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A B S T R A C T

This master thesis covers the integration of problems solvable with Blockly blocks into
INGInious. As the technology evolves and the digital world takes a greater part in
our daily lives and jobs, the number of computer scientists does not follow the trend.
Researchs show that kids who have a computer science course before university are
more likely to enroll in a computer science degree. Nevertheless, there is still a lack
of resources for teachers and kids to teach and learn the core concepts of computer
science and programming.

Currently, INGInious is a platform which is used to automatically grade computer
science projects at Université catholique de Louvain. This work aims to extend this
platform to allow problem solving using a visual programming language in order to
use it to teach programming to kids from 10 to 14 years old. The implementation has
already been used to teach sequential execution, conditions, loops and functions to
more than 150 french-speaking kids from Belgium.
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Part I

T H E S I S





1
I N T R O D U C T I O N

Computer science education includes a lot of concepts in software and hardware. This
thesis will only focus on software and particularly on providing a platform for teach-
ing to kids the basic knowledge needed for programming with a computer. To limit
the scope of this work, the choice was made to use an existing platform, INGInious, in
which problems solvable using a visual programming language will be integrated.

The concept of visual programming language is introduced first (in Section 1.1),
followed by a short description of the INGInious platform (in Section 1.2). This work
was made to provide a platform for teaching programming to kids, the problem and
the motivation behind it is described in Section 1.3–1.4 and the goals we wanted to
reach are described in Section 1.5.

1.1 visual programming languages

A programming language is a formal language that is designed to communicate in-
structions to a computer. It is mostly defined by two characteristics: its syntax and its
semantics. The syntax is used to say if a representation (usually text) is valid for a lan-
guage, using a set of rules defined in a grammar. The semantics defines the meaning
of a valid representation. When you want to write a program, it has to be syntactically
correct (it has to respect the grammar of the language) to be translated into executable
code, and it has to be semantically correct (act as what you want it to do).[1]

A visual programming language (VPL) has the same purpose but instead of using
text, the user creates program using graphical elements. Its main purpose is to be more
friendly to its users than textual programming languages, e.g. by being closer to the
domain of the problems it solves or by reducing difficulties to write a syntactically
correct program.

When beginners start programming, they don’t find it accessible because they have
to discover both the syntax and the semantics at the same time [2]. The syntax of a
programming language can be hidden in pictures (i.e. for very young kids) or blocks
to focus on the semantics, as shown in Figure 1.1 (the equivalent in a textual program-
ming language is shown in Listing 1.1). A description of different visual programming
languages is presented in Chapter 2.

3
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Figure 1.1: Blockly blocks

1 import math
2

3 i = None
4 f o r i in range ( 0 , 361 , 30 ) :
5 p r i n t ( math . s i n ( i / 180 .0 * math . pi ) )
6

Listing 1.1: Python code equivalence

1.2 inginious

INGInious is an intelligent grader that allows secured and automated testing of code
made by students on a web platform. It was initially developed by students and since
2014, it has become an open-source project maintained by the INGI department at
Université catholique de Louvain (UCL). It is used to submit and test most of the
projects in the computer science courses.[3]

INGInious includes a lot of features that are useful for computer science educa-
tion. You can create user accounts, classrooms, courses, stores submissions, test input
code, ask multiple choices questions,. . . This allows students to submit code from their
browsers to see if it respects the instructions given by a teacher. Teachers can cus-
tomize their classrooms, courses, tasks and tests to automate the grading process of
student code within a safe environment. A more detailed description of INGInious
can be found in Section 3.1

INGInious is extensible to new types of problems, so it can be used as a development
environment for VPL problems alongside with all its previously mentioned features.
The extension of INGInious with VPL problems will be described in Section 4.1.

1.3 problem

Our everyday life is being modified a lot since the last decades as the technologies
evolve. In our country, every student succeeding secondary school has used a com-
puter.[4] Across the globe, the economy tends to offer always more wages for the
computer occupations.

At the same time, computer science is still less than 3% of all bachelor’s degrees
and only 8% of all Science, Technology, Engineering and Mathematics (STEM) degrees.
Meanwhile, 71% of all STEM occupations are in computing [5]. The College Board,
an American nonprofit organization formed to expand access to higher education [6],
found that studying computer science in high school is highly correlated to university
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enrollment [7].

One of the purpose of primary and secondary school is to help the cognitive devel-
opment of their students to achieve their professional goals and to raise their aware-
ness of the world they live in. Nonetheless, there are still very few initiatives to teach
computer science to kids in Europe [8]. This problem cannot be solved if teachers in
Belgium do not have an education platform where they can make (or use existing)
exercises that are available to their students in French.

1.4 motivation

Every active person uses softwares on a daily basis (at home, at work or even to buy
a public transport ticket), but very few understand how it is made. One of the goal of
education is to help people understand the world in which they live, so understanding
how programs are made is an interesting topic that could be added in today’s school
program.

The usage of a VPL allows to create syntactically correct programs, but it also takes
the advantages of the colors and shapes, which are more expressive than indentation
and coloring to make the source code more readable. Moreover, with a VPL the func-
tions available are shown to the user such that he doesn’t have to read documentation,
which is also a nice advantage for beginners.

Thus, using a VPL is probably one of the most practical way to start learning core pro-
gramming concepts as a kid. Integrating it into an educational platform that already
provides an environment to display exercises, test submissions and has a community
of active users and developers allows to save more time to develop content and test it
with some classes, as it will be described in Section 5.1.

1.5 goals

This master thesis has four main objectives:

1. Choosing a visual language: There exists different visual language with their
advantages and drawbacks, the goal is to meet the needs of kids but also to
integrate it in INGInious. This choice will be explained in Section 2.4;

2. Integration to INGInious: The goal is to use the advantages of INGInious: sub-
missions testing, storage, classrooms,. . . Integrating a new problem is not some-
thing that is usual, and INGInious does not handle anything that is visually
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interactive with the code (only text boxes or files). The integration is explained
in Section 4.1;

3. Content creation: The goal is to show that the integration is a success by creating
different exercises that corresponds to interesting real-life activities solvable by
kids. The content creation process is described in Section 4.2 and more created
content is described in Section 5.1.2;

4. Real-life test: The goal is to prove that the content and the platform allows
to organize an activity with a class of kids (10-15 years) to help them to learn
some core programming concepts. During a week, eight activities were orga-
nized, each time with different classes, the results of those activities can be found
in Section 5.1.3. Section 5.4 will describe some good practices learned from those
activities.



2
O V E RV I E W O F V I S U A L P R O G R A M M I N G L A N G U A G E S A N D
C H O I C E S

Since the 1990s, a lot of work has been made to design and implement visual program-
ming languages to help people without any knowledge in computer science to learn
the core concepts of coding. In this chapter, different visual programming languages
will be shown but most of them do not fit the requirements leading us to my choice in
Section 2.4.

The requirements are:

• A french translation is available or possible to do;

• It can be integrated inside INGInious with little to no modifications of the ex-
isting implementation. It is important to avoid breaking or hacking the existing
version of INGInious and to be able to take advantages of the existing features
of INGInious;

• There is an active community of developers and users;

• It looks friendly for kids (colors, animations, sounds,. . . );

• It supports multiple paradigms.

The oldest programming languages used all over the world that survived until to-
day are AgentSheets[9] and Etoys[10]. AgentSheets is developed in Java, it provides
an easy interface to build 2D and 3D games and simulation for kids and scientists
(as shown on Figure 2.1). Etoys is an application with a drawing interface where the
drawings can be programmed to move to learn sequencing, conditional statements,
loops and object-oriented programming (as shown on Figure 2.2). Those applications
developed since 1996 are available as desktop applications for Windows and MacOS.

Another kind of visual language projects is plugins for existing Integrated Develop-
ment Environment (IDE). An example is the Ardublock project that integrates in the
ArduinoIDE to allow kids to program their Arduino hardwares with blocks, as shown
in Figure 2.3. The main difference between Ardublock and Etoys or AgentSheets is that
the visual language (OpenBlocks) is used to be translated into a real-world language
to be compiled and run, so it can help to introduce or to ease the use of a textual
language.

7
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Figure 2.1: Agentsheets interface

Figure 2.2: Etoys interface
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Figure 2.3: Ardublock interface

Nowadays, the trend is to get rid of any installation process and operating system
requirement and to be able to create and execute programs using VPL in a web browser.
As for desktop applications, there are two main kinds of way it can work: whether the
visual language is to be used on its own, or the visual language is translated to textual
code. The first kind is illustrated in projects such as Scratch or Snap!, their applications
is presented as a full page where the only way to build your program is to use the
given blocks to animate and move elements on a sprite. The latter kind is illustrated
by Blockly where the blocks are only a handy representation of a portion of text in
a real-world language. As those web-based VPL are the ones which could fit for an
integration in INGInious with the biggest and more active communities, the following
sections will describe them more deeply.

2.1 blockly

Blockly is a visual language that is developed by Google since 2013. The idea was
to replace OpenBlocks which was developed in Java to allow an integration in a web
browser [11]. Blockly is fully written in JavaScript to allow its integration in all mod-
ern browsers (there are also versions for iOS and Android). The Blockly project defines
several blocks for core concepts, such as conditions, loops, functions, variables, colour-
ing, math functions,. . . as shown on Figure 2.4.

Blockly is translated in more than 40 languages including French. The interface is
made to be included in any web page and works without a server. The community
of developers is active and the community of projects using Blockly (e.g. Code.org) is
large and very active. The interface is rather simple to use because it only consists in
click and drag-and-drop without any buttons by default. The Blockly blocks library is
made to be extended by new blocks related to each exercise, so it is not restricted to
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Figure 2.4: Blockly interface as shown on the official website

any paradigm.

With Blockly, all blocks have to be translated in an existing textual language. The
blocks already defined are translated in 5 languages: JavaScript, Python, PHP, Dart
and Lua. As the translation is syntactically correct in any use of each block, it ensures
that any program created with blocks is syntactically correct. This requires that the
programmer pays a lot of attention when he creates a new block to test all its possible
use but it also gives the opportunity to easily create new blocks by only defining a
shape and a translation.

2.2 scratch

Scratch is an educational project developed by the MIT since 2006. The first version
of Scratch was a desktop application written in Smalltalk. It switched to ActionScript
(Flash) for its second version, available at https://scratch.mit.edu (interface is shown
in Figure 2.5).

Since its launch, Scratch has registered more than 19 millions of users who have
shared 23 million of projects [12], making it the biggest community for a visual pro-
gramming language. It is translated in many languages including French. The ease of
integrating Scratch into an existing platform is arguable: Scratch is a Flash application

https://scratch.mit.edu
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Figure 2.5: Scratch interface

so technically it is just an element that can be integrated in any page, but at the same
time, Scratch is not made to reach a predefined goal (the goal is to imagine something,
e.g. a game, and then program it). This means that the program build with Scratch
are not made to be testable but to be shareable (every project can become a standalone
application). The work to make Scratch take use of INGInious would be large: first you
have to provide a way to compile and test programs created with the editor, and then
you would have to make the editor communicate with the existing platform, knowing
that it was not made for those purposes.

Moreover, the Scratch team is now working on a third version of the platform, they
want to get rid of Flash (because the most used browsers are disabling Flash player by
default [13][14], mainly for performance or security reasons) by switching to JavaScript.
They divided the new version into three projects:

1. Scratch blocks is a fork of Blockly project, extended with blocks for interaction
with the Scratch GUI.

2. Scratch VM is a virtual machine used to represent, run and maintain the state
of programs for Scratch 3.0. Its goal is to provide an execution environment (a
JavaScript interpreter) together with abstract syntax tree of the code generated
by blocks.
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3. Scratch GUI is a graphical user interface developed using React framework to
view, modify and run Scratch projects.

Concretely, Scratch blocks will share the same basis as Blockly in its next version.
Furthermore, the next version of Scratch will probably remove the difficulty of integra-
tion mentioned above, because the VM will expose the state of the programs (allowing
testing) and the GUI will be composed of multiple components instead of being con-
sidered by the browser as a single component. Unfortunately, this version is not yet
released (only a developer preview is available), so it is not possible yet to work with
a fully functional and stable release.

2.3 snap!

Until its version 3.0, the Snap! project was called BYOB (Build Your Own Blocks), it
was a desktop application running on Windows, Mac and Linux. In its 4.0 version, it
has completely switched to JavaScript using the morphic.js framework with an online
version available at https://snap.berkeley.edu (the interface is shown in Figure 2.6).

Figure 2.6: Snap interface

https://snap.berkeley.edu
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The major advantage of Snap! over Scratch is that it includes procedures, lists and
objects as first-class citizens, which was not supported by Scratch (so it aims to handle
more paradigms). It has a french translation and an active community (smaller than
the Scratch one). For its integration, it shares the same drawbacks as Scratch because
programs are not made to be automatically testable outside of the Snap! application
and there is no communication library between Snap! interface and the platform it
runs on (apart from optional features such as login).

2.4 choice motivation and explanation

As presented in the previous section, there are only three projects with big communi-
ties that can be used inside a web-based platform. One of the point that was raised
in the introduction was the lack of resources to teach programming, and if you don’t
have a large community you will not be able to find help easily, that’s why it is an
important criterion.

Another important criterion to take into account how and why INGInious is made
(the technical details will be more deeply discussed in Section 3.1). As explained in
Section 2.2 and 2.3, programs created using Scratch and Snap! are made to be tested
from outside of their respective applications and their interface is not made to com-
municate with external platform. Concretely, it would require a lot of work to modify
their existing behavior to fit with the existing test platform of INGInious.

An example of the way you can integrate Snap! and test programs created by its ap-
plication was done in two separate master thesis in 2014 and 2015, the platform with
Snap! was developed by Simon Claessens and Gaëtan Collart [15] and the blocks for
introspection to allow the testing and some other extensions were created by Simon
Hock [16]. To create tests on Snap! exercises, he added blocks to the beginning and
the end of each student solution to launch the execution of tests. At the end of the
execution, the interface sends to the server if the task is succeeded or failed. This kind
of behavior is the opposite of what we want to reach in this master thesis: we want to
use the server (INGInious) to give us the information about the success or the failure
of an exercise, but this is not possible without modifying the way Snap! works.

At the other side, Blockly is made to translate the blocks into programs written in
existing programming languages that are already tested with INGInious. The Blockly
interface and blocks are made to communicate with the external platform it is inte-
grated in. From an architectural point of view, it is the one that corresponds the most
to the existing problems handled by INGInious and that takes most profit of what IN-
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GInious can already offer. Thus, Blockly is the VPL that I will integrate to INGInious.
The implementation will be explained in Section 4.1.
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T O O L S D E S C R I P T I O N

3.1 inginious

3.1.1 History

INGInious was made by the INGI department at the Université catholique de Louvain.
The two main developers are Guillaume Derval and Anthony Gego, they started the
development as students during the summer holidays of 2014 to build an alternative
to Pythia.

It is widely used in the computer science courses in the INGI department, more and
more projects and homeworks are submitted and automatically tested on it, from the
first year of bachelor to the last year of master. INGInious is still under development to
improve its existing features. One of the new goal of the platform is to become a test-
ing platform for companies that hire developers and software engineers. INGInious is
mostly used with its webapp (web application), which will be described in the next
section but tasks are also integratable in other learning platforms supporting LTI.

3.1.2 Architecture

INGInious is an open-source project developed in Python with the framework web.py,
with Bootstrap as HTML framework and the jQuery library. It has a model-view-
controller (MVC) architecture and it uses Docker containers to securely run the code
produced by students.

The broad outlines of INGInious architecture is shown in Figure 3.1. Users can re-
quest web pages to the frontend, that will response with the information stored in a
MongoDB database and in the files related to the courses. From specific web pages,
users can submit solutions for a task to the frontend, that will interact with its back-
end modules to ask to an INGInious agent to test the submission of the students. The
INGInious agent creates a Docker container to launch a secure execution of given tests
on the submissions (the code in a submission is ran in isolation from the rest of the
server and is restricted to a certain usage following the container configuration). Once
the working process of the container has terminated, it returns its results to the agent,

15



16 tools description

Figure 3.1: Basic architecture of INGInious

that communicates it to the backend which transmits it to the frontend that stores the
results in the database and then display the related information the user.
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3.1.3 Interface

The web application of INGInious when an user is logged in displays the list of courses
the user is registered to, and a menu to register to new courses. When a course is
clicked in the list, a page shows all tasks available for this course and their respective
grades obtained by the user. Each course has to be in a different directory that con-
tains its properties in a course.yaml file and this directory can contain multiple task
directories, each with their properties and problems defined in a task.yaml file, as
depicted in Figure 3.2. Each task contains one to many problems of different types:

• Single line code

• Multiple lines code

• Multiple choice question

• File upload box

• Perfect text match

Course 1

. . .

Course N

Task 1

. . .

Task N

Problem 1

. . .

Problem N

Task 1

. . .

Task N

Problem 1

. . .

Problem N

Figure 3.2: Architecture of the courses in INGInious

To complete a task, all subproblems have to be solved (empty problems are not al-
lowed by default) to submit a task, but the grading allows to know which subproblems
has been succeeded and which are not. Submitting a task will create a docker container
in which the tests made by the course administrator will run. Each user can access to
his older submissions on the related task page.
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Course administrators can customize each task to limit the number of submissions
allowed, the number of submissions stored for each user, the time and memory usage
limit for the tests, the weight of the grade w.r.t other tasks, to allow or deny the internet
access of the grading container.

3.2 blockly

Blockly is an extensible visual block programming language developed by Google.
This open-source project was started to allow the development of Android applica-
tions through App Inventor possible in a web browser (as a replacement for the Java
project OpenBlocks for desktop applications). The two main developers are Neil Fraser
and Rachel Fenichel.

It is developed in pure JavaScript and is 100% client-side, with a dependency to the
Closure Compiler to build the project and run some demos. The closure compiler is
not a compiler, but a minifier for JavaScript code which, besides reducing the size of
the JavaScript files (to reduce the web page loading time), warns about bad practices
and syntax errors.

Figure 3.3: Blockly interface
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3.2.1 Interface

The Blockly interface is composed of the main parts: the toolbox and the workspace,
as shown in Figure 3.3. The toolbox is displayed on a border of the workspace, usually
vertically on the left. It contains all the blocks available to create the program and
displays them whether directly or by categories. The workspace is the place where the
blocks can be stacked together to create a program.

3.2.2 Blocks

Blocks are defined in JavaScript or JSON and their translations can be done in any lan-
guage, but the basic blocks are defined in 5 languages (Python, JavaScript, Lua, PHP,
Dart), so if you want to use them in another language you will have to translate them.

Blockly has been made to be extended by context-specific blocks, usually blocks that
are very closely related to the problem to solve. Each block has a definition to define
how the block must be displayed and how it can interact with other blocks in the
workspace. Each block has also a code generation part to be able to transform it into a
textual language.

1 {
2 " type " : " c o n t r o l s _ r e p e a t _ e x t " ,
3 " message0 " : " repeat %1 t imes " ,
4 " args0 " : [ {
5 " type " : " input_value " ,
6 "name" : "TIMES" ,
7 " check " : "Number"
8 } ] ,
9 " message1 " : " do %1" ,

10 " args1 " : [ {
11 " type " : " input_statement " ,
12 "name" : "DO"
13 } ] ,
14 " previousStatement " : null ,
15 " nextStatement " : null ,
16 . . .
17 }

Listing 3.1: Repeat block definition (JSON)

1 Blockly . Blocks [ ’ t e x t _ p r i n t ’ ] = {
2 i n i t : function ( ) {
3 t h i s . j s o n I n i t ( {
4 " message0 " : " p r i n t " ,
5 " args0 " : [
6 {
7 " type " : " input_value " ,
8 "name" : "TEXT"
9 }

10 ] ,
11 " previousStatement " : null ,
12 " nextStatement " : null ,
13 . . .
14 } ) ;
15 }
16 } ;

Listing 3.2: Print block definition
(JavaScript)

3.2.2.1 Block definition

To create a new block, you have to define how it can be connected to other blocks, if
it has input or output, its color, the text to be displayed inside it and a unique id. This
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definition can be done in JSON or JavaScript (as shown respectively in Listing 3.1 and
3.2, with the resulting blocks in Figure 3.4 and 3.5), but developers created the Blockly
Developer Tools [17] to allow to do it graphically, using blocks (those blocks have a
translation to produce the definition of new blocks in JSON and JavaScript).

Figure 3.4: Blockly repeat block
Figure 3.5: Blockly print block

3.2.2.2 Block code generation

Once all the inputs and outputs have been defined in the block definition, the code
translation of the block can be written in the language of your choice. This part is
difficult because the translation has to be always syntactically correct, so it requires a
good knowledge of the language used for the translation. An example of the blocks
“repeat” and “print” is shown in Listing 3.3 and 3.4.

1 Blockly . Python [ ’ c o n t r o l s _ r e p e a t ’ ] = function ( block ) {
2 var repea ts = S t r i n g ( p a r s e I n t ( block . getF ie ldValue ( ’TIMES ’ ) , 10 ) ) ;
3 i f ( Blockly . isNumber ( repea ts ) ) {
4 repea ts = p a r s e I n t ( repeats , 10 ) ;
5 } e lse {
6 repea ts = ’ i n t ( ’ + repea ts + ’ ) ’ ;
7 }
8 var branch = Blockly . Python . statementToCode ( block , ’DO’ ) ;
9 branch = Blockly . Python . addLoopTrap ( branch , block . id ) ;

10 var loopVar = Blockly . Python . variableDB_ . getDistinctName (
11 ’ count ’ , B lockly . Var iab les .NAME_TYPE) ;
12 var code = ’ f o r ’ + loopVar + ’ in range ( ’ + repeats + ’ ) :\n ’ + branch ;
13 return code ;
14 } ;

Listing 3.3: Block repeat code generation for Python

1 Blockly . Python [ ’ t e x t _ p r i n t ’ ] = function ( block ) {
2 var msg = Blockly . Python . valueToCode ( block , ’TEXT ’ ,
3 Blockly . Python .ORDER_NONE) || ’ \ ’\ ’ ’ ;
4 return ’ p r i n t ( ’ + msg + ’ ) \n ’ ;
5 } ;

Listing 3.4: Block print code generation for Python



3.2 blockly 21

Those definitions and code generation implementations allow to connect the two
blocks together (as shown in Figure 3.6) to generate a little program, as shown in
Listing 3.5.

Figure 3.6: Block repeat and
print used together

1 f o r count in range ( 1 0 ) :
2 p r i n t ( ’ abc ’ )
3

Listing 3.5: Translation of the a print block inside of
a repeat block in Python
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I M P L E M E N TAT I O N

4.1 blockly integration to inginious

This section contains a description of the modification made to the frontend of INGIn-
ious (in Section 4.1.1), the code added to the client-side in Section 4.1.2 and the options
related to a Blockly problem are described in Section 4.1.3.

4.1.1 Frontend

As there exists no tutorial for that, the steps to add a new type of problem are shortly
explained in the next paragraphs and in UML diagrams. To define a task, INGInious
needs a file (always called task.yaml) that contains all information about the task. The
starting point of the implementation is to add a new type of problem to INGInious, to
allow INGInious to correctly loads that file (existing type of problems can be found in
Section 3.1.3). This new type of problem is called BlocklyProblem and inherits from
the existing CodeProblem which defines attributes and methods for a problem that
handles code, the resulting structure is shown in Figure 4.1. A new type of problem
is needed because of the specific options related to Blockly problems explained in Sec-
tion 4.1.3.

BlocklyProblem instances contain a list of boxes created with options specific to the
problem. A box contains the information that will then be used to correctly display a
problem inside a web page. There are information specific to Blockly, so we need to
create a new class BlocklyBox that inherits from the MultilineBox (because blocks gen-
erate multiple line of code and this is what MultilineBox already handles) as shown
in Figure 4.2. Those information are the toolbox (a textual representation of them in
a language called XML), the workspace (to define blocks that should appear in the
workspace at its initialization), options to customize the workspace (zoom, grid,. . . )
and optionally files related to new blocks definition and other scripts. An example of
usage is given in Section 4.2.

To create a web page, the INGInious frontend uses a renderer that puts together
partial HTML template (i.e. pieces of a web page) in which data can be added pro-
grammatically. To display a task page, the renderer calls the method show on each
displayable box that are related to the problems in that task. So we need to define
a new type of displayable box that will inherit from BlocklyBox (explained earlier)
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BasicProblem

+task: Task

+name: String

+header: String

+original_content: Dict

+input_is_consistent(): boolean

+check_answer(): boolean

+get_type: string

MatchProblem

BasicCodeProblem

boxes: list<BasicBox>

+get_type(): string

+input_is_consistent(): boolean

+check_answer(): boolean

–create_box(boxId:integer,box_content:dict): void

CodeSingleLineProblem CodeFileProblemCodeProblem

MultipleChoiceProblem

BlocklyProblem

+get_type(): String

Figure 4.1: UML diagram of the Problem classes

and from DisplayableBox abstract class to tell the renderer how to display the parts
related to a Blockly problem inside the task web page. This new type of displayable
box is called DisplayableBlocklyBox, its relation with the existing implementation is
depicted in Figure 4.3.

The renderer comes from the web.py framework used by INGInious and is not di-
rectly related to this work, so it is not explained here. Shortly, DisplayableBlocklyBox
uses it to generate a part of a web page (as HTML text) from a template (in
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BasicBox

+id: string

+problem: BasicProblem

get_type(): string

input_is_consistent(): boolean

TextBox FileBox InputBox

MultilineBox

–optional: boolean

–lines: int

–language: string

+get_type(): string

+input_is_consistent(): boolean

BlocklyBox

–toolbox: string

–workspace: string

–options: dict

–files: list<String>

–blocks_files: list<String>

Figure 4.2: UML diagram of the Box classes

inginious/frontend/common/templates/tasks/blockly.html). The template consists
mainly of HTML elements and scripts to load, so its content is not presented here.

4.1.2 Client-side

When an user loads a task with a Blockly problem, his browser will show the web
page generated by the renderer and runs scripts in JavaScript to display the Blockly
workspace, it has to be injected in JavaScript using the blockly library. All JavaScript
files needed to display and interact with a blockly problem is in the directory
inginious/frontend/common/static/js/blockly/.

This directory contains multiple subdirectories and files:
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BasicBox

MultilineBox

DisplayableBox

+adapt_input_for_backend(input_data): string

+show(renderer): string

BlocklyBox

–toolbox: string

–workspace: string

–options: dict

–files: list<String>

–blocks_files: list<String>

DisplayableBlocklyBox

+show(renderer): string

TemplateHelper

–renderer: web.template.Render

Figure 4.3: UML diagram for DisplayableBlocklyBox class

• media/ is a directory where pictures and sounds related to Blockly are stored
(sounds are played when the user moves the blocks, deletes them and pictures
are needed for the trashcan and the zoom buttons)

• msg/ is a directory containing all the translations (in more than 60 languages) of
the Blockly interface and blocks. At the moment, localization is not yet supported
by INGInious so it has to be set manually.

• blockly_compressed.js contains all the functions to display and interact with
the Blockly environment.

• blockly.js defines two classes, BlocklyTask and BlocklyTaskInterpreter. A
BlocklyTask instance is created for each Blockly problem and it initializes a new
BlocklyTaskInterpreter to be able to run the code locally.

• blocks_compressed.js contains all the core blocks available in Blockly.

• dart_compressed.js, javascript_compressed.js, lua_compressed.js, php_compressed.js
and python_compressed.js contain the translation of the blocks into the lan-
guage their names suggest.
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The implementation consists mainly in an implementation of a BlocklyTask class in
JavaScript that will handle the information and the visualization of the Blockly prob-
lem. It contains a BlocklyTaskInterpreter instance that is a JavaScript interpreter to
interpret JavaScript code in isolation (this interpreter comes from a project developed
by a developer of Blockly [18]).

The BlocklyTask instance related to a Blockly problem will handle its display but
also the interaction with the Blockly library to keep a real-time translation of the blocks
in the workspace and their representations at any moment. This real-time translation
and blocks structure is stored inside hidden page elements. Such that, at any moment
if the user wants to submit, the content of those elements is sent to the server (that
will test the code and store the blocks structure to allow to display it if the user wants
to see again his submission in the future). The content of the element storing the code
generation can also be read by the BlocklyTaskInterpreter instance if the user ask to
test his code locally.

An interpreter was needed because for kids, it is more stimulating to have a visual
counterpart of their code as easily as possible. An interpreter is the most straightfor-
ward way to provide in the browser a direct execution of the code generated by blocks
in order to show the result of execution (by highlighting each block and by showing
their visual counterpart at the same time).

With the implementation of the frontend and the code added for the client side, a
task can be displayed on any task page (an example is shown in Figure 4.4). As you
can see, from top to bottom there is:

• The problem name to identify the problem;

• The problem description to display instructions to solve the problem;

• The interpreter buttons (alternately run code, stop, restart) to start the execution
of the code inside the browser, stop it and restart from the beginning to prepare
for a new execution;

• Display modes to show blocks, blocks and the code generated from them or only
the code generated from them

• Full screen mode to see the problem as a full screen page;

• Block limitation information (optional) shows the maximum number of blocks
that can be used to solve the problem.

• Toolbox and Workspace form the Blockly interface, already described in Sec-
tion 3.2.
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Figure 4.4: An example of Blockly problem displayed in an INGInious task page

• Submit button to send a solution of the problem to INGInious to know if the
task is succeeded.

4.1.3 Blockly options

The implementation supports the customization of the Blockly workspace with a lot
of different options (that can be adjusted by the teacher in the INGInious task editor
at any moment). Those options are:

• Collapsable blocks allows the user to collapse all connected blocks below a
selected block (e.g. to save space on the workspace)

• Commentable blocks allows the user to add comment on blocks

• Disable blocks allows the user to disable blocks such that they do not generate
code but they are not deleted (e.g. for testing purposes)
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• Maximum number of blocks in the workspace allows the creator of the task to
limit the number of blocks draggable in the workspace (e.g. to force the use of
loops)

• Trashcan allows the user to delete its blocks with drag-and-drop

• Horizontal layout displays the toolbox horizontally instead of vertically

• Toolbox position start or end (if toolbox layout is vertical, start means left, end
means right)

• Media path tells Blockly where to find the media resources (sounds and pictures)

• Display grid: display a grid on the workspace (with spacing, length, color and
snap options)

• Zoom allows to zoom in/out the workspace with controls and/or the mouse
wheel (with controls, wheel, scale options)

• Right-to-left allows to handle languages that you can’t read from left to right.

• Read only: unmodifiable workspace (for example for an exercise “what would
this code prints?”)

• 1-based-index allows to begin all indices by 1 instead of 0 (for lists, strings,. . . )

• Scrollbars allows to display scrollbars to navigate in workspace

• Sounds activate the sounds (e.g. when blocks are stacked)

To ease the creation of tasks in INGInious, the following options were added:

• Visual: display a SVG zone to allow to programmatically display visual content
(optional);

• Files: a list of files needed for the interpreter to handle the code generated by the
new blocks (optional);

• Blocks files: a list of files containing the new blocks definition related to the task
(optional);

• Toolbox: the list of blocks (formatted in XML) that will be displayed in the tool-
box for the problem;

• Workspace: the list of the blocks (formatted in XML) that should be displayed in
the workspace when the task is first shown (optional).
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4.2 content creation

To test my implementation of Blockly on INGInious, I created two types of content.
The first one was non-visual problems solvable without adding any new blocks based
on the problems proposed in the course “Learn Python” which is an introduction to
the Python language for computer scientist at UCL (available on the instance for UCL
students [19]). Implementing this kind of problem is very easy to do because Blockly
blocks can be translated to Python so the exact same tests as for a problem resolved
with text can be applied to the generated code. An example of such task is shown
on Figure 4.5, if you want to understand the shown solution, keep in mind that with
Blockly by default the indexing starts to 1.

Figure 4.5: An introduction task from the course Learn Python resolved with Blockly

Those kinds of tasks that are not rich in visual content are not enjoyable the one
preferred by kids [20] so I wanted to add something more visual to show how it can
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be integrated into INGInious. I took an example from the Blockly Games [21] where
the Maze shown in Figure 4.6 is proposed. Blockly Games are 100% client-side little
games which make them rather easy to import inside another website. The advantage
is that most of the code is reusable as is, but there are modifications that will be de-
scribed here to show how to create content for INGInious.

Figure 4.6: The maze activity from the Blockly Games

The first modification is related to the way levels are managed in the maze. The
maze game is divided in 10 levels, and all the levels share the same files and there is
only an argument (named “level”) in the URL that sets it when you click on another
level. As explained in the description of INGInious (Section 3.1.3), tasks are separated
in different directories (one for each task), making them independent from each other.
Thus, we have to create a task for each level (because we want the students to be able
to submit the level one by one). It means that the files have to be replicated in each
task and parts not related to a given level can be removed.

The second modification is related to the way the interpreter works with the Maze.
The interpreter integrated to Blockly for INGInious has been made to be as general
as possible and as any program, it does not solve the halting problem so it might in-
terpret an infinite loop. Unfortunately, the maze as it is implemented does not respect
this idea. What is done when a user executes his program is a logging a maximum of
10,000 steps of execution and it halts if there is more. This technique is used to display
the interpretation of logged steps in various speeds according to the result (the ani-
mation runs quickier if the problem is solved, slower if it is failed). This was a huge
assumption in the initial code and it had to be changed to work with the more gen-
eral interpreter included in INGInious (that will execute the code step-by-step until it
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reaches the end of the program or is stopped by the user).

Once it has been done, the rest of the code could be reused. Next section presents
an example for the definition of a new block and its code generation into Python and
JavaScript language. The code generated will be a function that is related to the logic
of the task and the way it can be managed by the JavaScript interpreter is shown.

4.2.1 Definition of a new block, code generation and its interpretation

First, the blocks have to be defined as shown in Listing 4.1. The definition contains the
text to show in the block, the color of the block and the way it interacts with other
blocks (a tool to create this definition using Blockly blocks to avoid syntactic mistakes
is presented in Section 4.3). The translation is done in JavaScript for the interpreter
and in Python to have a separate code (that will not contain any animation logic) for
the tests in the backend of INGInious.

1 Blockly . Blocks [ ’ maze_moveForward ’ ] = {
2 i n i t : function ( ) {
3 t h i s . j s o n I n i t ( {
4 " message0 " : "move forward " ,
5 " previousStatement " : null ,
6 " nextStatement " : null ,
7 " colour " : Maze . Blocks .MOVEMENT_HUE,
8 " t o o l t i p " : "Move the pegman to the next square "
9 } ) ;

10 }
11 } ;
12

13 Blockly . J a v a S c r i p t [ ’ maze_moveForward ’ ] = function ( block ) {
14 return ’ moveForward (\ ’ block_id_ ’ + block . id + ’ \ ’ ) ;\n ’ ;
15 } ;
16

17 Blockly . Python [ ’ maze_moveForward ’ ] = function ( block ) {
18 return ’ moveForward ( ) \n ’ ;
19 } ;

Listing 4.1: Definition of the block used to move forward in the maze

Next, we can fill the zone for graphical content (created when the option “Visual”
explained in Section 4.1.3 is enabled) with the skin of the maze and the animations
have to be programmed. The code defining all the visual animations is too big to be
shown here (1500 lines in its original version and still 800 in mine), but it is available at
https://github.com/fthuin/INGInious_blockly_tasks. To go on with our example,

https://github.com/fthuin/INGInious_blockly_tasks
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here are the specifications of a function:

1 /* *
2 * Attempt to move pegman forward or backward .
3 * @param { number } d i r e c t i o n D i r e c t i o n to move (0 = forward , 2 = backward ) .
4 * @param { s t r i n g } id ID of block t h a t t r i g g e r e d t h i s a c t i o n .
5 */
6 Maze . move = function ( d i r e c t i o n , id ) {
7 . . .
8 } ;

Listing 4.2: A function to move the character forward or backward

Afterwards, we have to tell the interpreter how to run the code generated by blocks.
In the block definition of maze_moveForward, you can see that the generated JavaScript
code will be of type moveForward(<block_id>). In the interpreter, we create a new
native function called moveForward and its code will be a call to Maze.move as shown
in Listing 4.3.

1 var i n i t I n t e r p r e t e r A p i = function ( i n t e r p r e t e r , scope ) {
2 var wrapper ;
3 wrapper = function ( id ) {
4 Maze . move ( 0 , id . t o S t r i n g ( ) ) ;
5 } ;
6 i n t e r p r e t e r . se tProper ty ( scope , ’ moveForward ’ , i n t e r p r e t e r .

createNat iveFunct ion ( wrapper ) ) ;
7 . . .
8 } ;

Listing 4.3: Example of native function added to the interpreter

So here are all the parts needed when you create a new blocks that have to be in-
terpreted to be run locally. First, the block definition, then a function that should be
called to animate a move and finally the link between the code generated by the block
and the code to display the animation. The final result of the integration of the maze
in INGInious is shown on Figure 4.7.

The only thing left is the testing of the code by the server, which can be done as for
any other tasks with the information stored in the page as explained in Section 4.1.2.

4.3 blockly task creation tools

INGInious tasks definition are stored in file called task.yaml. Those files are easy to
be programmatically read and write but are not very human-friendly. To ease the cre-
ation and modification of tasks, the INGInious web application allows to modify that
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Figure 4.7: The Maze from Blockly Games integrated to INGInious

file from a GUI. Basically, you can modify the text displayed for the problem as for
other problems, but the customization the workspace and task through all the options
described in Section 4.1.3 is also implemented.

I’ve already cited the Blockly Developer Tools that allows to create new blocks using
a Blockly [17]. This is a very nice resource to avoid reading all the documentation or
making syntax errors (it works like writing a program with Blockly). Blocks created
in the Block Factory can be exported through the block exporter and the files created
can be put into the related task directory. But the last feature of those Developer Tools,
called “Workspace Factory” allows the user to choose the blocks displayed for the
problem (toolbox and workspace) by using only Blockly workspaces. This feature is
really interesting because creating the toolbox or blocks displayed at the loading of
the task has to be done in XML and it is not very practical (e.g. the standard toolbox
presented on the official website demo is defined by more than 300 lines of XML). Fur-
thermore, the XML has to be written inside the task.yaml file, which is exactly what
we want to avoid using the GUI. So something very similar to the Workspace Factory
is integrated inside the task editor of INGInious for Blockly problem.

I could not reuse the code of the Workspace Factory, because there were some as-
sumptions on the HTML framework used (which was not Bootstrap) but also because
this demo is not up-to-date (some new blocks were missing). The Workspace Factory
has a dependency to the Closure Library (which is composed of more than 2700 files)
only because of its color picker. When you work with it, the data are shared inside
files that you upload and download, but for the GUI of INGInious, data had to be
updated directly in HTML elements. With all those differences, I preferred to rewrite
it completely from scratch but providing the same layout and functionalities, as shown
in Figure 4.8.
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Figure 4.8: The Blockly Factory for an INGInious problem





5
P E D A G O G I C S

This chapter describes the organization and material of activities where the implemen-
tation of Blockly in INGInious was used to teach basic programming concepts to more
than 150 kids (Section 5.1). Results of those activities are presented and discussed in
Section 5.1.3. From those experiences, some advices are given to use the platform in a
way that maximizes the learning outcomes of kids (Section 5.4–5.6).

5.1 printemps des sciences

5.1.1 Description

During the week from March 20 to 26, UCL and Scienceinfuse organized an event
called “Printemps des sciences” (Spring of sciences) to promote biology, chemistry, ge-
ography, geology, computer science, mathematics, physics and statistics for primary
and secondary students.

One of the computer science activity proposed to teachers was made for 10 to 15

years old kids to discover programming. During the week, teachers come with their
classes and during the weekend, any child can come (with or without their parents).
Kids were encouraged to work by pairs on the same computer to help each other. The
complete schedule of activities is shown in Table 5.1.

5.1.2 Material

I ran an instance of INGInious on a server given by the INGI departement with the
specifications shown in Table 5.2.

Two tasks were proposed to the kids: “Plant VS Zombie” and “Bee” (in this order, to
provide an increasing difficulty). For the visual part, pictures were reused from tasks
on Code.org [22]. For the code, the code of the Maze used to test the integration of
Blockly in INGInious (explained in Section 4.2) was reused with little modifications.
Those modifications will be explained together with the tasks explanation.

The tasks are made to teach sequential execution, loops, conditions with Plant VS
Zombie. For kids that are faster, tasks with function calls and functions writing were
created in the Bee course but we don’t expect all kids to reach them because activities

37
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Day Hour Class

Monday 2016–03–20 11.00–12.30 5th year of primary school

Tuesday 2016–03–21 11.00–12.30 5th year of primary school

Thursday 2016–03–23 09.00–10.30 6th year of primary school

Thursday 2016–03–23 11.00–12.30 1st and 2nd year of secondary school

Friday 2016–03–24 09.00–10.30 1st year of secondary school and newcomers program

Friday 2016–03–24 11.00–12.30 5th year of primary school

Sunday 2016–03–26 13.30–14.30 Kids from 10 to 15 years

Sunday 2016–03–26 14.45–15.45 Kids from 10 to 15 years

Table 5.1: Schedule of the activities

Component Description

Processor Intel(R) Core (TM) 2 Quad CPU Q6600 2.40GHz

RAM 4× 2GB DDR2 (667 MHz)

HDD 250GB Seagate ST32500N

Network card Intel 82566DM-2 Gigabit Network Connection

Linux kernel 3.10.0–514.10.2.el7.x86_64

Operating system CentOS Linux release 7.3.1611

Graphic card NVIDIA G86 (Quadro NVS 290)

Table 5.2: Workstation specifications (Sun Ultra 24)

are limited in time. Some of the next figures contains a mix of French and English but
the buttons directly to Blockly were in French during the activities.

5.1.2.1 Plant VS Zombie

Plant VS Zombie is a game that has a lot of success (more than 1 million downloads for
its paid version [23]) where players have to use plants to prevent an army of zombies
from entering houses and eating their brains [24].



5.1 printemps des sciences 39

For the task, the theme of the game is reused, but the gameplay is different. Kids
are playing as a Zombie that has to find a path to reach and eat a sunflower, avoiding
to walk on carnivor plants. To reach that goal, they have to program the movements
of the zombie with Blockly blocks. The thirteenth task of the Plant VS Zombie course
is shown in Figure 5.1 and a complete list of concepts addressed in each task is shown
in Table 5.3.

Figure 5.1: Example of Plant VS Zombie problem

Plant VS Zombie tasks are different from my adaptation of the Blockly Games maze
(Section 4.2) by only one aspect (excluding the visual) that is the existence of obstacles.
So the logic related to the obstacles were added to animate the failure during client-
side testing (if the zombie walks on a plant, the plant eats the zombie and no other
actions can be done) and in the backend testing (by adding a condition of success that
is avoiding walking on a plant).

5.1.2.2 Bee

Bee is a game where a bee has to collect nectar from flowers and can make honey from
it. The bee can collect nectar a limited number of times on each flower and make honey
a limited number of times in each hive. Kids have to code the movements and actions
of the bee to collect the maximum number of nectar and to produce the maximum
of honey. An example of the last problem is shown in Figure 5.2, a complete list of
concepts addressed in each task is in Table 5.4.
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Task number Concepts

Task 1 Sequential execution

Task 2 Sequential execution

Task 3 Sequential execution

Task 4 Sequential execution, for loops

Task 5 Sequential execution, for loops

Task 6 Sequential execution, for loops

Task 7 Sequential execution, for loops

Task 8 Sequential execution, for loops

Task 9 Sequential execution, for loops

Task 10 Sequential execution, while loops

Task 11 Sequential execution, while loops

Task 12 Sequential execution, while loops

Task 13 Sequential execution, while loops, if-else conditions

Task 14 Sequential execution, while loops, if conditions

Task 15 Sequential execution, while loops, if conditions

Table 5.3: Concepts addressed in each task of the Plant VS Zombie activity

Here, modifications of the code from my implementation of the Blockly Games maze
were made (in the client-side and the backend tests) to change the success verification
of the termination. Previously, it was a position to reach but here, the problem is
resolved if the number of resources left is equal to 0.

5.1.3 Analytics

This section will describe the flow of students resolution during each activity and their
feelings about the activity at the end of it.

5.1.3.1 First activity

During the first activity, there were 21 students who formed 11 pairs. As you can see
on Figure 5.3, all students reached the last task of the Plant VS Zombie course although
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Figure 5.2: A problem from the Bee course

Task number Concepts

Task 1 Sequential execution, for loops

Task 2 Sequential execution, for loops

Task 3 Sequential execution, for loops, function calls

Task 4 Sequential execution, for loops, function calls

Task 5 Sequential execution, for loops, function writing

Task 6 Sequential execution, for loops, function calls

Task 7 Sequential execution, for loops, function writing

Task 8 Sequential execution, for loops, function writing

Table 5.4: Concepts addressed in each task of the Bee activity

one student forgot to submit the 9
th task resolution. Figure B.1–B.9 show the answers

to the survey. Almost all students would like to do that kind of activity at school or at
home again. The worst results were for the principle of conditions, the time allowed
for the activity and the interface. For the conditions, it can be explained by the lack of
activities contaning conditions and that some activities could be solved without using
them. For the time allowed, it is normal because nobody reached the end of all tasks.
For the interface, there were several problems:
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• There wasn’t any animation when they succeeded (so some of them kept search-
ing for a solution). In the next days, zombie will eat the sunflower and laugh
when they walk on it;

• A button was missing to reinitialize the task. Concretely, there were only two
buttons for the test: start and stop. So if you stopped the execution, the character
stayed on its place and students cannot reset it to the original position (unless
they push start again, but it reexecuted the code immediatly). For the next days,
a button to restart at initial position after stopping was added.

• INGInious interface is in English and I forgot to translate some buttons so it was
hard to explain them where to click;

• The task loading time was very long (because the task loads mp3 files, pictures
and javascript files from the server that has an old configuration) and I did not
load the first task before they arrived so when they all accessed the task together
it took a lot of time to display all resources. By default with INGInious, There
are no cache options for file retrieved in the public directory of a task, so at each
task every resources had to be reloaded.

Figure 5.3: Tasks completed over time by each pair of students (March 20, 2017)

5.1.3.2 Second activity

For the second activity, there were 24 students. Students used 14 computers because
some of them preferred to be alone and one of the teacher also tried the first tasks and
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stopped at the 9
th. As you can see on Figure 5.4, only 2 out of the 14 groups did not

reach the last task of the Plant VS Zombie course, which means they didn’t tried a task
with conditions.

As you can see on Figure B.10–B.18, everyone understood the principle of sequential
execution, loops and functions and receive enough help from us to understand the
tasks. Conditions seems harder to understand for kids. A large majority of them would
like to do it again at school or at home.

Figure 5.4: Tasks completed over time by each pair of students (March 21, 2017)

5.1.3.3 Third activity

For this activity there were 24 students and who formed 13 groups. Unfortunately,
three groups did not reach the end of all tasks and one of them did not reach the
concept of condition, as shown in Figure 5.5. This time, kids liked less the interface
and they less want to solve problems using Blockly at home or at school even if there
is still a majority of them who would like to.

5.1.3.4 Fourth activity

During this activity, 19 students of first and second year of secondary and their 3 teach-
ers formed 11 groups. As you can see on Figure 5.6, the groups had really different
progression. The one who started latest is a group of two teachers. The third teacher is
a teacher of electronics who already taught his second year of secondary students C++
which explains why some groups nearly reached the end of the second course. The
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Figure 5.5: Tasks completed over time by each pair of students (part 1 March 23, 2017)

students of first year did not had any course yet so their progression is alike the one of
other days. As you can see on Figure B.28–B.36, they all understood the principles of
sequential execution, conditions and loops. A large majority of them understood the
principle of functions and would like to do it again at school or at home.

Figure 5.6: Tasks completed over time by each pair of students (part 2 March 23, 2017)
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5.1.3.5 Fifth activity

The public of the fifth activity was different, there was a class of first year of a sec-
ondary school (14 students) and 5 newcomers who formed 10 groups. As the newcom-
ers don’t speak very well French, it was hard for them to understand the explanations
of the concept or the text on the blocks or the interface. As shown on Figure 5.7, only
60% of the groups reached the end of the first course. This is worst result for the 1h30

activities, and as shown on Figure B.37–B.45 half of them would not like to do it again
at home or at school. Despite those results, there is still 80% of the participants saying
they understood the basic principles of programming, but it means that the exercises
and my explanations didn’t manage to give them the motivation to do the exercises
nor made them really interested by programming.

Figure 5.7: Tasks completed over time by each pair of students (part 1 March 24, 2017)

5.1.3.6 Sixth activity

23 students participated to the sixth activity in 12 groups. Every group reached the
concept of conditions and only three did not reach the end of the first course, as
shown in Figure 5.8. More than 80% of the kids understood the principle of sequential
execution, loops and functions, they liked the interface and would like to do this kind
of exercises again at home or at school, as shown in Figure B.46–B.54
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Figure 5.8: Tasks completed over time by each pair of students (part 2 March 20, 2017)

5.1.3.7 Seventh activity

For this activity, there were 11 groups of students. Kids came late so as there was
only one hour of activity, I preferred to take more time to solve the problems and I
didn’t ask them to complete the survey. As you can see on Figure 5.9, only two groups
reached the end of the first course. 40 minutes is a bit short to help them learn at least
the principle of sequential execution, loops and conditions. I think that at least one
hour of time is necessary to ensure that all motivated students can try once to solve a
problem containing each concept.
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Figure 5.9: Tasks completed over time by each pair of students (part 1 March 26, 2017)

5.1.3.8 Eighth activity

During this activity, there were 10 groups of kids, some accompagned by their parents.
As you can see on Figure 5.10, the tasks completed over time looks weird for two of
them. The purple one that started directly with the tasks of the Bee course because she
came with her school during the week and wanted to try to reach the end (so she was
alone), the light blue one was her little sister (7 years old) that also tried the exercises
alone. This was really nice to see that some kids really liked the activities enough to
come back and try it again, it shows that this work might really bring interest for pro-
gramming to young people.

All kids reached at least the first task that contains condition. As you can see on
Figure B.55–B.63, if we exclude the girl that was too young to participate to this activity,
every kid received enough help, would like to do it at school, find the interface easy to
use and understood the principle of loops and sequential execution. Only one group
says they didn’t understand the principle of conditions and functions and didn’t want
to do it at home.

5.1.3.9 Summary

The results of the activities are pretty nice: they show that a single person can manage
alone a class of kids (the two first activities were supervized by Olivier Goletti, but
after it, I felt comfortable enough to do it alone and the results are still good) to teach
programming. Even if we let kids learn by themselves at their own rhythm, the class
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Figure 5.10: Tasks completed over time by each pair of students (part 2 March 20, 2017)

is usually quite homogeneous in its progression. Most kids liked that introduction to
programming enough to have the desire to continue it at home or at school.

There are still improvements that are needed on the interface to be more friendly
to kids, but as the results show, as the week progresses the kids seem to like it more.
This can be explained by the fact that I took more time to explain how it worked after
seeing the main difficulties of kids. The main difficulty encountered was to know how
to switch between tasks and how to switch between courses (they didn’t look used to
navigate into a website).

5.2 how to take advantage of blockly on inginious

On Code.org and other sites of the same kind, the tests made to ensure that a task
was passed are all in the scripts given to the user. First, this technique will give all
the tests to the user (this is not a major drawback because the user is not supposed
to understand test code) but it will also run all the tests on the client side. If you do
a very big exercises which needs a lot of tests (for example if you use randomness
somewhere in the problem) and the client machine has limited resources (CPU, RAM,
battery,. . . ), doing all the tests on a server is far more convenient.

The other advantage is that you can have a feedback (as shown in Section 5.1.3)
that can help to improve the course, to know the progression of each student and
their comprehension of the concepts. This is interesting to improve a task for differ-
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ent classes, but we can imagine that if a teacher starts to use INGInious with his class,
he can use it to go back to the principles that were hard to understand for his students.

With Blockly on INGInious, you can provide two different types of feedback: one
generated from tests run in the client-side and the other from tests run in the backend.
This is powerful because if you imagine that students have to be graded from an exer-
cise of Blockly, you can give them a visual representation of the kind of problem you
want them to solve (to allow to test their code with a sample) but in the backend you
can run tests on different situation and give them a feedback (for example a picture)
of a situation where their code does not provide a working solution. This is interesting
if you want them to start thinking in a more abstract way (in which they have to think
by themselves about all possible situations).

5.3 when to avoid blockly on inginious?

Basically, Blockly on INGInious offers the same as any other educative platform if you
don’t want to see the productions of the students, if you don’t need the classrooms, if
you know that the client machine is powerful enough to run any kind of tests, if you
don’t want to bring any abstraction to kids or if you don’t want them to access their
older submissions.

For the moment, as this work is the first one for Blockly on INGInious and I was
alone to produce the content, other platforms have a wider range of content and a
community making them more interesting. INGInious does not yet support localiza-
tion to work with different languages (the platform is only available in English for the
moment, although I translated it for the duration of the activities). The support for
additional languages is under development [25] and the second edition of the Open
Week event is organized in July 2017 and proposes workshops about Blockly [26], so
more content might be created and a community of developers for Blockly on INGIn-
ious might start existing in the near future.

5.4 best practices

This section discusses the best practices that have been used and should be used. Tasks
will be introduced, then their content will be shown and afterwards there will be a
discussion on the feedback of the test.
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5.4.1 Problem presentation

Each problem should have short explanations (most kids will probably not read it un-
less you force them to, but none will if it is too long). There should not be too many
elements in the interface and they must be grouped by their actions. Each button ac-
tion must be clearly explained to all students at the moment they need to use it.

The best way to start the activity is to first log in yourself all students in the plat-
form, to put the browser in full screen mode (to avoid them to close it or to click on
buttons outside the platform) and to load the page of the first problem before they
arrive. This will allow you to start the activity by presenting them the activity and by
asking them how to solve the first problem. Once a solution has been found, you show
them the toolbox to explain the blocks and you ask them to drag-and-drop blocks into
the workspace to build their solution, you need to be clear with the fact that blocks
should be connected to each other from top to bottom (some kids tried to put them
side-by-side). Once it is done, you can ask them to press the button “Test” to show that
the code can be executed to see the result on the visual part. Once all students have
successfully done it, they can click on the submit button, wait for the green alert that
says the success. Tell them that if the alert is not green in this task or the following
ones, it is because there is a problem and they can ask for help.

Make them click on the course name on the top navigation bar to see all tasks and
tell them that they can click one the next one and do it at their rhythm. Repeat to them
that they need to use the “submit” button at the end of each task and to have the green
alert to switch to the next task. For the students that are faster, introduce the concepts
to them and once you have a certain number of students asking simultaneously for
explanation of the concept, ask for silence and explain it to the whole class. You need
to stop everyone (even those who already know it) to introduce the usage of the block
but above all the underlying concept.

If by any chance, you have the chance to work with touch screen computers (as it
was the case for some of the activities), do not hesitate to tell the kids that one kid
of each group should work with the mouse and the other should help with the touch
screen. Kids that work in group will thus be able to interact with the interface at the
same time to help each other.

5.4.2 Problem content

The problem content should introduce at most one concept. The idea is to introduce a
concept, then repeat this concept in different problems, then introduce a new concept
and use it with and without the previous concept (if possible) and so on. Try to intro-
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duce a gradually increasing difficulty, do not hesitate to make a very easy exercise first
to make the kids confident and to end with exercises that requires a lot of thinking to
be solved.

The content should use words that any kid understand, but it should also use con-
cept that are practical. For example, if you are not doing it for mathematical reason,
don’t use “turn to 90, 180, 270 degrees” but use 3 blocks, turn right, turn left and turn
around or a block turn with those parameters. For blocks, use preferably only infini-
tive verbs that have a single meaning.

Figure 5.11: Plant VS Zombie task 6

Do not hesitate to create problem that can be solved with different solutions (one
that is simple and another that requires more thinking), this will allow you to challenge
the students that are faster. For example, the sixth problem of Plant VS Zombie shown
on Figure 5.11 can be solved with 8 blocks using simple loops (shown in Figure 5.12),
but 4 blocks with the concept of imbricated loops (shown in Figure 5.13).

5.4.3 Test feedback

When you write feedback, you can do it whether during the local tests, or after the
backend tests or both. Those two feedbacks do not have the same content, during a
local test, the best is to display a very short sentence (because kids will have to read
it at the same time as they look at the visual animation) to say the rule that was not
respected.
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Figure 5.12: Solution to task 6 of Plant
VS Zombie using simple
loops

Figure 5.13: Solution to the task 6 of
Plant VS Zombie using
imbricated loops

In the backend feedback, you need to contextualize the situation in which a problem
occurs. Do not hesitate to be verbose by showing a predefined example of such errors
or by writing multiple sentences to explain the problem. Kids will pay attention to it
because you (should have) told them that they cannot go to the next problem if they
don’t have a green alert that say they have succeeded.

5.5 mistakes to avoid

During the first activity, there was no limitation in the number of blocks that could
be dragged in the workspace, leading to students passing tasks without using the con-
cept newly introduced. As the tasks gradually become more difficult to solve, they get
stuck because they didn’t use the concept on a simple problem. All problems have to
be limited in number of blocks to ensure that students will be forced to use the concept
at least once.

Never try to explain something to a kid that has a mouse in his hands. He will not
be concentrated for your explanation or at least not until the end. Do not hesitate to
put yourself as if you were the character they are trying to code to keep his attention
out of the screen. Usually, when a kid is stuck on a problem, it is because he does not
visualize the effect of each of the blocks and if the execution on the screen failed to
help, it is preferable to explain it from a completely different point of view.
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5.6 summary

Blockly in INGInious allows one person to teach programming concepts to a full class
of kids, making a vast majority of them understanding and succeeding tasks that
requires the concepts of sequential execution, loops and conditions in activities of
approximately one hour. Kids participating to activities with Blockly on INGInious
showed an interest in doing it again at home or at school.





6
C O N C L U S I O N

6.1 related work

6.1.1 BlockPy

One of the most interesting project I discovered during my researches was BlockPy [27],
it is a Python environment designed for Data Science that lets you work with text,
blocks or both. And by both, it really means both: you can use blocks and it will be
translated to Python (as it is done here on INGInious), but if you write Python with-
out syntax errors, it will parse it to get an abstract syntax tree and transform it into
blocks.It is developed at Virginia Tech and it has the main developer of Blockly as
contributor. It also allows to see step-by-step execution with values of variable at each
step. Those features are really interesting if we want Blockly on INGInious to serve as
a springboard for kids to learn to code with a real-world language.

6.1.2 Code.org

The most advanced project to teach programming concepts to kids using Blockly is
the platform Code.org, it does not share the same technologies as INGInious but the
architecture of the library to create new problems is well structured and should be
inspiring if we want to develop more content for Blockly on INGInious.

6.2 further work

During the summer holidays, the second edition of an event called the Open Week
will be organized. This event is made to develop more content for INGInious and to
make computer science students discover the world of open-source projects. This year,
Blockly on INGInious is one of the topic proposed to the participants. It is an occasion
to create a community of developers to provide more content on the platform and to
improve the existing interface.
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6.2.1 Blockly for INGInious

Most tasks created for Blockly share a common logic (visual animations, movements
blocks,. . . ) thus it would be interesting to build a library with different abstract classes
for common tasks to facilitate the creation of new tasks.

6.2.2 INGInious

INGInious is lacking some features, for example navigating to the previous or next
tasks of the same course, hiding the panel that show information on a task page (to
win some space on the screen). It was not made to use it for activity with supervision
so there are no real-time information about the progression of students (this could
help of the teacher to know the progression of its class without having to keep an eye
on each screen). Support for multiple languages (at least English and French) is also
very important to reach kids from Belgium. It would also be interesting to provide a
way to connect to the existing platform (that is currently limited to UCL students) to
any kid wanting to learn programming with Blockly on INGInious by themselves.

6.3 conclusion

INGInious, an education platform that provides automatic code grading to assess pro-
gramming assignments in a secure environment at Université catholique de Louvain
was extended to provide content for kids. This content has been brought thanks to the
usage of a visual programming language, Blockly. This thesis work regroups:

1. An overview of the existing visual programming languages aimed to kids;

2. A description of the tools used, namely INGInious and Blockly;

3. A high-level description of the implementation that allows to integrate Blockly
problems inside INGInious;

4. A discussion of the results of activities organized with more than 150 kids and
the best practices learned from this experience.

First, I investigated the different visual programming languages to choose the one
that was the more convenient to integrate in INGInious. The choice went for Blockly
because it is the only visual programming language available on the web that was
made to be integrated inside another platform and that provides a library to commu-
nicate between its interface and the platform that contains it. It is also the one that
was most able to take advantage of the automatic code grading feature provided by
INGInious.
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Once the choice of visual programming language was made, I integrated it to the
existing implementation of INGInious, avoiding to modify any of its existing features.
Simple content without visual representation of the problem was first added, followed
by content where the solution can be executed in the web browser to display a visual
representation of the problem and animate it, using an interpreter. The blocks can be
translated to a textual programming language thanks to the Blockly library, and this
translation was used to test the program with INGInious.

The implementation was tested and improved thanks to activities organized during
the Printemps des Sciences with more than 150 kids. Two tasks were proposed to help
kids learn core programming concepts: sequential execution, loops, conditions and
functions. Two courses were created to introduce those concepts and the platform was
proven to allow a single teacher to make a large majority of kids work by themselves
to use and understand those concepts. The activities helped to draw the outlines of the
best practices and the common mistakes faced when teaching programming to kids
with a platform.

From a personal point of view, this work was rewarding because I found it nice
to share my passion with kids. It was challenging because it is not an easy work
to integrate a project inside another, and to make the result of the implementation
accessible to kids. It was also challenging to teach programming to a class of kids
because it is not something that we learn in our computer science courses and I had
the chance to “learn it by doing”.
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A
A P P L I C AT I O N S B A S E D O N B L O C K LY

Blockly blocks work nicely for a wide range of domains. They are used in a lot of
applications, including:

blockly games : Little games to introduce the usage of Blockly to kids

app inventor : Creation of Android Application using drag-and-drop and blocks

code .org : Educative website using Blockly to make characters interact with their
environments in a visual part of the screen, widely used for the Hour of Code
event.

ozoblockly : Blockly is used to program the OzoBot, a robot with sensors and mo-
tors, design for 6+ years old kids.

micro :bit : A collaboration between the UK, the BBC and Microsoft to offer a free
pocket-sized codeable computer with many sensors to children in the UK and a
website to code programs for it.

codebug : A wearable device powered by a watch battery built after a Kickstarter
project.

wonder workshop : A project where two robots (Dash and Dot) can be used alone
or to interact with each other (you can write code to control Dash from the
buttons on Dot).

open roberta : A website to write programs using Blockly for multiple type of
robots (NAO, micro:bit, Bot’n roll, Calliope, NXT, EV3) with a simulator for each
of them.

made with code : A Google platform to help encourage the passion of science to
teen girls.

all can code : A website made for kids to learn programming with cartoons char-
acters that you help to do their adventures.

learn to mod : A website made for kids to create mods for Minecraft (29.99$/year),
developed by Multi-Dimensional

gamefroot : A web-based application to program 2D games and share it (everything
is stored in the cloud).
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https://blockly-games.appspot.com/
ai2.appinventor.mit.edu
https://code.org/
http://ozoblockly.com/
http://microbit.org/
https://www.codebug.org.uk/
https://www.makewonder.com/
https://lab.open-roberta.org/
https://www.madewithcode.com/
https://www.allcancode.com
https://www.learntomod.com/
http://make.gamefroot.com/
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gameblox : A web application to make small 2D games developed by the MIT.

scriptr : A web application for companies that want to build scripts for IoT, Social
networks,. . . or to let their customers build them.

nova pbs : Games related to cyber security, new technologies and tech enterprises.

code spells : A 3D game where you can create magic spells with code, developed
by Multi-Dimensional.

thymio : A moving robot with multiple sensors and buttons that can be programmed.

https://gameblox.org/
https://www.scriptr.io/
http://www.pbs.org/wgbh/nova/labs/lab/cyber/
https://codespells.org/
https://www.thymio.org/
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R E S U LT S O F T H E S U RV E Y

b.1 first activity

81.82 %

Yes

18.18 %

No

Figure B.1: “Would I have needed more time to
do the exercises?”

81.82 %

Yes

18.18 %

No

Figure B.2: “Did I understand the principle of
sequential execution (execution of
the blocks one after the other)?”

63.64 %

Yes

36.36 %

No

Figure B.3: “Did I understand the principle of
conditions? (If . . . do . . . otherwise)”

100 %Yes 0 % No

Figure B.4: “Did I understand the principle of
loops? (repeat . . . )”
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72.73 %

Yes

27.27 %

No

Figure B.5: “Did I understand the principle of
functions? (Set of blocks with a
name)”

72.73 %

Yes

27.27 %

No

Figure B.6: “Was it easy to use the interface?
(Move the blocks, test the code,
. . . )”

90.90 %

Yes

9.10 %

No

Figure B.7: “Do I want to do other exercises
(games to solve with blocks) at
home?”

81.82 %

Yes

18.18 %

No

Figure B.8: “Do I receive enough help to be able
to understand the tasks?”

90.90 %

Yes

9.10 %

No

Figure B.9: “Would I like to do this at school?”

b.2 second activity
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53.33 %

Yes

46.67 %

No

Figure B.10: “Would I have needed more time
to do the exercises?”

100.0 %Yes 0.0 % No

Figure B.11: “Did I understand the principle of
sequential execution (execution of
the blocks one after the other)?”

80.0 %

Yes

20.0 %

No

Figure B.12: “Did I understand the prin-
ciple of conditions? (If . . . do
. . . otherwise)”

100.0 %Yes 0.0 % No

Figure B.13: “Did I understand the principle of
loops? (repeat . . . )”

100.0 %Yes 0.0 % No

Figure B.14: “Did I understand the principle of
functions? (Set of blocks with a
name)”

86.67 %

Yes

13.33 %

No

Figure B.15: “Was it easy to use the interface?
(Move the blocks, test the code,
. . . )”
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73.33 %

Yes

26.67 %

No

Figure B.16: “Do I want to do other exercises
(games to solve with blocks) at
home?”

100.0 %Yes 0.0 % No

Figure B.17: “Do I receive enough help to be
able to understand the tasks?”

86.67 %

Yes

13.33 %

No

Figure B.18: “Would I like to do this at school?”
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b.3 third activity

69.23 %

Yes

30.77 %

No

Figure B.19: “Would I have needed more time
to do the exercises?”

100.0 %Yes 0.0 % No

Figure B.20: “Did I understand the principle of
sequential execution (execution of
the blocks one after the other)?”

92.31 %

Yes

7.69 %

No

Figure B.21: “Did I understand the prin-
ciple of conditions? (If . . . do
. . . otherwise)”

92.31 %

Yes

7.69 %

No

Figure B.22: “Did I understand the principle of
loops? (repeat . . . )”
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76.92 %

Yes

23.08 %

No

Figure B.23: “Did I understand the principle of
functions? (Set of blocks with a
name)”

69.23 %

Yes

30.77 %

No

Figure B.24: “Was it easy to use the interface?
(Move the blocks, test the code,
. . . )”

69.23 %

Yes

30.77 %

No

Figure B.25: “Do I want to do other exercises
(games to solve with blocks) at
home?”

92.31 %

Yes

7.69 %

No

Figure B.26: “Do I receive enough help to be
able to understand the tasks?”

76.92 %

Yes

23.08 %

No

Figure B.27: “Would I like to do this at school?”
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b.4 fourth activity

54.55 %

Yes

45.45 %

No

Figure B.28: “Would I have needed more time
to do the exercises?”

100.0 %Yes 0.0 % No

Figure B.29: “Did I understand the principle of
sequential execution (execution of
the blocks one after the other)?”

100.0 %Yes 0.0 % No

Figure B.30: “Did I understand the prin-
ciple of conditions? (If . . . do
. . . otherwise)”

100.0 %Yes 0.0 % No

Figure B.31: “Did I understand the principle of
loops? (repeat . . . )”



70 results of the survey

81.81 %

Yes

18.19 %

No

Figure B.32: “Did I understand the principle of
functions? (Set of blocks with a
name)”

63.64 %

Yes

36.36 %

No

Figure B.33: “Was it easy to use the interface?
(Move the blocks, test the code,
. . . )”

81.81 %

Yes

18.19 %

No

Figure B.34: “Do I want to do other exercises
(games to solve with blocks) at
home?”

81.81 %

Yes

18.19 %

No

Figure B.35: “Do I receive enough help to be
able to understand the tasks?”

81.81 %

Yes

18.19 %

No

Figure B.36: “Would I like to do this at school?”
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b.5 fifth activity

60.0 %

Yes

40.0 %

No

Figure B.37: “Would I have needed more time
to do the exercises?”

80.0 %

Yes

20.0 %

No

Figure B.38: “Did I understand the principle of
sequential execution (execution of
the blocks one after the other)?”

80.0 %

Yes

20.0 %

No

Figure B.39: “Did I understand the prin-
ciple of conditions? (If . . . do
. . . otherwise)”

80.0 %

Yes

20.0 %

No

Figure B.40: “Did I understand the principle of
loops? (repeat . . . )”
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70.0 %

Yes

30.0 %

No

Figure B.41: “Did I understand the principle of
functions? (Set of blocks with a
name)”

60.0 %

Yes

40.0 %

No

Figure B.42: “Was it easy to use the interface?
(Move the blocks, test the code,
. . . )”

50.0 %

Yes

50.0 %

No

Figure B.43: “Do I want to do other exercises
(games to solve with blocks) at
home?”

80.0 %

Yes

20.0 %

No

Figure B.44: “Do I receive enough help to be
able to understand the tasks?”
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50.0 %

Yes

50.0 %

No

Figure B.45: “Would I like to do this at school?”
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b.6 sixth activity

50.0 %

Yes

50.0 %

No

Figure B.46: “Would I have needed more time
to do the exercises?”

83.33 %

Yes

16.67 %

No

Figure B.47: “Did I understand the principle of
sequential execution (execution of
the blocks one after the other)?”

66.67 %

Yes

33.33 %

No

Figure B.48: “Did I understand the prin-
ciple of conditions? (If . . . do
. . . otherwise)”

83.33 %

Yes

16.67 %

No

Figure B.49: “Did I understand the principle of
loops? (repeat . . . )”
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83.33 %

Yes

16.67 %

No

Figure B.50: “Did I understand the principle of
functions? (Set of blocks with a
name)”

91.67 %

Yes

8.33 %

No

Figure B.51: “Was it easy to use the interface?
(Move the blocks, test the code,
. . . )”

83.33 %

Yes

16.67 %

No

Figure B.52: “Do I want to do other exercises
(games to solve with blocks) at
home?”

83.33 %

Yes

16.67 %

No

Figure B.53: “Do I receive enough help to be
able to understand the tasks?”

83.33 %

Yes

16.67 %

No

Figure B.54: “Would I like to do this at school?”

b.7 eighth activity
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50.0 %

Yes

50.0 %

No

Figure B.55: “Would I have needed more time
to do the exercises?”

90.0 %

Yes

10.0 %

No

Figure B.56: “Did I understand the principle of
sequential execution (execution of
the blocks one after the other)?”

80.0 %

Yes

20.0 %

No

Figure B.57: “Did I understand the prin-
ciple of conditions? (If . . . do
. . . otherwise)”

90.0 %

Yes

10.0 %

No

Figure B.58: “Did I understand the principle of
loops? (repeat . . . )”

80.0 %

Yes

20.0 %

No

Figure B.59: “Did I understand the principle of
functions? (Set of blocks with a
name)”

90.0 %

Yes

10.0 %

No

Figure B.60: “Was it easy to use the interface?
(Move the blocks, test the code,
. . . )”
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80.0 %

Yes

20.0 %

No

Figure B.61: “Do I want to do other exercises
(games to solve with blocks) at
home?”

90.0 %

Yes

10.0 %

No

Figure B.62: “Do I receive enough help to be
able to understand the tasks?”
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Figure B.63: “Would I like to do this at school?”
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