. Other studies also
discuss these high rates as a big concern in programming teaching research (Tan et al.,
2009; Rapkiewicz et al., 2006; Lahtinen et al., 2005).

Nonetheless, Bennedsen and Michael E. Caspersen (2007) report a global pass rate of
67%. Although they reported an 33% of failure rate, they could not provide any insight if
the failure rates represented only effective students, i. e. students who did not abandon the
course. In a follow-up study, Watson and F. W. Li (2014) confirmed these rates through a
literature review. They also identified an approximate global dropout rate of 3%. However,
both studies show that these rates can vary widely, with existing cases of 95% failure rate
(Bennedsen and Michael E. Caspersen, 2007). The authors also discuss that although
67% is not alarmingly low, it must be taken with caution since the rates of enrollment and
retention in computer science as a whole are known problems.

Although programming is a very complex task, programming skills are currently in
high demand. Different studies have been done in an attempt to find a solution to the
problems presented above. Among them, there is the visual programming paradigm which
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will be discussed in Section 2.2. Still, governments worldwide are trying to implement
introductory programming courses as integral part of elementary and high school curricula.
This movement is powered by the idea of computational literacy. Different authors argues
on how should this literacy be called (Vee, 2013; T. Dufva and M. Dufva, 2016), but in
this work we will use the term Computational Thinking as defined by (Wing, 2006).

2.1.2 Computational Thinking
The core concepts present in the idea of Computational Thinking were first identified

by Seymour Papert (Papert, 1980). The author believed the computer could be a tool
to pave new ways of thinking and learning, beyond the computer. Thus, the computer
would stop being only a machine to become a source of social transformation. Jeannette
Wing (Wing, 2006) coined the term Computational Thinking (CT) as the ability to employ
computer science concepts to solve problems in everyday life. According to the author, CT
is a fundamental skill that everyone should be eager to learn.

In an attempt to provide a clear definition, Aho (2012) presents CT as the “thought
processes involved in formulating problems so their solutions can be represented as
computational steps and algorithms”(Aho, 2012). In their study about bringing CT to K-12,
Barr and Stephenson (2011) discuss the problem of multiple definitions of CT present
in the literature. The authors argue that CT definition must be clear enough so that its
application is straightforward. Thus having K-12 in mind, they define CT as “an approach
to solving problems in a way that can be implemented with a computer”.

Recognizing the multitude of definitions to CT and also presenting a new approach
to the idea, Annette Vee (Vee, 2013) brings everything related to CT, digital (Eshet-
Alkalai, 2004) and code literacy (T. Dufva and M. Dufva, 2016) under the umbrella of
Computational Literacy. In her work, the author shows how all those definitions points
to the same direction: programming as a literacy. Since computer and programming
are inevitable elements in the society, constructing programs has become a powerful
mode of written communication (Vee, 2013). To the author, being a literacy means that
programming “can be used for creative, communicative and rhetorical purposes” (Vee,
2013). Therefore, Computational Literacy is the set of abilities to break a complex process
into small procedures and then express these procedures through code, which can be read
by a human or computer (Vee, 2013).

Vee (2013) argues that programming is a human facility with its own symbolism that
allows people to communicate through it. This understanding aligns directly with Papert’s
idea of using programming as a source of transformation, giving the programmer control
over the machine (Papert, 1996; Papert, 1980). Although, Vee (Vee, 2013) uses the term
Computational Literacy to talk about CT, in this project the term CT will be used as a
synonym to Computational Literacy. This choice is motivated to the fact that CT is a more
used term in the educational literature.

As shown above, CT goes beyond just programming. It is about applying the strategies
and models used to solve problems algorithmically to your everyday life. Thus, Wing
(Wing, 2006) divides it into a set of 11 processes such as abstraction, algorithm design and
decomposition. The objective then is to apply one of these processes to a given problem,
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not matter if the solution will by employed by a computer or human. The processes were
later expanded by other authors to include more granular concepts (Hsu et al., 2018;
Grover and Pea, 2013; Barr and Stephenson, 2011).

However, the literature shows that the main used strategy to foster CT is programming
(Grover and Pea, 2013; Hsu et al., 2018). But as presented in this section, programming
teaching and learning is not an easy endeavor and students may have lots of difficulties. So,
a solution employed in many studies devoted to programming teaching or CT is the visual
programming paradigm. As the name suggest, it is the use of visual elements instead of
text to construct a program. Programming languages that adopt this paradigm are known
as Visual Programming Languages. The paradigm will be discussed in the next section by
means of its associate programming languages.

2.2 Visual programming languages
Visual programming languages (VPL) come as an answer to the difficulties students face

when learning to program with traditional text-based languages. It is, as said by Glinert
and Tanimoto (1984), a departure from current programming styles in order to make
programming more accessible. And as such, VPL aims to mitigate the steep learning curve
related to programming since it has proven to be rather difficult to learn (Boshernitsan
and Downes, 1997). In this regard, studies have shown very positive effects of VPL in
the learning process like engagement and self-efficacy for instance (Booth and Stumpf,
2013; C.-K. Chang et al., 2017; Brandao et al., 2012). In this context, self-efficacy refers to
the student’s confidence on his capacity to solve a problem (Flammer, 2001). Moreover,
VPL are the main used teaching media to develop Computational Thinking according
to different reviews of the literature, specially due to its low cognitive load (Hsu et al.,
2018; Grover and Pea, 2013; Lye and Koh, 2014). Besides that, the Horizon Report also
identified visual programming languages as important tools to foster programming skills
(Freeman and Hall Giesinger, 2017).

A visual programming system is a programming environment that implements a
VPL (Nascimento et al., 2019). The presence of these systems dates back to 1960, when
Sketchpad was developed (Glinert and Tanimoto, 1984). The system allowed users to
create simple 2D objects using basic geometric primitives like lines and circles along with
operations such as copy and user-defined constraints (Boshernitsan and Downes, 1997).
Even though the creator of Sketchpad himself did not conceived it as a programming
tool, there is an understanding that it is possible to teach basic programming concepts
through geometric algorithms (Oliveira Brandão and Isotani, 2003). Another system
created during the same period was a data-flow language that allowed for debugging
and execution of data-flow diagrams (Boshernitsan and Downes, 1997). The first visual
system developed with programming in mind was Pygmalion, developed by David Smith
as a PhD project (Glinert and Tanimoto, 1984; Boshernitsan and Downes, 1997).

Pygmalion was an icon-based programming environment which employed the
programming-by-example concept. In this concept, students would show the system
how to perform a specific task, guiding the computer step by step. Then, the system
could generate a program that would perform that task for general cases. Figure 2.2
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Figure 2.2: Pygmalion’s user interface and example code.

shows the Pygmalion’s user interface with its menus and programming area. The figure
presents an example a user demonstrating to the system how to calculate 6!. After all the
steps are presented to the system, it can then calculate the factorial of any number. It is
possible to notice that the visual programming language used by Pygmalion had support
to flow control structures and loops. It was also possible to create your own icons and
functions.

Another relevant system to the development of VPL is Pict by Glinert and Tanimoto
(1984). Pict was the first system to allow for a complete visual programming experience.
According to the creators, all system interactions would be through the mouse without the
need for a keyboard. Besides the visual elements, Pict would also use audio cues to indicate
the correct usage of a command or errors. Visually, the code constructed inside Pict would
resemble a directed graph, with each node representing a programming structure. The
fragment of code shown in Figure 2.3 represents a piece of the factorial function. The
presence of different color schemes is another contribution given by Pict.

Modern systems like Alice3D, Scratch, Chentry and iVProg improve or expand the
concepts developed by the cited tools. Alice3D, for instance, focus on game building and
animations in a 3D world. Scratch follows a similar approach but in a 2D stage. iVProg uses
VPL affordances to enable students to build general purpose software. All these systems
will be discussed in Section 2.2.2.

2.2.1 Formal definition of Visual Languages
Visual language refers to any graphical system equipped with syntax and semantic rules,

where the language alphabet is consisted of visual symbols (Shu, 1986; Boshernitsan and
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Figure 2.3: Fragment of code show part of the factorial implementation in Pict
Source: Adapted from Glinert and Tanimoto (1984)

Downes, 1997). There are different ways to categorize the visual languages (Boshernitsan
and Downes, 1997) like, for example, the one defined by S. Chang et al. (1986, p. 3). In
their work, the authors divide the visual languages in four categories:

I. Visual Programming Languages

II. Iconic and Visual Information Processing Languages

III. Languages supporting visual interaction

IV. Visual information processing languages

Each category indicates how objects belonging to the language are composed. Categories
I and III have logical objects without a clear visual representation that are mapped to
one. Categories II and IV have naturally visual objects which then have a logical meaning
imposed over them.

Thus, the formal definition of a visual language 𝐿𝑣 can be expressed as the triple
𝐿𝑣 = (𝐼𝐷, 𝐺0, 𝐵) (Boshernitsan and Downes, 1997), where:

• 𝐼𝐷 is the image (or icon) dictionary,

• 𝐺0, the language grammar and

• 𝐵, the domain-specific knowledge base.

Following the characteristics defined by S. Chang et al. (1986), it is possible to infer that a
visual language is a mapping of domain-specific objects to visual elements. Taking VPL as
an example, 𝐼𝐷 is defined as the mapping 𝑋𝑚 ↦ 𝑋𝑖 , where 𝑋𝑚 represents the logical object
meaning and 𝑋𝑖 its visual representation. Then, 𝐺0 specifies how to construct composite
visual objects through spatial operations with elementary objects from 𝐼𝐷 (Boshernitsan
and Downes, 1997). Here, spatial operation defines how the user can move the objects
around since the language is visual in nature. Thus, a visual sentence is an arrangement
of pictorial elements related to two or more dimensions (Ferrucci et al., 1998). In this
context, the domain-specific knowledge base 𝐵 is responsible for giving meaning to the
composite objects. By analogy with textual programming languages, 𝐼𝐷 represents the
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alphabet, 𝐺0 the syntax rules and 𝐵 the semantic rules.

2.2.2 Visual Programming System
A number of visual programming systems have been developed through the years. Since

the Pict system, others interpretation of visual programming have been implemented, some
even mixing textual and visual. In this section, four systems will be presented: Alice3D,
Scratch and iVProg. They are all visual programming systems with different approaches
on how should the user build the code.

Alice is a visual programming environment developed by the Carnegie Mellon Uni-
versity where the user can create animations and games. It has been developed since
1992 and currently is in its third version. It is a standalone Java program that includes a
variety of graphical assets to be used by students. The idea behind Alice was to create a
novice-friendly 3d simulation system that supports exploratory programming (Conway,
1998). In Alice, the student has access to a 3d environment that can be populated with
different objects and images. It also includes a set of built-in actions that allows the user to
move objects, dynamically create new ones or change their appearance (Nascimento et al.,
2019). These actions are presented as visual blocks that can be dragged and dropped to
describe the desired behavior. The system is developed around an object-based approach,
where each element in the system is treated as an instance of a general class. It is a common
practice to use Alice as an introduction to object oriented programming (Nascimento
et al., 2019).

Figure 2.4: Alice user interface and its windows

Figure 2.4 presents Alice user interface and its windows. In the top left corner are the
objects in the scene window and in the bottom left corner are the selected object methods
and properties. The main scene window is in the middle of the screen while the selected
object function body is at the bottom of the screen. From the selected object method and
properties window it is possible to drag and drop all the actions the selected object can
perform. Figure 2.5 shows an example of a program that reads two numbers and prints
their sum in Alice.
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Figure 2.5: A program that reads two numbers and prints their sum in Alice

Following a similar design, the Scratch environment is actively developed by the
Lifelong Kindergarten Group at the MIT Media Lab. First launched in 2007, Scratch has
been under active development since then and has recently launched its third version.
Scratch is mainly a web application that also includes free assets like images and audio files.
There is also an off-line version that can be downloaded. The system target audience are
children and teenagers without programming knowledge and is designed to be ludic and
easy to use (Maloney et al., 2010). Scratch is heavily influenced by Papert’s constructionism
(Maloney et al., 2010; Resnick et al., 2009; Nascimento et al., 2019), in which case the
VPL system provides the students with tools to construct virtual stories and worlds. As a
consequence, Scratch is mainly used in middle schools projects and with kids, although
some experiments in higher education do exist Nascimento et al., 2019; C.-K. Chang
et al., 2017. Different from Alice, Scratch provides a 2D stage where users can easily create
games and animations by connecting and nesting blocks (Resnick et al., 2009; Maloney
et al., 2010). It also provides access to different multimedia sources like web-cams and
audio files.

Figure 2.6: Scratch main user interface.

The Scratch user interface is presented in Figure 2.6 . On the left is the list of command
blocks divided by categories which can be used to manipulate movable 2D graphical objects
called sprites and the stage (Maloney et al., 2010). In the middle is the programming area,
where the user drags and nest the blocks to code their algorithm. On the right is the stage,
where the user can insert sprites and background elements. In this window is also possible
to adjust manually some properties of the sprites like rotation and position. Figure 2.7
presents the same example in Figure 2.5 , but now implemented in Scratch.
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Figure 2.7: A program that reads two numbers and prints their sum in Scratch.

Chentry is a novel system designed to provide automatic assessment to an online
teaching web-platform (www.playentry.com). The platform is a Korean website aimed
at teaching children basic concepts of CT (J.-H. Kim et al., 2019). Although it uses a user
interface similar to Scratch, it just provides a limited amount of blocks based on the
assignment. When creating a project, the teacher can decide which blocks will be visible.
The Chentry system supports loops, variables, lists and input/output, such as Scratch
(J.-H. Kim et al., 2019). Moreover, the system can export code to the Arduino system and
also supports device communication.

Figure 2.8: Chentry main user interface.

Figure 2.8 presents the main interface of Chentry. The system provides a stage, which
cannot be edited by the user, that performs the code constructed at the block assembly area
on the left. There is also the block box, where all available blocks for the given assignment
will be presented. In the figure it is possible to see all blocks since it is the teacher view.
The example code implemented using Chentry is shown in Figure 2.9

Initially conceived as a modification of Alice, iVProg is now an independent system de-
veloped by the Laboratory of Informatics in Education (LInE) at Universidade de São Paulo.
Its first version was launched in 2009 and was distributed as a Java applet Nascimento
et al., 2019. However, since 2015 the system is implemented with HTML5 technology to be
fully web-compatible and portable. The motivation behind iVProg was to create a system
to aid programming teaching and learning that could also be easily integrated into learning
management systems. Moreover, iVProg ships with automatic assessment capabilities. As

www.playentry.com
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Figure 2.9: A program that reads two numbers and prints their sum in Chentry

Nascimento et al. (2019) report, iVProg is mainly used in high school and undergraduate
courses.

Figure 2.10: A program that reads two numbers and prints their sum in iVProg.

The iVProg user interface is presented in Figure 2.10 . The top bar presents a list of
commands related to code execution, assessment and help. iVProg also allows the user to
switch between a visual and textual representation of his code in a language inspired by
the PortugolStudio language1. The buttons on the left of the screen allows the user to create
variables in the global and local context and also insert commands to the function body.
The resemblance between the Alice code and iVProg is still very noticeable. Moreover,
the system also presents a terminal window responsible for managing input and ouput as
presented in the figure. It is also possible to create other functions with different return
types and parameters. Figure 2.11 shows the same example code for the other visual
systems now implemented in iVProg.

All the presented tools implement the visual programming paradigm in different
approaches and aimed different groups of users. In their work Nascimento et al. (2019)

1 http://lite.acad.univali.br/portugol/
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Figure 2.11: A program that reads two numbers and prints their sum in Alice

discuss the suitability of each one of them for some educational contexts like school level
and subject. Only Scratch and iVProg are web-compatible but only iVProg can be fully
integrated in a learning management system. Also, iVProg is the only tool present in the
literature that have support for some sort of automatic assessment of code. Automatic
assessment of programs will be discussed in Section 3.1.

2.2.3 Programming learning and Visual Programming
As mentioned earlier, the visual programming paradigm represents an advancement to-

wards a more accessible programming learning. Through its visual elements, VPL provides
a way to express code closer to how humans think (Lye and Koh, 2014). Reinforcing this
idea, Glinert and Tanimoto (1984) claim that the way humans mind process information
is often multidimensional and visual. Thus, VPL allows students to program through objects
that are closer to how they process information. This way they can concentrate on the
basic aspects of their solution instead of complex syntactic structures. As a consequence,
improvements in programming learning is reported by different studies.

Glinert and Tanimoto (1984) report an experiment where graduates and undergrad-
uates were asked to use the Pict system to develop some programming assignments. The
students found Pict’s visual system much easier to use than textual programming. Also,
some participants believed that they had just created a program without having to learn
a programming language. Moreover, students regarded the system as a useful tool to
understand program execution and debugging.

Investigating the empiric evidence for and against the claims made about VPL,Whitley
(1997) findings indicates that VPL is better when dealing with problem-solving situations.
According to the author, the reason is that the visual can express information in a more
consistent and organized way. He also claims that the benefit of using a VPL grows as
the complexity of the problem grows. However, he also points out that efficacy of visual
notation depends on the task to be performed, where the task may require more detailed
information from the visual system which is not always possible. Since he performed his
research in 1997, he was also concerned about the limits imposed by the graphics systems
of the time and other problems that are already overcome.

In his study, Sykes (2007) developed an experiment with three groups of computer
science students, two of them programming with C (comparison group) and one with
Alice3D (experimental group). The comparison among the groups showed that Alice3D
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eliminated syntax errors and was able to motivate students. They also noticed that the
visual nature of Alice3D allowed students to focus on problem-solving skills instead of
syntax and compilation errors. Moreover, when comparing all the groups, the experimental
group had a better performance overall.

Likewise, Meerbaum-Salant et al. (2010) developed an experiment with a group of
middle school students where Scratch was used to teach programming concepts. They
concluded that the use of a VPL improved students internalization of CS concepts like
loops, message passing and concurrency. Also, they applied a combination of Bloom’s and
SOLO taxonomies to measure students cognitive level after the experiment and found
indications of improvement. On the same note, Sáez-López et al. (2016) describe a case
study with 107 primary students using Scratch. The case study was developed in a 21h
sessions integrated in arts and science class. Their findings align with Meerbaum-Salant
et al. (2010) while also presenting advancements in other aspects related to logic and
mathematics. They also report an increase in motivation and enthusiasm.

C.-K. Chang et al. (2017) attempted to identify how VPL can affect motivation in
a data structure course. They analyzed the data of two groups, one experimental and
another control. They employed a pretest and post-test method to collect data on student
motivation. The experimental group had classes using the tradition method followed by
VPL, the control group had it the opposite way. Results show that VPL can improve students
motivation and outcome, which align with Meerbaum-Salant et al. (2010) and Sáez-López
et al. (2016). Also, the order in which VPL is introduced, before or after traditional text
programming, seemed irrelevant.

Brandao et al. (2012) performed an experiment with undergraduates in mathematics
through a blended learning approach. Their study attempted to identify how iVProg could
improve students problem solving with algorithms. Also, they investigated how a VPL can
affect students learning of a text-based programming language. The results indicate that
students found the visual language much easier to learn when compared to C. Students also
reported that the iVProg allowed them to focus on the solution instead of the issues related
to syntax and other language structure. The authors also claim students are more motivated
when using VPL and that iVProg can smooth text-based programming introduction.

Additionally, Booth and Stumpf (2013) developed a study with 11 students, where
each student would have 2h in lab with a textual and visual environment. Their findings
also confirms the claim that students perform better and are more motivated when using a
VPL system. Their results are also aligned with C.-K. Chang et al. (2017) regarding textual
and visual combination. Students also reported that they felt visual programming was a
good introduction to programming concepts but that once they understood the textual
approach was better. This is also related to Brandao et al. (2012) findings that a VPL
system can make textual programming easier.

Another approach that can yield good results in an introductory programming course is
automatic assessment of programs. The literature reports a number of benefits for students,
lecturers and instructors. The following section will discuss automatic assessment tools
and how they work.
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Chapter 3

Related Work

3.1 Automatic Assessment tools
The nature of programming makes it possible to employ automation in most cases. In

the industry, it is a common practice to use automated testing, deployment and integration
of huge software modules (Osherove, 2009). However, in an educational context, the use
of tools to automatically assess the students solutions dates back to 1960 (Douce et al.,
2005; Hollingsworth, 1960). Automatic Assessment Tools (AAT) can not only assess
numerous solutions at once but also provide quick feedback (Ala-Mutka, 2005). These
features can be very valuable for both students and lecturers (Ihantola et al., 2010). To
Pears et al. (2007), AAT are adaptable and have diverse applicability in a course context.
They can be used for summative or formative assessment, or even an impartial form of
evaluation. To the student, AAT provide a valuable and quick feedback, allowing them to
learn through their coding mistakes (Pears et al., 2007).

Instead of using compilers and text editors, the first AAT was developed to assess
Assembly code written on punch cards (Douce et al., 2005). The assessment process
consisted in checking if the outputs stored in specific memory address were the correct
ones. The only possible results at the time was “wrong answer” or “program complete”
(Douce et al., 2005). With the advancements of computing, new system were developed
and still in 1960, a new AAT designed for Algol was created. The system was dived in
three parts: a module responsible for the assessment, another to keep track of running
time and the last one to maintain a grade book (Douce et al., 2005).

According to Douce et al. (2005), the advantages of using an AAT consisted of a good
use of tutor and computer resources, already enabling a great number of students to learn
programming. Also, the authors claim that the concern with plagiarism and harmful code
was already present. Other tools were developed following the evolution of operating
systems (OS). These tools would use the preexisting tools and utilities provided by the
OS like testing engines and programming environment (Douce et al., 2005). Moreover,
with the emergence of these tools the concept of dynamic and static assessment took
shape.

For example, the first system to provide such hybrid approach was developed in 1989
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as reported by Douce et al. (2005) and Isaacson and Scott (1989). Besides checking the
program functionalities, the tool also verified if the code followed the code style expected
by the lecturer. In her review on AAT, Ala-Mutka (2005) analyze them according to
the nature of the assessment performed by the tool: dynamic or static. It is important to
mention that an AAT can provide assessments of both nature. Static assessment features
the evaluation of the code without the need to execute it. This type of assessment is able to
verify aspects ranging from coding style to code structure and other software metrics. In
dynamic assessment, the evaluation is focused on functionalities and the program behavior
during runtime. Dynamic assessment is often run inside “jails” in order to protect the host
system from malicious code (Ihantola et al., 2010).

3.1.1 Static and Dynamic Assessment
The automated assessment tools for programs have, in general, two types of assessment:

static and dynamic. In an educational context, each type of assessment aims to analyze
different aspects of the student solution. According toArifi et al. (2015), in static assessment
the program structure and content are examined to collect the required information. This
examination is done without the need to execute the code (Ala-Mutka, 2005). On the
other hand, dynamic assessment is characterized by the execution and verification of
functionalities. As a consequence, dynamic assessment usually requires some security
measure to ensure the safety of the system running it (Ihantola et al., 2010).

Static Assessment

Static assessment consists in the static verification of the student code. This is done
in order to check if the code provided follows the style rules or expected metrics. It is
important to note that any static verification requires the code to be sintatically valid (see
Section 2.1). This approach has a set of methods, many of them present in the industry
(Ala-Mutka, 2005; Arifi et al., 2015):

• code style: this approach analyzes the program readability in order to measure his
quality (Arifi et al., 2015). Some other aspects like line spacing and variable names
are also considered. Moreover, unused variables, usage of global variables, type
conversion and other language features are also considered(Ala-Mutka, 2005).

• programming errors: although most errors are found during runtime, there are
some heuristics that allow for some of them to be identified in a static verification
(Ala-Mutka, 2005; Ihantola et al., 2010). This includes semantic errors (see Sec-
tion 2.1) like incompatible parameter type when calling functions or performing
operations. Another problem very common with novices that can be spotted with
static assessment is never-ending loops (Arifi et al., 2015). Also, static analysis can
be used to identify potential malicious or problematic code and block its execution.

• software metrics: assessing a source code statically can also measure its complexity
(Arifi et al., 2015). The complexity of a code can indicate students performance or
misunderstanding of concepts and, as such, it should be used a sound pedagogical
purpose. Besides that, it is possible to measure comments frequency and number
of lines of code, i. e. lines that represent programming instructions, the number of
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statements and their size (Arifi et al., 2015). The size of a statement is represented
by average number of operators and operands.

• design: the assessment of the design (or structure) of a code is employed to assert
that the given code conforms to the required interface or structural requirement
(Ala-Mutka, 2005). Thus, a student code can be compared to a reference solution
and graded according to the similarities. Also, the same approach can be used to
detect possible plagiarism cases.

However, static assessment cannot provide reliable information regarding code behav-
ior during runtime. For example, if the code provided can perform the expected behavior
during its execution. Thus, dynamic techniques can be used to assess this aspect of the
code.

Dynamic Assessment

According to Ala-Mutka (2005), it is not possible to consistently and thoroughly
assess a student’s code without automation. This is specially true for dynamic assessment
since even a small piece of code can have numerous execution paths (Ala-Mutka, 2005).
To Arifi et al. (2015), dynamic assessment consists in executing a program with a battery
of test-cases. Each test-case can be designed to check an execution path and how the
program allocate and use processing power and memory (Ala-Mutka, 2005). Dynamic
assessment also have a set of approaches that can be divided into the following methods
(Ala-Mutka, 2005):

• functionality: this is the most common form of dynamic assessment. In most cases,
the system uses a black-boxing approach in which the program is analyzed as a single
entity. After that, the outputs generated by the program are examined and compared
to the expected ones which there is only two possible results: “correct” or “incorrect”
(Arifi et al., 2015). This assessment strategy is usually referred to as output matching,
which consists in comparing the program output text to the model output text (Ala-
Mutka, 2005). Another strategy used to assess program functionality is unit testing
(Ihantola et al., 2010). Unit testing is a piece of automated code that invokes a unit
of work in the system and then verifies if a given assumption about that unit of work
is true (Osherove, 2009). In this case, it is possible to evaluate the functionality of
smaller entities instead of complete programs. The unit of work can be a function or
any other block of code depending on the language used.

• efficiency: likewise the functionality evaluation, efficiency depends on a set of test-
cases. However, instead of checking outputs or assumptions about the program,
the system measures the program behavior during execution (Ala-Mutka, 2005).
Usually the measurements consists in CPU time or clock, how many times a block or
statement is executed. This approach normally requires a model solution to compare
the values measured from the student’s solution. Moreover, memory usage can also
be tracked and used as part of the assessment (Ihantola et al., 2010).

• testing skills: some system allows for students to upload their own test-cases. The
student program is run against his test-cases and the assessment is done on their
quality. The automated capabilities of the system are made available to the students
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so they can practice test designing and think about their own code (Ala-Mutka,
2005).

There are also some approaches the use a mixed-methods strategy. In some cases, it is
possible to specify moments during the program execution to run an specific assessment
(Ala-Mutka, 2005; Ihantola et al., 2010). Nonetheless, a set of test-cases are still required.
This approach can be useful when evaluating a program memory allocation strategy, to
make sure the memory being allocated is released at the right moment during execution
(Ala-Mutka, 2005).

3.1.2 Improving Automatic Assessment Methods
As already said by Ala-Mutka (2005), Ihantola et al. (2010), and Arifi et al. (2015), dy-

namic assessment through output matching is the most common approach used. Nonethe-
less, this approach does not tolerate deviations from the expected output which can be very
unforgiving when taking the student into consideration. It is very common to a human
instructor to ignore misspelled words or to identify synonyms, but the AAT may be able
to do so (Ala-Mutka, 2005; Ihantola et al., 2010). Since the system evaluates the outputs
generated by the student’s program, any extra character or whitespace can be enough to
evaluate a program as “incorrect” (Ihantola et al., 2010). There are some workarounds
that can be used to remove whitespaces, punctuation marks and accent marks, but it is
not easy to eliminate the synonyms and other writing styles problems. For example, the
expected output can be “the sum of the two numbers is 5” but the actual output is “The
sum is 5” which would be assessed as incorrect.

Figure 3.1: Dynamic assessment through output matching

Figure 3.1 shows how output matching works. The student submits a source code that
is executed using the teacher’s test-cases. Each test-case consists in a set of inputs and
expected outputs. The AAT then runs the student’s program against each test-case and
its respective inputs. An evaluation module then checks if the output(s) generated by the
students program matches the one present in the test-case. Note that the output must be
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strictly equal to the expected one. If they do match, the test-case is labeled correct and
incorrect otherwise. The student’s solution will be evaluated as correct if and only if all
the test-cases are labeled as correct. In the case presented in Figure 3.1 , the solution would
be evaluated as incorrect since it has at least one test-case labeled as incorrect.

Besides the methods described by Ala-Mutka (2005), there are other alternatives to
mitigate the output matching problem in the literature. For instance, C. K. Poon et al.
(2016), Yu et al. (2017), and Chung Keung Poon et al. (2018) propose a token pattern
approach which consists in a pre-processing step in order to identify key elements of the
output. They argue that “most of the deviations from expected outputs are associated not
with individual characters, but with groups of characters such as words and numbers” (Yu
et al., 2017). So, the output text is decomposed into tokens that represent an “atomic” piece
of meaningful information (Yu et al., 2017). The idea is that the system could automatically
identify how relevant each of the tokens are and they match the student’s output against
this tokens. A token can have different properties like: if it must match precisely the word
it represents or not; if the number it represents can have a different precision; if it allows
variations of the same word (synonyms); and being optional.

The token pattern approach attempts to give students some freedom, but as reported
by Yu et al. (2017) and C. K. Poon et al. (2016), the properties of each token group must be
set manually by the teacher. The systems presented in their study allows for some global
configurations in which certain groups can have default properties like whitespace and
punctuation.

Some studies focus on the feedback provided to the student, using technology and
tools that can aid the student locate errors easier. Araujo et al. (2016) employs a method
of spectrum-based fault localization (SBFL) and automatic code repair to produce better
feedback. SBFL is explained by the authors as a technique that relies on “program spectra:
program traces that reveal which parts of the code are active during a failed or successful
execution”(Araujo et al., 2016). SBFL dynamically assess the code in order to calculate
the likelihood of a given component, a line of code in this context, to by faulty. Like most
dynamic assessment, Araujo et al. (2016) requires a suite of well-designed test-cases in
order to locate the faulty components. The system ranks the each component based on the
rank given by the SBFL technique and use this information to generate a feedback.

However, Araujo et al. (2016) report that the technique can fail in given some situations
where the student solution did not pass at least one test-case. Also, the authors reports
that employing SBFL can be costly and, as such, improvements must be made in the
process.

Following a similar approach, Gulwani et al. (2018) employs clustering instead of a
fault localization technique. But, they still focused on feedback generation and code repair.
The clustering process uses an idea of dynamic equivalence of code. To Gulwani et al.
(2018), two programs 𝑃 and 𝑄 are said to be equivalent, 𝑃 ∼ 𝑄, if and only if they have
the same control flow structures and their variables have the same values, in the same
order with the same input. Based on this clustering, their algorithm then attempts to find
the minimum number of modifications required to transform a faulty program 𝑃 ′ into a
correct one.
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With the repair information in hand, the system them construct a feedback informing
the student which should be changed and to what. It is important to note that the whole
system relies on the idea of wisdom of the crowd and as such requires a number of correct
solutions to be available. For instance, given the code present in the Listing 3.1, Gulwani
et al. (2018) approach would generate a feedback like: “In assignment expression in line 4,
change sum[i] += vec to sum += vec[i]”. According to the authors, clustering and repair
achieved good results, comparable to a human. They also found some situations where
the algorithm could find a valid repair due to unsupported features and some problems
with control flow structures.

1 int sumVec (int len, int vec[len]) {
2 int i, sum = 0;
3 for (i = 0; i < len; ++i) {
4 sum[i] += vec;
5 }
6 return sum;
7 }

Program 3.1: Example of a faulty code in C

In their study, S. Li et al. (2016) developed a system that employs a random input
sample based on a reference solution. The system uses random test generation to produce
inputs using the reference solution and then perform symbolic execution with these inputs.
The idea is to identify which set of inputs executes most blocks of the reference solution.
With this information, the system then executes the student solution with a random
selection of the produced inputs. The generated output is then matched against the outpus
generated by the reference solution. Besides that, S. Li et al. (2016)’s system also verifies if
the student solution activates the same paths as the reference solution during symbolic
execution.

Experiment results indicates that the approach presented by S. Li et al. (2016) can
produce good results. However, it is a complex implementation and in the end it still
performs an output matching approach. Therefore, the technique is still subjective to
all the problems already mentioned. Table 3.1 summarizes the techniques presented in
this section and what the aim to solve. Next section will discuss how AAT can affect
programming learning and teaching.

3.1.3 Automatic Assessment and Programming
The automatic assessment tools(AAT) can provide a number of benefits to students

and lecturers. The possibility of giving quick feedback to students’ solution and to manage
many students are very attractive. However, the benefits of using an AAT are not limited
to these and in some cases the AAT was used as 0a tool to implement a novel teaching
methodology.

Reguera and Leiva (2017) developed an experiment with a group of students in an
introductory object oriented programming course. According to the authors, the AAT
was central to the development of didactic problem sequences. To the students, the quick
feedback provided by the AAT was very helpful and made them more motivated towards the
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Technique Study Improvement
Token Pattern Approach Yu et al. (2017), C. K. Poon

et al. (2016), and Chung
Keung Poon et al. (2018)

Attempts to improve out-
put matching by process-
ing the output into tokens

Fault Localization Araujo et al. (2016) Employs fault localization
to give context to feed-
back message

Code clustering Gulwani et al. (2018) Clustering of equivalent
code to better identify er-
rors

Code Repair Araujo et al. (2016) and
Gulwani et al. (2018)

Code repair as a source of
context to improve feed-
back messages

Random Test Generation S. Li et al. (2016) Improve AAT with au-
tomatic test generation
through a reference solu-
tion

Symbolic Execution S. Li et al. (2016) Improve code evalution
by checking all execution
paths and the quality of
test-cases

Table 3.1: Summary of techniques designed to improve AAT

course. Moreover, the increased motivation also resulted in better grades when compared
other classes in past years.

Lappalainen et al. (2017) investigated how AAT can affect students results during
exams. The authors claim that programming courses should have computer-based exams
instead of text-based. In their study, they analyzed different groups of students’ scores when
sitting exams with or without a computer. The group that sit the exam with a computer
used an AAT and had a clear advantage when solving more complex problems. The group
using AAT also produced less erroneous code. Besides that, they claim that automated
assessment gives reliable results when compared to manual assessment. However, the
design of quality test-cases can be very difficult as mentioned by S. Li et al. (2016).

In their study, D. M. D. Souza et al. (2015) developed a web-based AAT called ProgTest
in order to investigate the effects of the feedback provided by the tool. The experiment
consisted a group of 34 undergradute students of an introductory programming course. The
students found the constant and concrete feedback provided to be useful for developing
better comprehension of their code and analysis skills. In the instructor point of view, the
AAT was a viable way of identifying students difficulties regarding the concepts discussed
during the course.

A study attempting to investigate student performance when using AAT is reported by
Prather et al. (2018). They performed an intervention in two computer science courses
on programming: an introductory and an advanced course at a university in Argentina.
Both courses were taught using Haskell and the study employed the AAT called Mumuki
developed by the university. Their findings indicate that the use of an AAT can reduce
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the dropout and failure rates since the immediate feedback provided by the tool can help
students find errors and correct them on their own. Another important finding was that by
using automated assessment the students can have the freedom to pace their study.

Likewise,Wilcox (2015) presents the effects of introducing an AAT in an undergraduate
course through the years. The author claims that the automation of the grading process can
significantly save resources in introductory courses without impacting them negatively.
The AAT can save resources like time spent grading exercises and money paid to teaching
assistants to grade tests. According to the author, “the benefits of automation are both
tangible, such as higher exam scores, and intangible, such as increased student engagement
and interest” (Wilcox, 2015).

Following a similar approach, Cardoso et al. (2018) investigated how the use of an
AAT could impact students motivation and engagement. They developed an experiment
with 318 students of an introductory programming course during the year of 2017-2018.
As a result, students really enjoyed using an AAT and found the quick feedback provided
to be useful to improve their solution. Also, the majority of the students wished there were
more exercises to be done through the AAT.

Maguire et al. (2017) also developed a study on the effects of AAT and programming
learning. The objective regarding AAT was to identify if it could improve students outcome.
The authors then designed an intervention to analyze the effects of an AAT on students’
performance. Their findings indicate that an AAT can not only improve students grades but
also reduce failure rates. Their results aligns with those found by the already mentioned
studies like Prather et al. (2018). Also, they found that AAT saved a considerate amount
of labor on the part of lecturers and demonstrators, which also confirms Wilcox (2015)
findings. Besides that, the authors claim that the quick feedback helped students to develop
better programming skills.

As shown in this section, different studies shows the benefits of AAT to teaching and
learning to program. The tool can not only help the student improve their grades and
knowledge but also help the teacher to focus on didactic and pedagogical matters. The
automation can reduce the amount of labor required from the lecturer and other resources.
Then, how can one join the benefits of visual programming language and automatic
assessment of programs in a single package?

As cited before, iVProg is a visual programming tool that also offers automatic as-
sessment, however it suffers all the basic problems related to output matching. Moreover,
there is also Chentry (J.-H. Kim et al., 2019), another visual programming environment
that perform static analysis in order to match a given solution to a reference solution.
Next section will discuss this project proposed solution to improve visual programming
languages automatic assessment capabilities using iVProg as an example.

3.2 Abstract Syntax Tree
An Abstract Syntaxt Tree (AST) is usually the output of a syntactic analysis tool, very

relevant for compiled languages. The AST is, in this case, usually associated with a textual
code for programming language. According to Falleri et al. (2014), an AST is a labeled
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ordered rooted tree where the nodes can have a string value. In an AST, the label of a node
represents its name according the language grammar production rules (Tennent, 1976).
These production rules dictates how each syntactic structure should be represented in the
tree. Each node value corresponds to actual tokens in the code like function definitions,
variable declarations or literal values. The nodes also encode the flow-control structures
in the code and information about the data types present in the language.

(a) AST representation of the code from language L

(b) Textual representation in language L from the AST
in Figure 3.2a

Figure 3.2: Illustration of connection between source code and AST

An AST 𝑇 can be formally defined as 𝑇 = {𝑡 ∶ 𝑡 𝑖𝑠 𝑎 𝑛𝑜𝑑𝑒}, where a tree T has one
root node denoted by 𝑟𝑜𝑜𝑡(𝑇 ) (Falleri et al., 2014). Following the author’s definition, each
node 𝑡 ∈ 𝑇 must have a parent 𝑝 ∈ 𝑇 ∪ ∅ (denoted by 𝑝𝑎𝑟𝑒𝑛𝑡(𝑡)) where only 𝑟𝑜𝑜𝑡(𝑇 ) has ∅
as parent. The children of a node 𝑡 is denoted as 𝑐ℎ𝑖𝑙𝑑𝑟𝑒𝑛(𝑡). Figure 3.2 shows an example
of AST for the generic language L. Besides representing the relevant information about the
code and its structure, an AST can also be executed by interpreting it (Kalibera et al., 2014).
Also, an AST can also be transformed into other AST by using specific algorithms (Falleri
et al., 2014). This allows, for example, the transformation of an AST of one language to
another.
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Visual Code Assessment Tool -
VCAT

This chapter describes the solution developed in this research to enable different visual
programming languages to use automatic assessment features. The solution is divided
into three parts: the model, the instantiation and application. In this chapter it will be
discussed the model, the following chapters will discuss the instantiation and application
respectively. Here it will be presented the model and the purpose of each component.
Additionally, it describes how the components implementation relates to the theories and
concepts discussed in previous chapters.

4.1 VCAT’s Architecture
The solution presented in this section joins visual programming and automatic as-

sessment of programs. As explained in Section 2.1, programming is a challenging skill to
acquire. Among the difficulties faced by students, literature shows that the complexity of
textual programming languages is one of the most common. Visual programming languages
were designed as an alternative to traditional programming and to make programming
more accessible (J.-H. Kim et al., 2019). However, as presented in Chapter 2, most visual
programming languages do not lack automatic assessment features that allows students
faster feedback and autonomy. The only exceptions were iVProg and Chentry which offer
an automatic assessment features.

Still, both of them have limitations in what they can evaluate. For instance, iVProg only
offer the standard implementation of output matching with all the problems associated
with it. In Chentry’s case, the tool performs a static evaluation based on the logs produced
during code construction. The evaluation consists in comparing the logs produced by the
student with the logs of the reference solution. Although it is a valid form of assessment,
it does not guarantee that the code functions as expected (Ala-Mutka, 2005).

So, in order to allow other visual programming languages easier access to automated
assessment features and improved feedback, this work proposes the visual code automatic
test(VCAT). It is a model of automated assessment of code for visual language designed to al-
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low different visual programming languages to use a common core that provides automatic
assessment and improved feedback. VCAT design is inspired by iVProg’s later version,
focusing on decoupling assessment and execution logic from the visual programming
system. As a result this creates a new software artifact which can be used in other visual
programming systems besides iVProg. It is important to note that VCAT’s initial version
is focused on visual languages aimed towards high-school students and undergraduates
in their first steps on learning programming. The initial version is a proof of concept
and thus, limiting its scope was necessary to make its development and implementation
feasible. As a consequence, the design decisions taken at this moment are aligned with
this scope in mind.

Let 𝐿𝑣 be a visual language defined as 𝐿𝑣 = (𝐼𝐷, 𝐺0, 𝐵) where 𝐼𝐷 represent the visual
icons dictionary for the language; 𝐺0 the language grammar rules for combining visual
icons or visual objects into new visual objects; and 𝐵 the knowledge base responsible for
giving logical meaning for objects constructed in 𝐿𝑣 (see Section 2.2.1). Let (𝐿𝑣) be the
set of all valid constructions from 𝐿𝑣 and 𝐶𝑣𝑖𝑠𝑢𝑎𝑙 be a valid construction of 𝐿𝑣 such that
𝐶𝑣𝑖𝑠𝑢𝑎𝑙 ∈ (𝐿𝑣).

Figure 4.1: Simplified view of VCAT model

Let  be a software component that receives as an input a code and an assignment
description both in a predefined format which  is able to execute, and perform automatic
evaluation according to the assignment description provided. And as output,  provides
a feedback on the code it just assessed. Here  represents the VCAT’s core, responsible
for not only execution but also code assessment. Now, let 𝐹𝑡𝑟𝑎𝑛𝑠 be a function defined
as:

𝐹𝑡𝑟𝑎𝑛𝑠 ∶ 𝐶𝑣𝑖𝑠𝑢𝑎𝑙 → 𝐶𝑡𝑒𝑥𝑡 ,

where 𝐶𝑡𝑒𝑥𝑡 is a textual representation of 𝐶𝑣𝑖𝑠𝑢𝑎𝑙 which can be executed by . The
representation 𝐶𝑡𝑒𝑥𝑡 is the translation of each visual object that composes 𝐶𝑣𝑖𝑠𝑢𝑎𝑙 to their
corresponding logical meaning given by the language knowledge base 𝐵.
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Thus, as shown in Figure 4.1 , the model consists in a number of processes that occur
in two contexts: the visual language context and VCAT context. The translation of the
structure representing a visual code 𝐶𝑣𝑖𝑠𝑢𝑎𝑙 constructed from 𝐿𝑣 into an textual representa-
tion 𝐶𝑡𝑒𝑥𝑡 occurs in the visual language context and as such needs to be implemented for
each visual language that wants to use VCAT. Then, in VCAT´s context, the representation
𝐶𝑡𝑒𝑥𝑡 is executed and evaluated by , providing a feedback that can be presented to the
student.

In Figure 4.1 ,  uses an assignment description provided by the teacher which
describes how the assessment should be performed.  then uses the information present
in the assignment description and evaluates the code accordingly using both Code Executor
and Assessment component. Through the Assessment component,  can have access to
different types of evaluators like output matching, unit testing, static analysis, etc. Here,
the IO module in  allows communication between  and the visual programming
system, specially for feedback presentation and, in case of code execution, requesting
input from the user. Next section will provide more details for the AST component along
side information on 𝐹𝑡𝑟𝑎𝑛𝑠 function implementation.

4.2 Implementing 𝐹𝑡𝑟𝑎𝑛𝑠
The implementation details of 𝐹𝑡𝑟𝑎𝑛𝑠 is heavily dependent on the visual language. So,

providing a generic implementation that would work for all is not feasible. Given that
each visual programming system can represent and manage the visual code in a variety of
ways, the need for a function responsible for translating the visual code from the visual
programming system context (𝐶𝑣𝑖𝑠𝑢𝑎𝑙) to a representation that is known by VCAT (𝐶𝑡𝑒𝑥𝑡 )
becomes evident. Thus, it is required that any visual programming language that wishes
to use all functionalities provided by VCAT must implement their own 𝐹𝑡𝑟𝑎𝑛𝑠 .

Let 𝐿𝐻 be a hypothetical visual programming language defined as 𝐿𝐻 = (𝐼𝐷, 𝐺0, 𝐵) and
let 𝑂1, 𝑂2 and 𝑂3 be visual objects such that 𝐶𝑣𝑖𝑠𝑢𝑎𝑙 = {𝑂1, 𝑂2, 𝑂3} which were constructed
by operating over icons from 𝐼𝐷 given the rules defined in 𝐺0. Thus, it follows that
𝐶𝑣𝑖𝑠𝑢𝑎𝑙 ∈ (𝐿𝐻 ) since it is a valid construction from the language 𝐿𝐻 . Let’s assume that𝐶𝑣𝑖𝑠𝑢𝑎𝑙
in this case represents the following algorithm represented in natural language:

1. Create a variable named val of type integer (𝑂1).

2. Read a user input into variable val (𝑂2).

3. Write to the output the value from variable val times 2 (𝑂3).

Then, by using the knowledge base 𝐵 it is possible to map each construction 𝑂𝑖 in 𝐶𝑣𝑖𝑠𝑢𝑎𝑙
to their logical meaning and as a consequence generate its equivalent construction in the
representation of 𝐶𝑡𝑒𝑥𝑡 . In VCAT, the AST data structure was chosen to represent 𝐶𝑡𝑒𝑥𝑡 ,
and as such the process of creating 𝐶𝑡𝑒𝑥𝑡 can be defined as a mapping of each visual object
logical meaning to a valid AST node.

The AST structure was chosen because it can be executed and it can also be used to
encode all commands and expressions of any programming language. And so, 𝐶𝑡𝑒𝑥𝑡 must
be constructed using the AST nodes present in the AST component of . Therefore, the
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AST component must provide all nodes for a general-purpose language in order to cover
as many visual programming languages as possible. It must also be feasible to extend the
AST component such that new nodes can be created to contemplate logical constructions
not covered by the original AST node set.

Taking the visual code 𝐶𝑣𝑖𝑠𝑢𝑎𝑙 = {𝑂1, 𝑂2, 𝑂3} into consideration, Program 4.1 presents
a possible implementation of 𝐹𝑡𝑟𝑎𝑛𝑠 for 𝐿𝐻 using JavaScript.

Program 4.1 Example implementation of 𝐹𝑡𝑟𝑎𝑛𝑠 for a hypothetical visual language 𝐿𝐻 .

1 function translateVaribleDef(variableDefBlock) {
2 var_ame = variableDefBlock.name
3 var_type = variableDefBlock.type
4 ast_var_def = new AST.Declaration(var_name, var_type)
5 return ast_var_def;
6 }
7
8 function translateReadInput(readInputBlock) {
9 var_name = readInputBlock.varName

10 ast_var_ref = new AST.Variable(var_name)
11 ast_func_read = new AST.FunctionCall("read", ast_var_ref)
12 return ast_func_read
13 }
14
15 function translateWriteOutput(write_block) {
16 // translateExpression code is omitted for simplicity
17 ast_expression = translateExpression(write_block.expression)
18 return new AST.FunctionCall("write", ast_expression)
19 }
20
21 function Ftrans(c_visual) {
22 root = []
23 for (visual_object in c_visual) {
24 // from first visual object to last
25 // B is the knowledge base of the language
26 switch(B.getObjectType(visual_object)) {
27 case VARIABLE_DEF:
28 root.push(translateVaribleDef(visual_object))
29 break;
30 case READ:
31 root.push(translateReadInput(visual_object))
32 break;
33 case WRITE:
34 root.push(translateWriteOutput(visual_object))
35 break;
36 // omitted for simplicity
37 }
38 }
39 return root
40 }

Program 4.1 exemplifies how each translation function is tied to the visual object logical
meaning the function is supposed to translate. In Program 4.1, 𝐹𝑡𝑟𝑎𝑛𝑠 implementation, it is
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possible to notice the knowledge base 𝐵 guides the function to call the correct translation
function given the visual object. Then, each translation function is fully aware of the
type of the visual object it is attempting to translate and as such can access the proper
fields and select the correct AST node. Moreover, as discussed before a visual object
can be a composition of other visual elements as exemplified by translateWriteOutput in
Program 4.1. To properly translate the write block, the function needs to translate the
visual elements present in the expression provided to the write block. This shows that
recursive calls will happen during the execution of 𝐹𝑡𝑟𝑎𝑛𝑠 for any visual language. It is
important to note that this is example based on the concepts presented in this text so
facilitate the comprehension. In a concrete scenario, it is very likely that there is not special
object representing the knowledge base 𝐵 and the logical meaning of a visual object is
actually encoded in itself.

4.3 VCAT’s core:  software component

VCAT’s purpose is to provide automatic assessment of code for visual programming
languages. To do so, the model needs to provide its users with some ready to use tools
which requires minimum implementation on the users’ side. The software component
needs to be independent of the visual programming language being used and be able to
execute and evaluate the code represented by 𝐶𝑡𝑒𝑥𝑡 . This is very important for it allows
 to be shared with any visual language that wants to instantiate the model.

As discussed in Section 4.2, it was decided to use an AST data structure to represent𝐶𝑡𝑒𝑥𝑡
since it can be executed. It can potentially represent any code which meet the expectation
of the model. Since the visual programming system itself controls the contruction of the
visual code and generates 𝐶𝑡𝑒𝑥𝑡 itself, there is no point of performing any type of code style
assessment. And as such, the use of an AST does not impact negatively the model.

4.3.1 AST component
The AST used in this project is able to represent most general purposes languages.

It has nodes for variables, vectors and matrices, block of codes, loops and control flow
structures. It has also support advanced structures like pointers, which allows visual
languages to work with function parameters as references. Moreover, it can recognize all
basic types like boolean, integers, float-point numbers, characters and strings. However,
the AST does not support user-defined types like C struct or Pascal record, even though
there are internal modules that would support this feature. Since an AST can be linked to
a textual code form, it was decided to also allow  to execute code in traditional text
format.

This is influenced by the idea that visual programming should be a helping tool in
learning how to code using text (Brandao et al., 2012). The objective is to use visual
programming to teach students programming logic concepts like variable, loop and con-
ditional, and show how they are universal for all languages. The textual programming
language implemented was based on PortugolStudio’s(Dos Anjos et al., 2016; Noschang
et al., 2014), sharing some similarities and compatibility where possible. PortugolStudio´s



36

4 | VISUAL CODE ASSESSMENT TOOL - VCAT

programming language is designed towards beginners and was a good addition to the
model.

4.3.2 Code Executor & IO components
The code executor as the name suggests is responsible for executing 𝐶𝑡𝑒𝑥𝑡 , specially

during functional assessment. It allows visual programming languages to dedicate effort
on the visual coding aspect and delegate to  code execution. The code executor is an
interpreter designed to execute the algorithm encoded using the AST nodes defined in
VCAT. Also, it can fully execute the textual language defined for the AST component.
Another important aspect of the code executor is its flexibility. Adding new functionalities
at runtime without causing breaking changes to its API should be relatively simple. This
can be very useful when providing support for other visual programming languages with
some particular requirements.

Another very important aspect of code execution is the ability to interact with the user.
By definition, an algorithm is a set of operations performed over an input to provide an
output, thus making the IO component a very important part of . The IO component
provides the interfaces required by the code executor to request an input from the user and
also to present any output generated during execution or other verification by . The
interfaces provided are expected to fulfill the IO needs of the AST (and as a consequence
its corresponding language). As discussed in Section 4.3.1, the VCAT’s AST aims to realize
the requirement of a general purpose programming language. Thus, IO interfaces are
designed to provide the standard capabilities of reading all the basic types defined for the
AST (integer, floating-point, character, string and boolean) and also printing them to the
desired output. Moreover, in case a visual programming system needs a special kind of IO,
the interfaces, the AST and the code executor itself can be extended to support it.

4.3.3 Assessment component
The assessment component as the name suggest is responsible for code evaluation.

Its purpose is to house all assessment methods available for . Figure 4.2 shows the
domain diagram for the Assessment component. In VCAT, the AssessmentRunner has the
responsibility of running the correct assessment defined in the assignment description
file. For this, the AssessmentRunner should provide a static function where assessment
methods can be register using the same name as the one expected in the assignment
description file. The AssessmentRunner is expected to inform of any issues during the
assessment process, and as a result it needs access to the output interface. This same
output interface is passed on to the assessment method during its execution in order to
provide feedback. Since the AssessmentRunner is designed as a composition of different
assessment methods, an abstraction called Assessment was devised.

The Assessment abstraction defines an application programming interface (API) for all
assessment methods inside VCAT. As such, it must be implement by any new assessment
method since, otherwise the AssessmentRunner will not be able to execute it. The Assess-
ment interface API defined aims to allow the AssessmentRunner to provide the Assessment
instance all information inside the assignment description(setAssignmentDesc) and exe-
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cute it (eval) and provide feedback. Note in Figure 4.2, that the AssessmentRunner does
not have any dependency to the CodeExecutor component, this dependency is pushed to
the class implementing the Assessment interface since there is also static types of program
assessment which does not require code execution. In Figure 4.2, the dashed line from the
NewAssessment class to the CodeExecutor component is to indicate that this dependency
is not mandatory.

Figure 4.2: Domain diagram for VCAT Assessment component

In this initial version, VCAT has integrated to  an output matching assessment.
This output matching class is an improved implementation over the standard approach as
presented in Section 3.1.2 and is based on iVProg’s original version. The new algorithm
can now properly deal with the problem of numeric precision and treat typed values
independent of text. As discussed in Section 3.1.2, it is common to output matching
algorithms to label solution as wrong if the student’s output have a higher precision than
the teacher’s solution. Inspired by the literature and the author’s own interactions with
students during classes, VCAT’s output matching algorithm focus not only on improving
how the algorithm treats the generated output but also on the feedback provided to the
students The improvements on the presentation of the inconsistencies to the students are
designed so they can understand their mistakes and easily take action at the likely source
of the issue.

One very common problem for traditional output matching algorithms is to mislabel
as incorrect solutions where the generated numeric value has different precision than the
one expected even though a human would label it as correct. In VCAT’s output matching
algorithm, students’ numeric outputs are truncated if they have higher precision than
the expected output. When dealing with textual output, the new algorithm computes the
differences between the produced output and the expected one, so students can easily
identify typos or missing words. The solutions presented by Yu et al. (2017), C. K. Poon
et al. (2016), and Chung Keung Poon et al. (2018) for these textual issues are very complex
to implement and require a lot of work from the instructor side.



38

4 | VISUAL CODE ASSESSMENT TOOL - VCAT

Additionally, in VCAT the output matching algorithm will break down the students
solution in parts, one for each type(numeric, text and boolean) identified in the expected
output. The assessment will be performed in each part individually, avoid situations where
the students will score 0, even though they had got really close to the correct solution.
Moreover, the text output is assessed character by character and the grade is penalized
by the number of missing/wrong characters. With this in place, the student will get a
percentage of the grade based on how many parts are correct instead of a straight zero. For
instance if the expected output is “area: 25” but the student code outputs only “25”, VCAT
will score it as 50% of the grade since the numeric output matches the expected.

In VCAT, a simpler solution to the problem was designed. To better visually indicate
the textual issues in the output, a textual difference tool (diff ) was implemented as part of
VCAT’s output matching code. The diff tool is heavily used in programming and textual
edition environments. It uses colors and strike-trough text formatting to indicate text that
must be inserted, kept or removed. So, VCAT feedback highlights the differences between
the output produced by students solution and output expected by the assignment using
the diff tool. It makes it easier for students to spot the issues in the output more quickly
and also immediately know if they had extra text added or missed something. The output
processing checks the generated output line by line to facilitate this process. Even though
the current version of VCAT only has output matching assessment, the system is robust
enough to accept new modules with new assessment strategies. This is a result of an initial
focus on providing a better and clear assessment feedback to the students in order to be
more helpful when errors occurred.

Talking about new assessment methods, a new method that could be implemented
is a static analysis assessment. As presented in Figure 4.2 , the main requirement is to
implement the Assessment interface. For instance, a static analysis module can use the
AST representing the code to verify the design and software metrics like code complexity,
presence of loops and recursion. Once another assessment option is available it would
then be possible to perform compounded assessment of multiple types. The static analysis
could, for example, be used to prevent a program from being evaluated by the output
matching algorithm if it does not meet an specific requirement or vice-versa. This would
be an improvement on the method presented by J.-H. Kim et al. (2019), since in Chentry
only the log was analysed and not the actual code produced by the student.

As discussed in Section 4.1, the Assessment component has to be able to deal with the
visual languages types of I/O. VCAT’s initial version has support for text-based I/O which
is aligned with the most traditional languages and the general nature of the exercises for
the learning level the initial implementation is aimed for. This is was a necessity since
providing a global solution to all possible scenarios would be unfeasible. VCAT was created
as a flexible and extensible tool which allows visual languages to adapt it to their needs if
required. Also, any new feature needed can be added as a new component under VCAT’s
 and as a consequence all visual languages using VCAT would also be able to use the
new feature.

VCAT’s output matching assessment requires a set of test-cases to be executed. The
test-case is provided to VCAT by an assignment description file which can also be extended
to set some configurations in VCAT’s modules. Next section will discuss the format and
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the parts of the assignment description file.

4.3.4 Assignment Description
The assignment description is an important element of VCAT’s model. It is responsible

for instructing  how it should perform the automatic assessment of the provided
code. The assignment description file format is influenced by the automated assessment
algorithm being used. However, VCAT expects the file to be a valid JSON object, which
is a portable, descriptive file format and easy to read, be it by a human or machine. For
instance, Program 4.2 describes how the assignment description file could look like for
using with output matching algorithm.

Program 4.2 Example of an assignment description file for output matching in VCAT.

1 {
2 "assessment": "output_matching",
3 "test_cases": [
4 {
5 "input": [2,2],
6 "output": [4]
7 },
8 {
9 "input": [3,3],

10 "output": [27]
11 }
12 ]
13 }

It tells VCAT to perform automatic assessment using the output matching algorithm.
Given that in this algorithm it is mandatory that test cases, Program 4.2 also has a set
of pairs of inputs and the expected outputs which are used to assess students’ code. The
values inside the fields input or output can be anything as long as the  can handle it. So,
in case of the addition of a new type of input, the only requirement is that the new input
abides to the rules set by the IO module. The same principle applies for the output.

Program 4.3 Example of an assigment description file for static assessment in VCAT.

1 {
2 "assessment": "static_assessment",
3 "check_rules": {
4 "variable_naming": "snake_case",
5 "code_complexity": 45,
6 "max_nesting_level": 2,
7 }
8 }



40

4 | VISUAL CODE ASSESSMENT TOOL - VCAT

To illustrate the relationship between the assignment description file and the automatic
assessment method used, Program 4.3 presents a potential file format for a static assessment
algorithm. As mentioned in Section 3.1.1, generally speaking static assessment checks
the source code style, programming errors and software metrics. Program 4.3 shows an
example of a static assessment algorithm that checks variable naming style and code
metrics like its complexity and the level of nesting of flow control and looping structures.
Static assessment can be a great tool in developing good coding practices by pointing out
issues that are not easy to spot and even avoid crashes during runtime. Even though VCAT
is quite flexible and open for extensions, there are somethings that it cannot handle or
requires some specialized class. Next section will present the known limitations of the
model and how they affect the model.

4.4 Model limitations
Unfortunately, the proposed model cannot be applied in all contexts and for all code that

can be produced by visual languages in general. Some cases can be solved by implementing
a new functionality that allows VCAT to provide the missing feature, like inputs and
outputs that are not the traditional keyboard and text. Other limitations, however, cannot
be easily solved by implementing a new functionality. For instance, parallel-like execution
of some solutions present in visual programming languages like Scratch and Chentry.

These parallel-like executions have a set of independent blocks of code to have individ-
ual lifetime while allowing them to communicate between each other. This make dynamic
assessment of code extremely difficult. Nonetheless, this difficulty is not limited to VCAT
itself but computer science as a whole, since parallel code usually has non-deterministic
behavior (Y.-J. Kim et al., 2005), meaning that each execution with the same input can
produce the output in a random order each time. Output matching algorithm and as other
dynamic assessment algorithms like unit testing, cannot handle this kind of behavior
properly. So, currently, any solution that presents a similar behavior to a parallel execution
cannot be dynamically assessed with VCAT. However, static analysis would still be feasible
since there is no execution of the code and it is a deterministic process. Next chapter will
report the steps for the instantiation of VCAT for iVProg and another visual language
designed by the author.
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Chapter 5

VCAT instantiation

This chapter describes the required steps to instantiate VCAT for a given visual lan-
guage. It presents how 𝐹𝑡𝑟𝑎𝑛𝑠 was instantiate for the languages presented and the usage of
VCAT IO module to allow interaction between the user and . First, the process for in-
stantiating VCAT for iVProgis presented since it is the main visual programming language
for VCAT and one of the flagships of our research group. The other language presented in
this chapter is a simple general-purpose visual programming language developed by the
author. The idea behind this second language is to demonstrate that VCAT is a general
model applicable to other visual languages and not only iVProg.

5.1 Implementing software component 
As discussed in Section 4.3, the software component  is the core of VCAT. Among its

functionalities is the ability to execute the output provided by 𝐹𝑡𝑟𝑎𝑛𝑠 and perform automatic
assessment. Since in last chapter presented VCAT from an abstract point of view, here 
will be presented in its concrete form for the model instantiation. It is important to keep
in mind that  is part of the VCAT context and thus does not change as a consequence
of the language it is being instantiated for.

Aligned with the research group approach of developing decentralized web applications,
VCAT’s  was developed using HTML5 stack (HTML, CSS and JavaScript) to allow it
to be executed independent of a web server. As a consequence, all components were also
developed using JavaScript and its super-set language TypeScript. This not only allows
students’ web browsers to execute everything but also provides the flexibility required
by . The JavaScript language makes it possible for objects to be extended with new
functionalities during runtime without actually needing to modify the original source code.
This makes  very flexible and able to be extended to fulfil any special needs of a new
visual language, although in VCAT’s case, some small intervention would be needed in the
original source code to any modification to take effect. For security reasons, it was decided
to not allow free modification of  during runtime since this could affect students’ data
and the trustworthiness of the automatic assessment result.

Figure 5.1 presents the domain diagram of the main packages, interfaces and classes
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Figure 5.1: Domain diagram for the JavaScript implementation of 

that composes  JavaScript implementation. It expands the contents resented in Figure
4.1 and discussed in Section 4.3 on Chapter 4. Do note that the actual implementation
contains more packages and classes, but they are relevant to the intended discussion. In
Figure 5.1 there is a new package called Helpers which houses some of the code used to
improve the feedback provided by the OutputMatching class. For example, the Levenshtein
distance algorithm is implemented inside the Helpers package so it is available for others
packages to reuse easily. There is also the code for formatting the output of the Levenshtein
algorithm like the commonly used textual difference tool diff. In general, the package
contains reusable implementations of common or useful tasks that can be used anywhere
inside VCAT’s .

5.1.1 AST package
Figure 5.2 shows the implementation of the AST component described in Section 4.1

with more details of the ASTParser class and one interface available in the ASTElements
package. ASTElements is a package created to hold all the elements representing the AST
nodes recognized by VCAT. The elements are divided into two categories: expressions
and commands. Command nodes represents all instructions from the language that can
alter the program state like: function and variable declarations, assignments, control flow,
loops, I/O and other function calls. On the other hand, expression nodes represents all
parts of any expression in the language like "𝑖 + 2", "5 + (3 ∗ 𝑖)" or "𝑝𝑜𝑤(𝑖, 2) + 𝑠𝑞𝑟𝑡(𝑖 + 1)"
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Figure 5.2: Class diagram for the AST package JavaScript implementation

which produces values but does not alter the program state. The expression nodes contains:
functions calls that return values, unary and binary operations, constant and variable
values. Among all the expression nodes, the only one that can break the rule regarding
not altering the program state is the function call expression. This is because a function in
VCAT can receive a parameter by reference and thus all modifications to that parameter
will be reflected outside of the function. So, given that the functions 𝑝𝑜𝑤 and 𝑠𝑞𝑟 above
are not by reference, the consecutive evaluation of them would produce the same result
always as long as not command altering the state of variable 𝑖 is executed in between. One
can see expression node as idempotent operations while command nodes are not.

All commands and expression nodes have the ASTNode interface as a common su-
perclass, this helps abstract away the role of each node where the information is not
necessary. Then, through object-oriented programming inheritance mechanism, the AST-
Parser can decode textual code into a list of ASTNodes that will be later executed by the
Processor class. The text-based language, as mentioned in Section 4.3.1, is inspired by
PortugolStudio and should be seen as a stepping tool to move from a visual programming
language to a text-based language. As shown in Figure 5.2, the ASTParser has a static
method called createParser(string text) used to create a ASTParser instance. There are
many other methods inside a ASTParser instace, but from the final user point of the the
most relevant method available is parseTree(). This method will parse the text fed to the
createParser function and generate a list a ASTNodes in a tree-like approach, where each
element in the list is a child of the root node. Another important aspect of ASTParser is
that it supports internationalization and can currently parse code written in English or
Portuguese. Appendix A presents the syntax rules for English of the text-based language
supported by VCAT in the Extended Backus–Naur form (EBNF). Additionally, the list of
all built-in functions and their description can be found at Appendix B.

5.1.2 Code executor & IO packages
The class diagram in Figure 5.3 describes the JavaScript implementation of the packages

CodeExecutor and IO. The diagram in Figure 5.3 shows the classes contained inside the
CodeExecutor package: SemanticAnalyzer, Processor and Store. The SemanticAnalyzer is
capable of performing semantic analysis of the code which checks if all nodes have been
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correctly constructed while also performing type checking. Among the checks performed,
the SemanticAnalyzer can identify if a function that must return a value but are missing a
return command; if the number and types of the parameters passed to a function meets
what is expected by the function; if an expression evaluates to the correct type of the
variable it is being assigned to, be it a atomic variable or an array. If any issue is found,
the SemanticAnalyzer will throw an exception and attempt to inform to the best of its
capability what is wrong and where.

Responsible for code execution, the Processor class is a very important element of VCAT
since dynamic assessment, like output matching, requires code execution to be performed.
The class has dependency with the Input, Output and ASTNode(Figure 5.2) interfaces. The
Input and Output interfaces enables the Processor to perform I/O operations independent
of the environment it is being executed. This enables each visual programming system to
implement the interfaces accounting for their particular needs.

Figure 5.3: Class diagram for the CodeExecutor and IO packages JavaScript implementation
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Also, the Processor is dependent on the Store class which represents the program state.
In VCAT, the program state is a stack of all active scopes of the program where an active
scope is a function being executed. The Store in the bottom of the stack represents the
global scope where all global variables are defined. The function Processor.interpretAST is
responsible for the execution of the program and it returns the final state after complete
execution. It is a non-blocking asynchronous function which is represented in JavaScript
by the type Promise. Since executing any code involves operations that are dependent on
user interactions(I/O) or resource being available in the network or disk, the Processor
had to be designed with that in mind and JavaScript is a very good language to deal with
asynchronicity.

All IO abstractions can be found on the IO package like the interfaces Input and
Output. Notice that the Input interface requestInput function also has Promise in its
return type signature. AS mentioned before, this is inherent of the I/O operations in a
regular computer, and making this synchronous will mean that user browser would just
freeze until an input was feed to the . Also, the IO package ships a class called Console
which implements both Input and Output interfaces. The Console class is a ready-to-use
HTML implementation with a set of functions to allow easy integration to any web page.
It uses HTML, CSS and JavaScript to create the look-and-feel of a regular console where
data input can be request and outputs can be shown.

5.1.3 Assessment package
The Assessment package JavaScript implementation does not differ from the model

design presented in Section 4.3.3 besides the details regarding functions return types and
the Result class as shown in Figure 5.4. The AssessmentRunner class is responsible for
reading the assignment description file and performing the instructed assessment. It uses
an internal mapping of assessment name and their corresponding implementation. An
assessment is added to this mapping by calling the static function registerAssessment. The
function runTest returns a int value representing the final grade for the whole assessment
and is an asynchronous function.

In the JavaScript implementation, VCAT’s OutputMatching class has two internal
private fields with special implementations of the I/O interfaces. These implementation
are used only during dynamic testing and they provide the input in the test case to the
program. Also, the output interface implementation for dynamic testing captures all
outputs generated by the program during execution. The captured output is then used top
verify if it matches with the expected output from the test case. The OutputMatching class
will use all the improvements mentioned on Section 4.3.3 to generated a better feedback to
the student, using its access to the system output interface to present it. Besides performing
the assessment of the code represent by the ASTNode, the function eval will also return a
Result instance wrapped inside a Promise.

The Result class encapsulates the grade of the performed assessment and a JSON object
called evalResult that stores data on the feedback provided. Taking the OutputMatching
class as an example, the object evalResult contains the input used, and generated output
and the expected output along side the diff formatted texts to present to the student.
Additionally, the evalResult can also be used to provide metadata from the assessment to
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Figure 5.4: Class diagram for the Assessment package JavaScript implementation

the AssessmentRunner like runtime. Having presented the implementation details on ,
the next step is to use it to instantiate the model for a visual programming language. The
first instantiation will be for iVProg, followed by an instantiation for a visual programming
language created by the author using Google’s visual language framework Blockly. The
next section will discuss iVProg’s implementation of 𝐹𝑡𝑟𝑎𝑛𝑠 and the steps necessary to
connect its output to VCAT’s .

5.2 Instantiating for iVProg
iVProg is one of the main flagships of the Laboratory of Informatics in Education - LInE

and as such is the main instantiation for VCAT. It is part of a framework developed for
Moodle called iAssign which provides learning modules for different subject like Geometry,
Programming and Mathematics. Given its compatibility with Moodle, iVProg is a visual
programming system developed with the Web in mind. During this research, iVProg and
VCAT development went hand-to-hand even though they are two different software. There
were many features introduced to iVProg that were inspired by VCAT model and vice-
versa. For example, the possibility of using a textual code as an alternative to constructing
the AST tree directly was inspired by iVProg. On the other hand, iVProg’s adoption of
function parameters passing as a reference was influenced by VCAT implementation of
the functionality.

For iVProg visual language each block defined is an element of the icon dictionary
𝐼𝐷. It is important to note that iVProg handling of variables is different from other visual
programming languages like Alice, Scratch and Chentry. In iVProgvariables are not blocks
themselves. Instead, they are incorporated in the blocks, i.e. the read block has a list of
variables that you can read values into. Additionally, all variables in iVProg have a defined
type much like traditional programming languages. Its user interface controls how each
type of block can interact with one another fulling the role of the language grammar 𝐺0.
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Figure 5.5: List of command blocks available in iVProg

Each block has encoded in itself its type and role, and collectively this data produces the
knowledge base 𝐵, where it is possible to map each block to a logical meaning. Figure 5.5
presents the list of available commands in iVProg. A noticeable detail in the figure is that
each block name already hint to their role and logical meaning.

As already presented in Section 2.2.2, iVProg working area is well defined and consists,
by default, of a main function body. The user interface allows students to create new
functions, which can have parameters and their own variables. iVProg also supports
global variables and all basic types supported by VCAT, including vectors and matrices. In
iVProg, 𝐶𝑣𝑖𝑠𝑢𝑎𝑙 is a tree-like structure very similar to an AST, that is stored by the visual
programming system. The advantage of being a tree-like is that the implementation of
𝐹𝑡𝑟𝑎𝑛𝑠 becomes straight forward since it can be implemented as a recursive descent parser
as discussed in next section.

5.2.1 Implementation of 𝐹𝑡𝑟𝑎𝑛𝑠
The 𝐹𝑡𝑟𝑎𝑛𝑠 function for iVProg was implemented as part of its user interface module.

The function 𝐹𝑡𝑟𝑎𝑛𝑠 walks through 𝐶𝑣𝑖𝑠𝑢𝑎𝑙 using a recursive descent parser. It parses 𝐶𝑣𝑖𝑠𝑢𝑎𝑙
in a top-down approach, checking all leaves from the current node before going to its next
sibling. Even though iVProg handles the variable definition in a different way, this does
not interfere in the translation process from 𝐶𝑣𝑖𝑠𝑢𝑎𝑙 to 𝐶𝑡𝑒𝑥𝑡 .

Thus, each node is transformed into its textual representation using the textual language
format since iVProg has a textual mode. As mentioned before, the idea is to use visual
programming language as a bridge to textual programming since this will be the main
form of programming students will face in their professional lives. The visual aspect is to
facilitate students assimilation of the programming concepts and be able to apply them
using a text-based language.
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Program 5.1 Code snippet for iVProg 𝐶𝑡𝑒𝑥𝑡 generation for an assignment block.

1 function assignmentCode (command_obj, indentation) {
2 let ret = "\n";
3 ret += " ".repeat(indentation);
4 ret += variableValueMenuCode(command_obj.variable) // Generate code for

leaf node of Variable type
5 ret += " <- ";
6 ret += elementExpressionCode(command_obj.expression); // Generate code for

leaf node Expression type
7 return ret;
8 }

Program 5.1 presents a part of iVProg 𝐹𝑡𝑟𝑎𝑛𝑠 implementation for the variable assignment
block. Besides the basic textual formatting presented in lines 2 and 3, the code first checks
the leaf node for the variable block contained by the assignment block(line 4). Then, it will
check the inner elements of the assignment command block, starting with the variable.
Although a variable in iVProg is not a block the user can manipulate, it behaves and is
encoded like one.

After calling the function responsible for generating the textual code for the variable in
the command, it then calls the function that will generate the text for the expression in the
assignment command. The elementExpressionCode function will recursively call itself for
each expression element in command_objėxpression until it reaches the atomic elements of
an expression like variable name or constant value. The final product of all these function
calls is the textual code(𝐶𝑡𝑒𝑥𝑡 ) for the assignment block being translated.

Program 5.2 Example code for AST nodes generation for iVProg’s Assignment command.

1 function assignmentASTNode (command_obj) {
2 const variableNode = variableValueASTNode(command_obj.variable);
3 const expressionNode = elementExpressionASTNode(command_obj.expression);
4 const assignmentNode = new vcat.AST.AssingntmentNode(variableNode,

expressionNode);
5 return assignmentNode;
6 }

Program 5.2 shows an example implementation of 𝐹𝑡𝑟𝑎𝑛𝑠 using AST nodes instead of
generating the textual language. The main difference is that the functions now return
ASTNode objects instead of text. The steps are the same: 1) first the node for variable is
generated; 2) then the node representing the expression being assigned to the variable
is created; 3) and last the assignment node is created having the variable and expression
nodes as children. Although the expression node on line 3 is a single object, it can contain
many other expression-type nodes as children, in order to represent complex expressions.
As with Program 5.1, the final result will be a 𝐶𝑡𝑒𝑥𝑡 in AST structure.

Once 𝐶𝑡𝑒𝑥𝑡 is generated, the next step is to input it into . This step is very straight
forward, specially if the only desired functionality is the AAT. SinceiVProg also uses VCAT
as its code executor next section will describe the steps used in iVProg to feed 𝐶𝑡𝑒𝑥𝑡 into
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 for execution and automatic assessment.

5.2.2 Inputting 𝐶𝑡𝑒𝑥𝑡 into 
After 𝐶𝑡𝑒𝑥𝑡 is created from the recursive descent parsing, it is then inputted to VCAT

𝑀 for execution or assessment. Program 5.3 shows a snippet code of how to input 𝐶𝑡𝑒𝑥𝑡
into  be executed. iVProg uses VCAT not only as a source of AAT but also as its main
code executor. For this reason, iVProg does not need to implement code execution since it
can use  instead.

As presented in Section 4.3 and by the class diagram in Figure 5.3, code execution
requires the setup of the I/O channels that must be used by the Processor. iVProg makes
use of the Console class in the IO package(Figure 5.3 as Input and Output interface. Since
iVProg is a complete web application, it has a dedicated area where the Console class can
inject its HTML nodes to mimic the console look-and-feel. As a result, this simplifies the
integration process between iVProg visual programming system and VCAT.

Program 5.3 Code snippet for executing a program using 𝐹𝑡𝑟𝑎𝑛𝑠 and VCAT.

1 const ast = vcat.CodeExecutor.SemanticAnalyser.analyseFromSource(c_text);
2 const proc = new vcat.CodeExecutor.Processor(ast);
3 // vcatConsole is an instance of Console created earlier, it works as both

input and output
4 proc.registerInput(vcatConsole)
5 proc.registerOutput(vcatConsole);
6
7 //Focus the console
8 vcatConsole.focus();
9

10 proc.interpretAST().then((_finalProgramState) => {
11 console.log("Program executed sucessfully");
12 }).catch(console.error);

In Program 5.3, the first line uses 𝐶𝑡𝑒𝑥𝑡 to generate the AST tree but also checks for
semantic issues in the code. In the scenario where 𝐶𝑡𝑒𝑥𝑡 is already in the AST format,
it is possible to go straight to line 2. However, if the semantic check is still desired the
SemanticAnalyser can be instantiated using the constructor presented in Figure 5.3. Then,
a new instance of the Processor class is created, using the generate AST. The final step
before actual execution is to register the input and output channels that will be used
during execution. In this case, an instance of VCAT’s Console is used. The execution of
the code is triggered by calling Processor.interpretAST function which in turn, returns a
Promise<Store>. The variable _finalProgramState is an instance of Store and represents the
final state of the program.

Program 5.4 Code snippet for running automatic assessment in iVProg using VCAT.

1 // assignmentDesc is a JSON object in VCAT’s format
2 const ast = vcat.CodeExecutor.SemanticAnalyser.analyseFromSource(c_text);

cont ⟶
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⟶ cont
3 const assessment = new vcat.Assessment.AssessmentRunner(ast,
4 assignmentDesc, vcatConsole);
5 assessment.runTest(),then((final_grade) => {
6 // The feedback has already been printed by the AssessmentRunner using

vcatConsole
7 // final_grade stores the final grade for the exercise calculated as a

mean of all grades of each test case
8 // The value is in the interval [0, 1], where 1 represents 100\%.
9 // This can be used to register the information on database or other

storage for later use.
10 // The final grade will be presented by default using the output

interface provided
11 console.log(‘Final grade: ${final_grade}‘);
12 }).catch(console.error);

The steps required to perform automatic assessment does not differ much from the
steps to execution. In Program 5.4, it is possible to see that 𝐶𝑡𝑒𝑥𝑡 is also checked for semantic
issues before being passed to the assessment runner. Now, instead of feeding the generated
AST to the Processor class, it used as parameter in the constructor of the AssessmentRunner.
The AssessmentRunner will be the one responsible of providing the AST structure to the
proper assessment method as defined in the assignment description file. The automatic
assessment is trigger by line 5 and when it is done the AssessmentRunner will use the
vcatConsole instance to print the feedback to the student. The Promise returned by the
runTest function, contains the final grade of the assessment which can be however the
instructor see fit like storing it into a database for later retrieval.

Figure 5.6: Output Matching feedback page showing the type-based assessment of the output

Figure 5.6 shows the feedback page for an assignment where the student’s program
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did not produce the correct output. It is possible to see that even though the output was
not correct, the solution was graded with 50% of the grade since the numeric part of the
output was correct. Also, the result column shows that the output is missing the text “area:
” which is highlighted in green.

This described all the steps performed to integrate VCAT to iVProg in order to provide
code execution and code assessment. Although iVProg uses the textual language approach
to implement 𝐹𝑡𝑟𝑎𝑛𝑠 , using the AST node directly is still an alternative. Next section will
discuss the steps required by the special visual programming language developed by the
author using Blockly to demonstrate VCAT generality.

5.3 Instantiating for Blockly
To demonstrate model generality, the author created a visual programming language

using Google´s Blockly. Blockly is a framework for developing visual programming system
that allows the user to create different kind of blocks using XML or JSON format. It already
comes with a user interface that has an area for the blocks defined for the language and
an area for code construction. Blockly user interface is heavily inspire by Scratch´s but
can be slightly changed to provide a different look and feel.

Figure 5.7: User interface for Blockly instantiation

Figure 5.7 shows Blockly user interface for the language of this instantiation. The
figure shows the HTML page created by the author with Blockly inserted to it. Apart from
the two top-left buttons: run and grade it!, everything else is from Blockly. On the left is the
tool box with all the blocks available for the language and on the right of it is the working
area. In the working area the user places and combines blocks to create the algorithm as
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presented in the figure.

Let´s recall the formal definition of a visual language: 𝐿𝑣 = (𝐼𝐷, 𝐺0, 𝐵)(Section 2.2.1).
Here we have that each block defined is an element of 𝐼𝐷. Also, when creating a new block
using Blockly, the user needs to define how this new blocks interacts with the existing
blocks which fulfils 𝐺0 requirement. The creation process also populates the knowledge
base 𝐵, since the framework requires the user to add each block to a category that maps to
a logical meaning, i.e flow control, loop, variable, expression, etc.

For simplicity, the language implemented for this instantiation had support to only a
numeric data type which can represent integer and float-pointing numbers. To fulfill the
requirements of a general purpose language, blocks for flow control, loop, variable defini-
tion and I/O functions were also added. The language also had support for arithmetic and
logical expressions where the logical expression could use equality and logical operators
(and, or and negation).

5.3.1 Implementing 𝐹𝑡𝑟𝑎𝑛𝑠
The Blockly framework comes with a Generator class that fits perfectly the purpose of

𝐹𝑡𝑟𝑎𝑛𝑠. This class is designed to allow the translation of the blocks created to any desired
structure or textual language. Thus, the Blockly Generator was used to translate the blocks
to the textual language used by VCAT. For that, the Generator class behaves as a dictionary
where the user associate one kind of block to a function responsible for generating textual
code given the logical meaning of that block.

As mentioned in last section, the visual language created has a numeric type to represent
all integers and floating-points numbers. This is relevant because VCAT AST requires a
type to be provided to all variables. This is because in order for the SemanticAnalyser to
properly check the AST structure, the type information is crucial to assert that the code is
semantically correct. In the event that the visual language needs to provide a polymorphic
type that can represent all types in one(numbers, strings, characters, etc.), it would be
required to implement a new library responsible for reading and writing this new type.
VCAT internal type system is advanced enough that it already provides internal support
for polymorphic types making it easier for such changes. Although the support is already
present, its usage is limited to special inner functions cases.

Program 5.5 Code snippet of 𝐹𝑡𝑟𝑎𝑛𝑠 implementation for the visual language created using
Blockly.

1 CODE_GENERATOR[’variables_set’] = function(block) {
2 // Variable assignment
3 const varName = CODE_GENERATOR.nameDB_.getName(block.getFieldValue("VAR"),

Blockly.Names.NameType.VARIABLE);
4 const argument0 = CODE_GENERATOR.valueToCode(
5 block, ’VALUE’, CODE_GENERATOR.NONE) || ’0’;
6 return varName + ’ <- ’ + argument0 + ’\n’;
7 };

Thus, the step of translating 𝐶𝑣𝑖𝑠𝑢𝑎𝑙 into 𝐶𝑡𝑒𝑥𝑡 in this case is a matter of walking through
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the blocks present in the working area and producing their respective textual code. This
is done every time the user clicks on the run or grade it!. Program 5.5 shows a snippet
of the code generation for the variable assignment block. The implementation is very
similar to iVProg’s in Program 5.1. The CODE_GENERATOR variable is an instance of
Blocky Generator class and it behaves as a dictionary where the keys are elements of 𝐼𝐷
and are mapped to the functions responsible for generating the final code. The Blockly
implementation of 𝐹𝑡𝑟𝑎𝑛𝑠 also use the textual language as the format for 𝐶𝑡𝑒𝑥𝑡 since it is must
faster to implement and the creationg of the AST nodes can be delegated to VCAT.

One of the main differences between this implementation and iVProg’s is that in the
language created with Blockly, the variables are blocks themselves. And as such, to access
the variables names the framework provides a name database that can be used to access
the name of all variables. This is required because inside the blocks the framework does
not store the actual name of the variable, but an id hash instead. Additionally, instead of
calling a particular function for expression code generation, line 4 calls a function defined
by the framework itself to generate code for expressions which are referred to as values.
Behind the scenes, the function valueToCode will call the appropriate functions in order to
generate the code.

Now that 𝐹𝑡𝑟𝑎𝑛𝑠 is implemented and can generate 𝐶𝑡𝑒𝑥𝑡 , the next step is to input 𝐶𝑡𝑒𝑥𝑡
into . As iVProg, this visual language will use VCAT’s  for both execution and
automatic assessment. Next section will present the implementation steps employed to
integrate  to the Blockly framework.

5.3.2 Inputting 𝐶𝑡𝑒𝑥𝑡 into 
Much like iVProg, the implementation for code execution follows the same steps. After

generating 𝐶𝑡𝑒𝑥𝑡 , the SemanticAnalyzer is used to create the AST code structure. Then, a
instance of the Processor class is created using the AST code and the desired I/O interfaces.
Program ?? shows part of the implementation for code execution. First step is to generate
𝐶𝑡𝑒𝑥𝑡 by calling translate(), a function created to call CODE_GENERATOR.blockToCode
function. From line 2 on wards the lines are the same in the iVProg implementation.

Program 5.6 Code snippet for executing a program using 𝐹𝑡𝑟𝑎𝑛𝑠 and VCAT.

1 const c_text = translate();
2 const ast = vcat.CodeExecutor.SemanticAnalyser.analyseFromSource(c_text);
3 const proc = new vcat.CodeExecutor.Processor(ast);
4 // vcatConsole is an instance of Console created earlier, it works as both

input and output
5 proc.registerInput(vcatConsole)
6 proc.registerOutput(vcatConsole);
7 vcatConsole.focus();
8
9 proc.interpretAST().then((_finalProgramState) => {

10 console.log("Program executed sucessfully");
11 }).catch(console.error);

It is also possible to note in Program 5.7 that to use the automatic assessment, the
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steps are also the same from iVProg. Here, the snippet also includes the parsing of the
assignment description file on line 4. Given the that the assignment description is a text
file, one can use the JSON native JavaScript library to convert the text into a JSON object.
In this instantiation, a button named grade it!(Figure 5.7) was created to run VCAT AAT.
The button executes the code present in Listing 5.7 and shows the feedback and final
grade in the console and also in a alert window. In the next chapter the application of the
proposed solutions which represents the final part of this three part design.

Program 5.7 Code snippet for performing automatic assessment for Blockly-based visual
language.

1 const c_text = translate();
2 const ast = vcat.SemanticAnalyser.analyseFromSource(c_text);
3 // vcatConsole is an instance of Console created earlier, it works as both

input and output
4 const assignmentDescription = JSON.parse(/*this should be the JSON file

contents*/);
5 const assessment = new vcat.Assessment.AssessmentRunner(ast,
6 assignmentDescription, vcatConsole);
7 assessment.runTest().then((final_grade) => {
8 alert(‘You grade: ${final_grade}‘);
9 }).catch(console.error);
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Chapter 6

VCAT Evaluation

Section 5.3 last chapter described the necessary steps for a given visual programming
language to instantiate VCAT. The instantiation process was executed for two different vi-
sual programming languages: iVProg and a language designed with the Blockly framework.
This demonstrates that the proposed model is general enough to work with different visual
programming languages. This chapter will present the application of the solution through
an experiment developed to evaluate if the changes in VCAT’s output matching algorithms
in comparison to output matching traditional implementations actually improved the
feedback provided. The analysis is done using a questionnaire answered by the students
and a quantitative analysis using students grades in iVProg and VPL exercises.

6.1 Experiment
The experiment was conducted with students from an introductory programming

course in the summer program at the Institute of Mathematics and Statistics (IME-USP).
The summer program at IME-USP is run every year from January to February, and it
offers a range of courses including introductory programming courses. The classes were
conducted not conducted by the author, but he was part of the support group for the whole
course with some interactions with the students answering questions on programming
logic. A total of 104 students were divided into two classes, one in the morning and another
in the evening from January 4th to February 26th. The course in general had a load of 60
hours with lectures from Monday to Friday, where one day of the week was dedicated
to help students with their doubts by a teaching assistant. The morning the classes went
from 08:00 to 10:00 and the night classes from 19:00 to 21:00. The morning class was
compromised of 37 students while the night class had 67 students enrolled. Also, both
classes were lectured by the same teacher and the teaching assistant was also the same
for both. The course structure was the same as previous editions where the following
topics are discussed: basic computer architecture, input & output command, expressions,
conditional commands, loops, functions, vectors and matrices.

For each subject exercises using both tools, iVProg and VPLwere created. In the be-
ginning, the exercises were equally distributed between iVProg and VPL, and gradually
had the proportion of VPL exercises increased until they were the only ones. This change
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happened every time a new subject was introduced and was also part of past editions. Thus,
the only intervention done in the course was the use of iVProg with VCAT instantiated,
everything else went as it would have in previous editions. It is important to note that all
classes were delivered online via Moodle and the BigBlueButton virtual class room as a
result of the Covid-19 pandemic.

During the first 4 weeks of the course, the students were introduced to iVProg and
then to an AAT plug-in for Moodle called Virtual Programming Lab (VPL). Right after
this 4 week period, the students had to answer a questionnaire designed to assess if the
developed artifact and its improvements successfully achieved the desired goals regarding
AAT improvements.The answers were all voluntary and the students were informed about
the nature of the research and the contributions it could produce. The questionnaire pages
inside the Moodle course also contained the terms of how the data collected would be
used and that they could withdraw their consent at any time. From the 104 students who
were participating in the introductory course, a total of 57 effectively answered both
questionnaires, one for each tool used. Out of this total, 36 students were from the evening
class and 21 from the morning class. The next section will present the questions used to
evaluate the artifact and their motivation.

6.2 Questionnaire
The questionnaire was composed of 8 questions each intended to collect data regarding

the tools being used, iVProg or VPL, and how the students perceived the quality of the
feedback provided. It was inspired by Savi et al. (2011) evaluation model for educational
games. In their model, Savi et al. (2011) proposed a set of 27 questions designed to assess
students’ motivation, user experience and learning. Although iVProg and VPLare not
educational games they are still educational software developed with a view of aiding the
teaching-learning process.

Thus, the questionnaire applied in this research used Savi et al. (2011) original proposal
as a starting point. New questions were devised regarding user experience of the tools
and how it affected the learning process. Additionally, questions on the students’ trust
in the automatic assessment were also included, along with questions on short term
learning. Table 6.1 presents the questions, translated to English, used to evaluate iVProg
and VPL.

It is important to emphasize that the questions had their text adapted accordingly
when used to evaluate VPL. Also, there was an discursive question related to Q1 where
the students were ask to give more context to the answer they gave. This was motivated
from past experiences where students would assess the tool not based on the tool itself,
but by associating it to the topics being learned with the tool, in this case algorithms and
programming.

Each question was answered using a five points Likert-like scale as proposed by
the original model (Savi et al., 2011). Each answer was assigned a value ranging from
−2 to 2 where a negative value does not inherently mean a negative answer and vice-
versa. The resulting score was calculated by averaging each question’s answers. Thus, the
interpretation is directly related to the answer format: the closer a question average is to 2
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Question Text Purpose

Q1
The tool iVProg for the construction and execution
of algorithms using blocks was easy to understand.

Ease of usage

Q2
In the exercises that the automatic assessment tool
detected an error, how do you classify the utility of
this functionality?

AAT feedback quality

Q3 It was easy to start using iVProg as a study tool. Usage of the tool as a study aid

Q4
While solving exercises using iVProg I felt confident
that I was learning.

Confidence in the tool as a learning aid

Q5
How do you classify the difficulty level of the exer-
cises in the current block?

Perceived difficulty

Q6
Using iVProg to solve exercises made it difficult or
easy ?

Tool effect on the perceived difficulty

Q7
I had positive feelings of efficiency while solving
exercises using iVProg.

Tool effect on perceived efficiency

Q8
In your perception, how much do you believe iVProg
with automatic assessment contributed to your al-
gorithm learning?

Short term learning

Table 6.1: English translated version of the questionnaire used to assess iVProg and its AAT

the better it was evaluated by the students (Savi et al., 2011). Moreover, the questionnaire
format also allowed for a comparison of how the students perceived different aspects in
the tools iVProg and VPL. Next section will present the results of the assessment of both
tools and also a breakdown of each question comparing how each tool of evaluated by the
students.

6.2.1 Results
After aggregating the data from both classes, the average for the answers for each tool

was calculated as it is shown in Figure 6.1. As displayed in the figure, both tools were
positively evaluated, with some question reaching an average around 1.5.

Starting with Q1, it is possible to see that both tools were evaluated almost identically
regarding the ease of usage, with VPL getting a slightly higher score. In Table 6.2, its
is possible to see the distribution of each score for Q1 for both tools. On the comments
provided, the general sentiment was that both tools were intuitive. However, some students
felt that they needed some initial guidance to properly use iVProgwhich aligns with the
data shown in Table 6.2.

When evaluating the quality of AAT feedback (Q2), iVProg got a higher score than
VPL, with the difference being above 0.30. Looking at the answers distribution, it shows
that more than 70% of the students thought the AAT feedback from iVProg was really
good against ≈ 57% from VPL. Regarding the usage of the tools as a study aid (Q3), both
were similarly evaluated with iVProg receiving a slightly higher score. On Q4, the students
were asked to assess how confident they felt they were learning when using the tools.
Both tools scored higher than 1.5 but VPL got a higher score even though the difference is
not so big (≈ 0.19). Looking at the values in Table 6.2, we can see that more than 80% of
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Figure 6.1: iVProg and VPL scores comparison

Question -2 -1 0 1 2
Q1 3.5% — 1.8% 1.8% — 0% 8.8% — 10.5% 43.9% — 38.6% 42.1% — 49.1%
Q2 0% — 0% 5.3% — 10.5% 5.3% — 12.3% 15.8% — 19.3% 73.7% — 57.9%
Q3 0% — 1.8% 5.3% — 5.3% 5.3% — 5.3% 24.6% — 31.6% 64.9% — 56.1%
Q4 0% — 0% 3.5% — 1.8% 5.3% — 5.3% 24.6% — 10.5% 66.7% — 82.5%
Q5 7% — 17.5% 21.1% — 33.3% 38.6% — 22.8% 28.1% — 22.8% 5.3% — 3.5%
Q6 0% — 0% 3.5% — 3.5% 12.3% — 12.3% 36.8% — 29.8% 47.4% — 54.4%
Q7 1.8% — 0% 5.3% — 0% 14% — 8.8% 15.8% — 12.3% 63.2% — 78.9%
Q8 0% — 0% 0% — 1.8% 12.3% — 3.5% 19.3% — 14% 68.4% — 80.7%

Table 6.2: Occurrence table for the percentage of answers’ scores for the tools iVProg — VPL given by
the 57 students

the students felt very confident using VPL to solve the exercises.

The only question to score lower than 1 was Q5, regarding the perceived difficulty of
the exercises of the period for the given tool. For this question a −2 implies that the student
found the exercise very difficult, while a 2 implies very easy. Even though the exercises
were designed with similar difficulty in mind, students considered iVProg exercises to be
more neutral. VPL on the other hand was considered slightly difficult with an average score
of ≈ −0.4. Additionally, when examining the perceived difficulty of the exercises taking the
tool used to solve them into consideration (Q6), the students’ answers suggests that the
tools did not affect them negatively. The data suggests that most students perceived that
the tools actually aided them to solve the exercises. Both iVProg and VPL scored similarly
with a negligible difference. In VPL’s case, more than 50% of the students considered that
the tool made it very easy to solve the exercises.

On Q7, the students were asked about how efficient they felt when using the tools
to solve the exercises. In general both tools scored well. Nonetheless, VPL score was



6.3 | EXERCISES’ GRADES ANALYSIS

59

higher than iVProg with a difference around ≈ 0.36. Also, around 78% of the students
classified VPL as the tool the felt most efficient using. The last question was about long
term learning of algorithms and how the students felt the tool used helped them achieve
that. Once again the tools scored really well, with VPL getting a slightly higher score.
Additionally, approximately 80% of the students thought the using VPL contributed a lot
to their algorithm learning. The next chapter brings some discussions on the results found
and some other insights gathered from the data collected.

6.3 Exercises’ grades analysis
In order to gauge the effects of the improvements of the output matching feedback

in VCAT and also the use of visual programming languages with automatic assessment
from a quantitative perspective, the author decided to analyse the grades students scored
in iVProg and VPL exercises. The exercises chosen for this analysis were the ones that
coincided with the week the students answered the questionnaire. Since there was no
limitations on the number of submissions a student could make until he got the max grade
for a given exercise, some treatment of the final grade was needed to take into account how
long it took to the student to get that score. The following formula was used to compute
the final grade (𝐺𝑓 𝑖𝑛𝑎𝑙) from the students original grade:

𝐺𝑓 𝑖𝑛𝑎𝑙 = 𝑔𝑟𝑎𝑑𝑒 ∗ (1 −
1
Δ𝑇

) (6.1)

where 𝑔𝑟𝑎𝑑𝑒 is the students grade for the exercise, and Δ𝑇 is defined as the difference
between the students’ recorded timestamps for last and initial interaction of the tool in
minutes (L. d. Souza et al., 2021). It is important to note that Δ𝑇 is strictly higher than
1. Δ𝑇 represents the amount of time of tool usage the student had until he solved the
problem.

The dataset consisted of 9 exercises from VPL, they were the exact same for both
classes. In iVProg’s case, 11 exercises were included from the morning class while the
evening class had only 9 included. It is important to note that only the data for the students
who answered both questionnaires and had submissions on all exercises were processed.
The total of students from both classes who met the criteria was 16. Once the dataset was
defined, it is was pre-processed following the same steps presented in L. d. Souza et al.,
2021 to make sure all timestamps and grades were aligned.

At first, a visual analysis was performed on the data to check the value distribution as
shown in Figure 6.2. The box plots shows that iVProg’s scores were more concentrated
on the middle with some variance on the extremes(Figure 6.2a), with a minimum value
above 0.5 and maximum ≈ 1.0. On the other hand, VPL had a bigger spread of scores with
some small variance on the extremes, specially towards the lower whisker(Figure 6.2b).
The lowest value was slightly above 0.2 and the highest close to 0.9. Comparing the mean
values between the two box plots, it is noticeable that iVProg’s has a higher mean value
compared the VPL. In fact, iVProg’s scores in general are much higher than VPL.

To confirm that the behavior seen in the box plots were not a random event, the
non-parametric Wilcoxon signed-rank test was performed in the data. The test was chosen
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(a) Box plot for iVProg’s 𝐺𝑓 𝑖𝑛𝑎𝑙 scores (b) Box plot for VPL’s 𝐺𝑓 𝑖𝑛𝑎𝑙𝑠𝑐𝑜𝑟𝑒𝑠

Figure 6.2: Box plots for both tools 𝐺𝑓 𝑖𝑛𝑎𝑙 scores to compare the values distribution shape

since the data is not normally distributed and both samples came from the same population.
For this test, the following hypothesis were defined:

• 𝐻0: “iVProg’s 𝐺𝑓 𝑖𝑛𝑎𝑙 grades are less than VPL’s”(null hypothesis).

• 𝐻1: “iVProg’s 𝐺𝑓 𝑖𝑛𝑎𝑙 is greater than VPL’s” (alternative hypothesis);

The test result produced a statistic of 123.0 with 𝑝-value = 0.00135. Therefore, it is possible
to reject 𝐻0 since there is a probability of ≈ 0.002 for the results seen to be the product of
random chance. So, it can be concluded that there is a statistically significant difference
between iVProg’s and VPL’s 𝐺𝑓 𝑖𝑛𝑎𝑙 where iVProg’s grades are higher.

Taking into consideration that Equation 6.1 encodes in 𝐺𝑓 𝑖𝑛𝑎𝑙 the time spent in the
tool, the results show that students were able to solve the exercises much faster using
iVProg when compared to VPL. This indicates that solving exercise using iVProg was
less complicated than solving them with VPL. The discussions on these results will be
presented on next chapter.
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Discussions

This chapter discusses the data collected during the application of VCAT. It starts with
the analysis of the questionnaire answers followed by the analysis of the quantitative data
of the grades comparisons. The data shows that the research objectives were achieved
and provides some interesting insights on students perceptions of visual programming
compared to traditional text programming.

7.1 Questionnaire answers
By analyzing the data presented in Figure 6.1, it is possible to conclude that one of the

main objectives of this research has been achieved. The students felt that the feedback
provided by iVProg was much better to inform them of the issues in the code when
compared with VPL.

(a) Occurrence graph for Q2 answers for iVProg (b) Occurrence graph for Q2 answers for VPL

Figure 7.1: Occurrence graph for Q2 regarding AAT capabilities of iVProg and VPL from very useless(-
2) to very useful(2)

Figure 7.1 presents the distribution of each score for the question between both tools.
It is relevant to note that VPL uses by default output matching dynamic assessment as
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an AAT strategy. Having more than 70% (Figure 7.1a) of the answers scoring 2 for iVProg
indicates that the improvements in the output matching algorithm and feedback provided
in iVProg achieved the goal of being more helpful and clear when compared to VPL.
Specially when the inspiration for the proposed improvements came from past experience
with regular students using VPL and their complaints.

Although VPL was also well rated (Figure 7.1b), it received more neutral and negative
score when compared to iVProg. The author attributes this to the known problems of output
matching assessment (Ala-Mutka, 2005; Ihantola et al., 2010; C. K. Poon et al., 2016),
notably with the difficulty some of the summer course students reported on understanding
the feedback provided by VPL. The main complaint the students had were that VPL errors
message were not clear enough.

In the literature, this is issue is usually related to the fact that a number of programming
languages used in some courses, in this case C, provides error messages not beginner
friendly (Sykes, 2007; Meerbaum-Salant et al., 2010). VCAT had, on the other hand,
improved how the output matching result is presented to the students and how it is
evaluated, as described in Chapter 4. Moreover, it also attempted to provide more helpful
error messages that could point the student towards the source of the problem.

When asked about how easy it was to use each tool(Q1), the students considered both
easy enough to use. In this aspect, VPL scored slightly higher, which the author considers
an expected outcome. Even though, students have commented that both tools are quite
easy to use, VPL has a very clean user interface since one of its main points is to behave
like a basic text editor where students can code.

(a) Occurrence graph for Q2 answers for iVProg (b) Occurrence graph for Q2 answers for VPL

Figure 7.2: Occurrence graph for Q1 on iVProg and VPL ease of usage from very hard(-2) to very
easy(2)

Figure 7.2 displays how students scored each tool for Q1. Both tools had some negative
feedback given, however the positives were much higher. VPL was considered very easy
to use by almost 50% of the students while on iVProg’s case it they were divided between
an easy and very easy evaluation. By its own purpose, iVProg is a different kind of tool
with much richer user interface and different kinds of interactions when compared to
VPL. As a consequence,this require students to take some time to get used to. Students’
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comments shows that they could use iVProg much better after the teacher gave them a
basic introduction. This experience regarding iVProg was also reported in a prior study
regarding the best interface style for the tool (Félix et al., 2019). By analysing interaction
logs and heat maps from students clicks confronted with data collected using NASA-TLX
usability questionnaire. The authors were able to identify some bottlenecks in the interface
and propose improvements. Although some improvements were made since then, their
effects and impacts on user experience have not been validated yet.

Additionally, there is a matter of programming language used. Although visual program-
ming can potentially facilitate the learning process of programming concepts (Sáez-López
et al., 2016; Sykes, 2007), coding with text is also regarded as more convenient once you
learned the basics (Brandao et al., 2012; Booth and Stumpf, 2013). This convenience
can help explain the likelihood of students considering VPL much easier to use, specially
taking into account that they enrolled in a C programming course.

Also, due to how the course was organized the exercises from iVProg were always
presented first and VPL second. This was not intentional but it led to students solving
iVProg exercises first and then VPL. However, the results are aligned with other researches
regarding the effect of visual programming languages on students learning, specially when
visual programming comes first (Brandao et al., 2012; Meerbaum-Salant et al., 2010;
Sykes, 2007).

(a) Occurrence graph for Q3 answers for iVProg (b) Occurrence graph for Q3 answers for VPL

Figure 7.3: Occurrence graph for Q3 on iVProg and VPL usage as a study tool from very hard to use
(-2) to very easy(2)

Another positive effect of visual programming can be seen on the results related to
how easy it was to use the tools as a study aid (Q3). iVProg got mostly positive results as
shown in Figure 7.3a and averaged close to 1.5, slightly higher than VPL. As mentioned
before, the literature already reports on the effects of using visual programming as a tool to
ease programming learning (Meerbaum-Salant et al., 2010; Boshernitsan and Downes,
1997) which can explain the results see in Figure 7.3 . This benefit is also reinforced when
most approaches of developing CT uses programming and visual programming (Hsu et al.,
2018). Even though there is no other data that could corroborate the assumptions, past
experiences in the classroom suggest that the students sometimes use iVProg as a sort
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of playground, where they can try their ideas. During the summer course, iVProg and
VPL exercises were similar by design to enhance the use visual programming as a study
tool.

VPLscores does not come as a surprise. Considering that the course aimed to teach
programming using C language, it is natural that the students would feel that VPL was
also very suitable for studying. Besides being able to write C code through VPL, they were
also able to use the AAT and get feedback on their solutions. As a consequence, the author
attributes the lower scores seen in Figure 7.3b to the difficulties students usually report
on understanding the feedback provided by VPL.

(a) Occurrence graph for Q4 answers for iVProg (b) Occurrence graph for Q4 answers for VPL

Figure 7.4: Occurrence graph for Q4 on if they felt confident when using iVProg and VPLfrom totally
disagree(-2) to totally agree(2)

The tools assessment from the students perspective on how confident they felt while
using them (Q4) show that both scored really well. The majority of students felt very
confident when using any of the tools with average score above 1.5. However, VPL got a
“very confident” score from more than 80% of the students. As discussed in Q3, the author
associate the scores presented in Figure 7.4 with the fact that this course was aimed at
the C language. By using VPL, the students most likely felt that they were learning more
when compared to iVProg.

Figure 7.5 shows how each tool scored regarding the perceived difficulty of the pro-
gramming exercises solved using them (Q5). For around 38% of the students perceived the
programming exercises when using iVProg to be of adequate difficulty. This is significantly
higher to the 22% achieved by VPL even though the exercises were purposely similar,
sometimes the exact same. This perception again can be associated with the findings
of other investigations regarding the ease of use of visual programming languages for
beginners (Sykes, 2007; Meerbaum-Salant et al., 2010).

VPL scores of around 50% of the students perceiving the exercises in the tool to be more
difficult than their iVProg counterparts also aligns with the findings from other researchers
like Gomes and Mendes, 2007 and Vainio and Sajaniemi, 2007. As the literature suggest,
the use of commercial languages i.e C and Java can pose barriers to beginners especially
when dealing with error messages and the complex syntax. The scores present in Figure
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(a) Occurrence graph for Q5 answers for iVProg (b) Occurrence graph for Q5 answers for VPL

Figure 7.5: Occurrence graph for Q5 on the students perception of exercise difficulty when using
iVProg and VPL from very challenging(-2) to very easy(2)

7.5b can also be related to the scores presented in Figure 7.1b on the AAT capabilities of
VPL. Since some students felt that the feedback provided by VPLś AAT was not as helpful
as iVProgś, this could have some impact on their perceived difficulty of the exercises when
errors occurred.

(a) Occurrence graph for Q6 answers for iVProg (b) Occurrence graph for Q6 answers for VPL

Figure 7.6: Occurrence graph for Q6 on effects of each tool over the students perception of exercise
difficulty from much harder(-2) to much easier(2).

While Q5 aimed to assess the perceived difficulty of the exercise offered through each
tool, Q6 on the other hand attempted to assess the effect of the tools themselves on this
perceived difficulty. Figure 7.6 presents how each tool scored regarding their effect on
perceived difficulty.] Curiously, even though the majority of students said the exercise
difficulty was appropriate, not being too difficult nor too easy, they felt that the tools
actually helped make the exercises easier to solve. In general, VPL score slightly higher
than iVProg in this regard, having more than 50% of the respondents suggesting that it
made solving the exercises much easier against around 47% from iVProg.
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The author associate the fact that VPL had more ´´much easier” scores to the expected
transition from visual programming environment to textual coding. Even though the
exercises presented in iVProg were considered more balanced in Q5(Figure 7.5) when
compared to VPL, the more the students became familiar with developing algorithms the
more comfortable they became with textual code. The results from Q2(Figure 7.1) on ease
of usage also suggests that a greater level of comfort with textual code could be a potential
explanation for the results. The next question to be discussed can also be linked to this
effect of the tool on the perceived difficulty.

(a) Occurrence graph for Q7 answers for iVProg (b) Occurrence graph for Q7 answers for VPL

Figure 7.7: Occurrence graph for Q7 on if the students felt efficient while using iVProg and VPL from
totally disagree(-2) to completely agree(2).

In Figure 7.7, it is possible to notice that the majority of the students felt efficient while
using both tools. However, almost 80% of the students agreed that using VPL made them
feel more efficient. This can be linked to the results presented for Q6 above and also to the
already mentioned fact that the course was aimed to teach C language. The fact that most
respondents also solved the exercises in iVProg first to then attempt to solve them in VPL,
since iVProgś exercises always came first in the page, also shows the potential benefits of
visual programming languages. Having already solved comparable exercises that requires
a similar line of thought may have contributed to the perceived higher efficiency felt while
using VPL.

Figure 7.8 presents the occurrence graph for the students answer for Q8. More than
50% of the students agree that the tools used contributed significantly for their algorithm
learning. The algorithm learning from VPL was significant for 80% students against around
68% from iVProg. As with the last three discussed questions, Q8 also indicates the potential
influence of the usage of visual programming systems before solving problems using a
textual language.

This indicates the potential of employing visual programming as a step in conventional
text-based programming courses as reported by other researches like Booth and Stumpf,
2013; Brandao et al., 2012. Both system had an average score for Q8 above 1.5 showing that
the students perceived that they contributed in some way for their algorithm learning. This
is can also be a result of the already mentioned circumstances of the order of the exercises
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(a) Occurrence graph for Q8 answers for iVProg (b) Occurrence graph for Q8 answers for VPL

Figure 7.8: Occurrence graph for Q8 on the students perception the contribution of the tools(iVProg &
VPL) for algorithm learning from not contributed at all (-2) to contributed significantly (2).

being iVProg first then VPL, and the fact that the students enrolled in a C programming
course, thus influencing their perception of what means to learn algorithm.

7.2 iVProg and VPL grade analysis
The 𝐺𝑓 𝑖𝑛𝑎𝑙 data for iVProg and VPL presented in Figure 6.2 is well aligned with similar

studies in the literature. The data is aligned with other studies findings on ease of usage of
visual programming language when compared to traditional text languages (Sáez-López
et al., 2016; Meerbaum-Salant et al., 2010; Brandao et al., 2012). Additionally, the results
can also be related to the reported difficulties with syntax which are common on textual
languages (Gomes and Mendes, 2007). However, the main insight provided by the data,
given the nature of this research, is that the improvements of the feedback speaks to other
results on the questionnaire. It aligns with the insights provided by the answers for Q2,
showing that the improved feedback has positively impacted on students ability to solve
the exercises faster. 𝐺𝑓 𝑖𝑛𝑎𝑙 data also provides more context to the answers provided for Q5
regarding the perceived difficulty of the exercises where most students felt that solving
them in VPL was harder when compared to iVProg. It indicates that this perceived easiness
could be related to the speed which they could solve the problems.

Nonetheless, it contrasts with answers for Q7 where the majority of the students felt
they were more efficient using VPLin comparison with VPL. Again, the need to write code
directly in text could also explain this perception since typing an algorithm can take more
time than visually building it, affecting the whole perception. And as pointed out before,
the fact that they were enrolled in a C programming course could also have affected the
answers to this question given that their main purpose would be to program in C language.
The same analysis can be applied to answers of Q6, although the difference between both
tools are not that expressive in this case.
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Chapter 8

Conclusions

This chapter will present a condensed view of the results and objectives of this research.
Like the better perception of the students for the feedback provided and how easier it was
to solve the problem using a visual language. Also, potential future works pathways are
also presented like improving the semantic analyser feedback and implementing a code
debugger in VCAT. Moreover, the possibility of adding an artificial intelligence with a
large language model to better communicate with the students is also discussed.

8.1 Final considerations

This research presents an automatic assessment model for visual programming system
called VCAT which allows visual programming languages to use automatic assessment
methods to evaluate students code. Besides that, VCAT also has improved the process
and feedback for the output matching algorithm, dealing better with numeric and textual
outputs. Another improvement is that VCAT’s implementation uses color coded outputs
to the student can better identify what is wrong in the output produced by his solution
and can easily tackle the source of the problem.

The model was instantiated for two different visual programming languages showing
that it is general. Although it has some limitation regarding variables types and I/O
options, it is extensible and can be modified to support new functionalities. The experiment
developed to evaluate the model and the improvements in the feedback shows that the
research objectives were achieved. When comparing iVProg’s output matching solution
to the traditional implementation in VPL, the students perceived iVProg’s feedback to be
much better in helping them solve the problem.

The data collected also shows that by using visual programming languages, beginners
can solve algorithmic problems much easier in comparison to traditional text languages as
already reported in the literature (Brandao et al., 2012; Meerbaum-Salant et al., 2010).
Also, the data suggests that visual languages can also ease students learning of text-based
languages.
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8.2 Future work
First, a better and large experiment should be designed to confirm the finding in

this research and better assess the effects of the tools themselves in students perceived
efficiency. Another relevant improvement is in the feedback of the semantic analyser
and of the text-to-ast parser in VCAT. The better we inform students of issues in their
code and the whys behind it, the better they can learn and improve. Also, the literature
reports that helping students visualize code execution is a very effective tool in helping
them learning(Gomes and Mendes, 2007). Thus, implementing a debugger integrated in
VCAT is a good addition since this would be available to all languages that instantiate the
model.

Another interesting addition would be to experiment on integrating a artificial intelli-
gence with a large language model that is capable of better explaining the errors found
during code execution. It would behave as intelligent tutor that can communicate clearly
and use students historical data in the tool to better support their learning.
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Appendix A

Syntax rules for VCAT textual
language presented using EBNF
language

This appendix contains the syntax rules for the textual language recognized by VCAT’s
. The rules are presented using the metasyntax language Extend Backus-Naur Form
(EBNF), widely used to describe programming language syntax.
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Appendix B

List of the built-in functions
available in VCAT

This appendix presents the list of all built-in functions already available in VCAT
organizer by library. Note that the names provided here are the ones available in the
English language. In total there are 5 libraries: Conversion, Mathematics, Text, IO and
Array. With the exception of the Mathematics library, all functions available in the others
libraries can be used in the textual language by only using their names followed by the
parameters. For instance, to use the read function in the IO library, all that is need is to
write read(var).

However, the Mathematics library requires that you prefix the function call with the
library name: Mathematics.abs(-1). This method of calling the built-in functions can also
be used for the other libraries(IO.read(var)) but it is not mandatory. It is important to note
that VCAT allows the students to name their functions with the same name as the built-in
functions, this is by design. By prefixing the built-in function with its library name, you
avoid potential name conflicts. The following sections will present the libraries and their
functions.

B.1 Conversion

The Conversion library contains the all functions responsible for type conversion as
well as functions responsible for checking if a given string can be converted to a specific
type. All functions inside the Conversion library can be used without prefixing them
with Conversion. Table B.1 lists all the functions names with the parameter type and their
description.

B.2 Mathematics

As its name suggests the Mathematics library contains basics mathematical functions
like: abs, cos, sin and rnd. The functions in this library can only be accessed by prefixing
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Name Description
isReal(val: string) Returns true if the string can be converted to a

floating-point value.
isInt(val: string) Returns true if the string can be converted to an

integer value.
isBool(val: string) Returns true if the string can be converted to a

boolean value
castReal(val: string|int) Converts the string or int value into a floating-point

value.
castInt(val:
string|real|char)

Converts the string or real value into an interger. In
case of char value, it is converted to corresponding
integer value according to the ASCII table.

castBool(val: string) Converts the string value into a boolean value if the
string represents a boolean value (true or false),

castString(val:
int|real|char|bool)

Converts the value provided into its textual repre-
sentation.

castChar(val: int) Converts the int provided into the corresponding
character in the ASCII table.

Table B.1: Built-in functions available in the Conversion library

their names with Mathematics.. Table B.2 presents all functions available in the Mathematics
library.

B.3 Text
The Text library stores all functions related to string and characters manipulation. The

functions in this library are presented in Table B.3 and does not require the usage of the
prefix Text.

B.4 IO
Inside the IO library resides the two very important functions that allows users and

 to interact with each other. The read function allows  to request the user to input
values to the program being executed. On the other hand, the write functions allows
 to communicate to the user data generated by the program, see Table B.4 for more
information.
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Name Description
sin(angle: real|int) Calculates the sine of the angle in degrees repre-

sented by the numeric value provided.
cos(angle: real|int) Calculates the cosine of the angle in degrees repre-

sented by the numeric value provided.
tan(angle: real|int) Calculates the tangent of the angle in degrees repre-

sented by the numeric value provided.
sqrt(val: real|int) Calculates the square root of the numeric value pro-

vided. It will stop execution if the value is negative.
pow(x: real|int, y: real|int) Calculates x to the power of y where x and y are

numeric values.
log(val: real|int) Calculates the log10 of the numeric value provided.

If the value is negative, the function stops execution.
abs(val: real|int) Returns the absolute value of the numeric input pro-

vided.
negate(val: real|int) Returns the value of the numeric input provided

multiplied by -1.
invert(val: real|int) Calculates 1/𝑣𝑎𝑙.
max(values: real[]|int[]) Computes the maximum value in the provided vec-

tor of values.
min(values: real[]|int[]) Computes the minimum value in the provided vector

of values.
rand() Return a random value in the range [0,1] calculated

using a predefined seed.
setSeed(seed: int) Sets the internal seed used in the rand() function to

the value provided.

Table B.2: Built-in functions available in the Mathematics library

Name Description
substring(str:string, start:int, end:int) Returns the sub-string inside str, starting at position

start and ending at position (end-1). If the range
defined by the positions start and end is not valid
for the string str, it will return the empty string.

length(str:string) Returns the length of the string str.
uppercase(str:string) Converts all characters in string str to uppercase.
lowercase(str:string) Converts all characters in string str to lowercase.
charAt(str:string, index:int) Returns the character in string str at position index.

If index is not a valid position for the string str,
execution will be interrupted.

Table B.3: Built-in functions available in the Mathematics library
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Name Description
read(var&:all types) Stores into var the input provided by the user. Note

that var here is a reference to a variable created by
the student to receive the input.

write(values...:all types) Writes the list of values provided to the underlying
output channel. Here, values is a variadic parameter
which means it can have as many values as desired.
This is completely transparent to the students when
coding, since from their perspective they are only
passing a list of comma-separated values to the write
function.

Table B.4: Built-in functions available in the Mathematics library
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