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Abstract

When looking at the field of applications to create animations and videos with the
perspective of someone who wants to tell a simple animated story, we can note that
such software tends to be more complex than what would be needed for such a simple
need and this, in turn, makes it difficult to successfully use such applicatiors in this
field.

One of the most important features that the software mentioned abovesometimesis
lacking is the possibility to abstract and personalize the main concepts useful for the
description of a story. There are specific software that have such featue but they
are either too specific(for example only for the creation of comics) or too generic (for
instance for the creation of games animations and similar).

Therefore, with this thesis, we want to address such gap by providing tools to simplify
the process to build an application targeted at the creation of animated stories.

ACT T A dSefitshal 16 O11 OOET T EO AEAEEAusOwvedI

decided to design anintermediate languagethat abstracts the main conceptsuseful

for the description of the story/animation , being flexible and independent from both

the specific application user interface and the execution model. This allows
programmers to focus on their specific needsin terms of storytelling, delegating a

significant part of the technical details to our solution.

To validate our approachand provide an example of useof Intermediate Language
we also applied it to the design and implementation of an application for staytelling
that is easy to useand follows some requirements. The application allows to create
and animated stories or life events,using your own imagination and your own voice,
and to share or rewatch them at any time. This can be useful fordifferent kinds of
use cases, likaehabilitation or playing time for people with intellectual disabilities
or children.

The created application starts from a story in a personalized graphical language and
leverages theintermediate languageto generatea Scratch exeatable file. With tests

on the field, we showed that the application can bereally useful for the people with

intellectual disabilities .

El



Sommario

Guardando al campo delle applicazioni per creare animazionio video dal punto di
vista di chi necessita diraccontare una semplice storia animatasi puo notare come
tali software tendano ad essere piu complessi di quanto sarebbe necessarioahe
guesto renda diffi cile utilizzare con successo tali applicazioni in questo campo.

| software sopra menzionati sono, talvolta, privi della possibilita di astrarre e
personalizzare i concetti principali utili alla descrizione di una storia. Esistono
software o piattaforme chedispongono di tali funzionalita, ma sono o troppo specifici
(solo percrearefumetti) o troppo generici ( per crearegiochi e animazioni complessg.

Con questa tesi vogliamo quindi colmare tale lacuna fornendo strumenti per
semplificare il processo direalizzazione di un'applicazione mirata alla creazione di
storie animate.

Poichéci e chiaro quanto realizzare una buona soluzioneadatta a tutti gli scenari sia

difficile in questo campo, abbiamo deciso di progettare un linguaggio intermedio che
astraggai concetti principali utili per la descrizione della storia o0 animazione, essendo

flessibile e indipendente sia dall'interfaccia utenteche dal modello di esecuzione. Cio
consente ai programmatori di concentrarsi sulle proprie esigenze specifiche in
termini di storytelling, delegando una parte significativa dei dettagli tecnici alla

soluzione proposta.

Per confermare la bonta del nostro approccio e fornire un esempio di utilizzo del
Linguaggio Intermedio (LI), abbiamo realizzato un software per il "digital
storytelling” che sia facile da usare e che rispetti alcuni requisiti preposti.
L'applicazione consente di creare e animare storie o eventi quotidiani, utilizzando la
propria immaginazione e voce, e di condividerli o rivederlionline. Questo puo essere
utile per diversi casi d'uso, come la riabilitazione o il gioco per persone con disabilita
intellettive o bambini.

L'applicazione creata parte da una storia in un linguaggio graficaealizzato ad hoce
sfrutta il LI per generare un file eseguibiledalle piattaforme Scratch. Con i test svolti
sul campo, abbiamo dimostrato che l'applicazione pud essere davvero utile per le
persone con disabilita intellettiva.
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Sectionl z Introduction

1 Introduction

In this Section, we will present the motivations behind the topic for the thesis, and
an overview ofthe aims of our work.

We will also briefly describe the structure of this document.

1.1 Motivation

The evolution that has taken place in recent years in the field of technology has
radically changed the way of building and organizing an abundance of information,
which has implications both in social and scientific terms, and it has not left the field
of storytelling untouched.

Digital Storytelling is a relatively new form of personal expression and art, evolved
over the last decade, which ugss video, music, picture and narration to create personal
short video stories about people’s lives, their work and their experiences, shared with
peers and online.

When looking at the field of applications to create animations and videos with the
perspective of someone who wants to tell a simple animated story, we can note that
such software tends to be more complex than what would be needed for such a simple
need and this, in turn, makes it difficult to successfully use such application in this
field.

For instance, on one hand, tools for presentations (e.g., Microsoft PowerPoint) allow

to create animatedand interactive sequences of moving objectdike texts and images
and to personalize the content, but they do not abstract concepts like characters,
scenes backgrounds, dialogs because every page and every object of a page are
independent.

On the other hand, video editing tools (e.g., Windows Movie Maker) allow to creae
sequences of images or videosnoving text on it, but they lack the possibility to
interact with them, and do not abstract concepts like characters, acts/scenes,
backgrounds, dialogs type of actionsetc.

One of the most important feature sthat the software described aboves lacking is the
possibility to abstract and personalizethe main conceptsuseful for the description of
a story. There are specificsoftware or platforms that have suchfeature, but they are
either too specific or too generic.
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For instance, tools for the creation of animations, like Scratch (describedin Section
2.1.1and Section 2.3.}, are too generic becausethey allow the creation of games or
complex animations, sothey are more powerful, but they add a lot of complexity for
our precise purpose.

While tools for the creation of static stories, like Pixton (as seenmn Section 2.3.}, are
too specific becausethey only allow to create static story (like comics), so they lack
the possibility to describe movements and actions

1.2 Aims

Therefore, with this thesis, we want to address such gap by providing tools to simplify

the process to build an application targeted at the creation of animated stories.

"AAAOOA xA O1T AAOOGOAT A OEAO A CITA OITA EEOC
this field, we desigred an intermediate languagethat abstracts the main concepts

(e.g., definition of the various phases of story, selection of custom images for
background and characters, recording of voice or sounds being flexible and
independent from both the specific application user interface and theunderlying

execution platform . This dlows programmers to focus on their specific needs in terms
of storytelling, delegating a significant part of the technical details to our solution.

Moreover, employing such astraction level allows to adapt to new or changedneeds
more easily, both from a requirements/storytelling perspective and from a
technological one, so that the time needed to perform such changes, if needed, can
be significantly reduced.

To validate our approach, we also applied it to the design and implementation of an
application for storytelling that is intuitive and easy to use even for people with
intellectual disabilities.

The application allows to create and animated stories or life events,using your own
imagination and your own voice, and to share or rewatch them at any time. This can
be useful fordifferent kinds of use cases, likeehabilitation or playing time for people
with intellectual disabilities or children .

This application was testedon the field thanks to the collaboration with educators,
volunteers, and people with intellectual disabilities from the Esagramma! and
Amicinsieme? associations. During theexperiments, the subjects have created stories

!Fondazione Sequeri Esagramma Onlushttps://esagramma.net/
2 Associazione Amicinsieme:http://amicinsiemelipomo.altervista.org/
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using their voice and imagination to animate it. This approach can support both
educators and their patients, in several ways

1.3 Outline

This document is structured asfollows.

T

Section 2 will provide information on relevant works or literature addressing
problems related to the one tackled in the thesis

In Section 3, the intermediate language will be analyzed in detail, describing

basic ideaand architecture, with its various components.

Section 4 will contain the description of the case of study (desktop

application).

In Section 5, the user interface of the application will be presented.

Section 6 will provide some implementation details of the case of stdy.

In Section 7, the results of experiments carried out to evaluate the performance
and the aims of the appwill be described.

Section 8 will contain the final comments and directions for possible future

evolutions of the work.
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2 Background and Related Works

In this Section, we will present relevant works addressing problems related to the one
tackled in the thesis.

2.1 Graphical Languages

A general analysis of graphical languageis presented in this Section, mainly focused
on Scratch.

2.1.1 Scratch

Scratch is an online community and a programming language made of @oding
blocksg from Massachusettsinstitute of Technology (MIT) where users specially
young people) can program and share interactive media such as gamesand
animations, with people from all over the world. The usersuse Scratch to code their
own interactive stories, animations, games etc. and, in the process, they learn to
think creatively, reason systematically, and workcollaboratively (Figure 2.9 showsan
example ofthe Scratch tool). The Scratch Wiki® contains many piecesof information

about the Scratch programming languageand in (Maloney, et al., 2010Xhe authors
explore the Scratch pogramming language and environment

b
)

Figure 2.1- Example of Scratch blocks

The Scratch graphical language ismade of blocks, that have different colours
according to the category they belongto. The categores are: Motions, Looks, Sound
Events Control, Sensingand Operators. In Figure 2.1 an example of the use of Scratch
blocks is shown the first block is an Eventblock, the second and the fourth are two
Motions blocks, the third is a Control block and the last one is aLooksblock.

3 Scratch Wiki: https://en.scratch -wiki.info/wiki/Scratch_Wiki_Home

4
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In the right -top corner of Figure 2.1is also shownthe Sprite the blocks are associated
to (a hedgehog) Sprites are the objects that perform actions in a Scratch project,

while Stageis the background of the project, they both can have scripts, costumes,
and sounds.Users can give instructions to a sprite (such as telling the sprite to move)
by snapping blocks together in the scriptsarea (the Figure 2.1is a part of the script

area of the hedgehog sprite).In the Figure 2.2 we can see thescreen of the Scratch
project before (left side) and after (right side) the action of the blocks showed in
Figure 2.1are performed.

Sprite  Hedgehog - X -150 I y -50 Sprite  Hedgehog - x 0 I y -50

Show @ & Size 100 Direction 90 Show @© & Size 100 Direction 90
-a- Backdrops E
2 c 2
Hedgehog Hedgehog

Figure 2.2 - Example of Scratch blocks execution

In (Fradrich, et al., 2020)the authors present acatalogue of ®&ug patternsdbased on
common misunderstandings and programming errors in Scratch.In the paper there
are three different type of patterns: bugs that are effectively syntax errors, bugs that
can occur in any programming language; and bug paterns that are specific to Scratch.

The authors of (Stahlbauer, et al., 2019¥lescribe the Scratch Programming Language
with a syntactic model, a semantic model and from the user perspective. In the paper,
a formal framework that defines Scratch programsand testing is introduced. The
paper also focused orempirical evaluation of the feasibility of Scratch testing and the
effectiveness of Whisker (a concrete instantiation of the formal Scratch testing
framework) on Scratch projects inthe use of theautomatic tests for auto-grading.
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2.1.2 Tools and literature

Scratch is built on the Blockly* code base a Google project. Blockly is a library that

adds a visual code editor to web and mobile apps and allows users to alyp
programming principles without having to worry about syntax. The editor (an

example is showed inFigure 2.3) represents coding concepts as interlocking blocks.
Similarly to Scratch, there are different types ofblocks represented by colors in

Figure 2.3 it is possible to see the different types of bloclks on the left side and an

example of blocks usage in the middle It outputs syntactically correct code in a

programming language of choice(e.g.,JavaScript, Lua, Dart, Python, or PHP, but it
can also be customized to generate code in any textual programming languagedn

the right side of Figure 2.3 there is an example of theJavaScpt code corresponding

to the stack of blocks

Logic i : riptv

Lo(g)ps se[m .‘n Language: JavaScript v
(=== while * - =1 var Count;

Math e Y ]

Text do | print | ¢ [GETNSED > Count - 1.

Lists set TR o | while (Count <= 3) {

window.alert('Hello World!"');
Color Count = Count + 1;

}

Variables

Functions

Figure 2.3 - Blockly example

There is a number of articles aboutBlockly, we focused more on ones that offer tips
or suggestiors related to graphical languagein general. We mention a few of them
below.

In (Fraser, 2015)he author describes some suggestiomand mistakes not to be made
and some interesting solutions, applicable to block-based programming in genera)
collected after a4-year analysismade on BlocHy.

The authors of (Pasternak, et al., 2017propose the steps tofollow to create a block
language based on Blochy (but which can also be adapted for a generic graphical
language) in terms of:lists f NOAOOET T O O AECOOA 1T OGndxEI

4 Blockly web page:https://developers.google.com/blockly

Ui
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what your overall goals are, how to choose vocabulary and gramar, consistency,
default values and testing.

In the same way of Scratchthe Blockly editor, that is it is a ready-made Ul for creating
a visual language that emits syntactically correct usegenerated code, uses
interlocking blocks to represent code concepts, including variables, logical
expressions, and loopsthus it would be interesting to underline the main differences
between the two. In Figure 2.4° a comparison between Scratch and Blockly is
summarized with a table. There is only a small clarification to add regarding the first
row of the table: Scratch also allows to create custom block®ut it is less powerful
and less flexide (and it is only possible to create a custom block for a sprite/stage at
a time, not sharedbetweenthem) th an the one in Blockly, while Blockly offers amore
powerful tool that permits the creation of a totally custom blocks: Block Factory.We
can notice that Blockly is more focused on the translation of the projects directly into
other languages, while Scratch is more focused in concrete projects with good
animations and effects.

Scratch Blockly

allows users to create custom blocks X
can translate directly into other languages X
makes syntax errors impossible X X
usable in your browser X X
downloadable on your PC X X
user community for code sharing X

great for making animations X

great for doing math X X
great for complex/abstract projects X
put a coding enviroment on your webpage X

useful for first-time coders X X

Figure 2.4 - Scratch vs Blocky

In (Merwe, et al., 2019)the authors propose aconceptual framework of research on
OEOOAT 1 AT COACA OPAAEAAAOGEIT 1 AT COACAOR AA
various studesi OEEO £A1 Ah AAOAAOAE OEA OPBAGMAAOEI
In the paper the authors also focused on how the conceptual framework can be used

for different purposes, like creating comprehensive lists of features that can be used

to characterize o0 A OA1 OAOA OPAAEAAAOEIT 1 AT COACAOS

5 Taken from https://www.robotlab.com/blog/blockly -vs-scratch-whats-best-for-me
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A concise description of the conceptual framework of research on visual language
Ob A A E £A A O E lisishownAr Figuie®2 5, Anax was taken from the paper.

.

H
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Figure2.5- A summary of the conceptual framework

All six themes of the framework are focused on visuall AT COACA ODPAAE AA
languages We briefly describe them following the order of Figure 2.5: (1) the theme
04111066 &£ AOGOGAOGC 11 Al DIGAIOO 1AL OEEBHEWEEA ODERT T,
applicationsd £ AOOAO 11 OOEI EUAOEITT 1T &£ OPAAEAAAOE
language; 3) @i AOOE AAAQEI 1T 1 A& fochse® @ Aclassifying TvisldlA CA O

I AT COACAO OOET ¢ DPOIT PAOGEAbgudgeE(4 IR AGEARDEA A
language®EAO AO | AET O1 PEAO 1T £ OAOAAOAE DOI PAO
language: (5)BDAAE EAAOET 1 06 AAT OAOO ADABIEAAOERT G A
visual languages and their properE A O NVisuad IQATOCOACA 11 AAT 06 A&l A«
OEOOAT 1 AT COACA 11T AAT O OODPDDPT OOAA AU OEA ODA
In (Dann, et al., 2012)he Alice programming language and the translation from the

Alice 3 abstract syntax tree into Java codare presented.Alice is an objectbased

educational programming language with an integrated development environment.

‘ Camera View
= = Sene Scene
| B camera 3

3mars mowe drecton P pmoure P

smar s moveloward tapet P amout P9

arers 0 -
swamowiol Methods Panel
s s place &

Figure 2.6 - Example of Aice Code Editor
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The Figure 2.6 (taken from Alice web site®) shows an example of theAlice Code Editoy

where the user can build a program to create animations or gameslhe Camera View
displays the Scene that has ben built. In the Methods Paneleach block represents a
method of the object currently selectedthat can be used in the Editor. A method is
an action performed on or by an object (for instance animal, person, propetc.). The

Methods are divided in two categories: procedures (perform an action), and
Functions (ask a question or compute a value).n the Editor panel, method and

control blocks are dragged and dropped into place for the creation of program
instructions (the script for the animation).

Alice usesa drag and drop environment to create computer animations using 3D
models. In the paper Alice is alsocompared with Greenfoot’, that is an interesting

interactive environment that enables students to develop 2D graphic applcations
based on Java.

2.1.3 Remarks

We based our work mainly on Scratch taking inspiration from it and using it as a
target language forthe case study We choose Scratch because it isvery good at
making animations, easy to useand it contains all the features that we need for the
target language. All the papers related to Scratch andmany of the contents of the
Scratch web sitehave beenuseful for this thesis, in particular for the characterization
and the translation to Scratch flesin the application, and alsoto inspire conceptsand
ideasthat are present inthe intermediate language.

The other papers werealso useful for the creation of the graphical languageof the
application and the intermediate language design; Indeed, they provided tips and
suggestiors for the creation of the graphical language of our case study and for the
interaction with Scratch.

6 Alice official web site: https://www.alice.org/
7 More information about Greenfoot can be found here: https://www.greenfoot.org/home
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2.2 Describing processes: BPMN

We decided to take inspiration from the BPMN® 2.0 language that has beenwidely
adopted in the recent years as one of the standard languages for visuapresentation
of business processesfor the description and an example of the graphical
representation of our Intermediate Language.

2.2.1 BPMN

The Business Process Model and Notatin (BPMN) standard allows the modelling of
business processes involvingone or more organizations, providing a graphical
notation to specify business processes in 8usiness Process Diagram (BPD).

The BPMN is basically a derivation of the formalism of theflow charts but with some

additions and modifications that allow to overcome some limits in the modeling of

business processeslts primary goal is to create astandardized bridge for the gap

between process design and process implementation in order to eirely automate

the business process management lifecycle, but it can be used al$o describe other

type of processes.In Figure 2.7 (taken from the web site® suggestedin O" 0 - .
AOAxET ¢ AGAIl bl ABPMN WeA 4ité)Ean bxanpkE of GrEAfnazon order

fulfil Iment process is shown,that describesa hypothetical processto order an item

from Amazon (£0T 1 OEA AOAAEO AAOA Al i PAT UR AOOOI
perspective).

Amazn

Figure 2.7 - Example of BPMN 2.0

8 Business Process Model and Notationhttps://www.bpmn.org/
9 https://www.businessprocessincubator.com/content/amazon-fulfillment/

10
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2.2.2 Syntax and semantic

Sincethe syntax of our Intermediate language has been inspired by BPMN, for the
formal description of its syntax and semantic we took inspirationfrom other related
research,and we modified them for our needs.

In (Tiezzi, et al., 2018)the authors describe the BPMN collaborations syntax and

formal operational semantics. Their main effort was defining the operational
semanticsby relying on the notion of Labeled Transition System (LTS) keeping the

formaliz ation easy to understand andeffectively exploitable. In the paper they use the
formalization of BPMN forthe OAOE £AAAOET T 1T £ POl PAOOEAO 1 £
models expressedin terms of LTL!!formulae (as noted in the paper,an LTL model

checker already exist9.

The authors of (Tan, et d., 2017)started from the idea, proposed in (Ouyang, et al.,
2007)and (Ouyang, et al., 2008) to map a BPMN model into a Peti net (Figure 2.8
shows an example of Petri né taken from the latter paper) and, considering that as
good solution, they decided to expand it For the authors there are two main
advantages of using Petri nets: (1)it is not just a graphical representation but alsoa
mathematical modeling language that has precise execution semantics and (2)
decades of research in Petri netéPN) offer acknowledgedtheories to support analysis
of Petri-net specified systems

‘Send Send
*l Invoice Invoice
o & t2 ) ( t1
Prepare “Prepare |
Shipment ‘27" Shipment —C
i. Workflow net in an ii. Workflow net after
initial marking transition t1 fires

Figure 2.8 - Sample of worlkow net in two dfferent states

Petri net is a directed bipartite graph with place and transitions, represented by
circles and rectangles, respectively (sedrigure 2.8). Places and transitions are
connected with directed arcs. Thetransition s can have an input place (the place that
connects to the transition) and an output place (the place that is connected from a
transition). Tokens, represented by dots are located in places in Petri Nets. Each
transition can fire only when there is at least one token for each input place of the
transition. When a transition fires, it removes a token from each input place of the
transition and puts a token to each output place of the tansition. A marking of a PN

10BackusNaur Form
1Y inear temporal logic

11
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is given by a vector that represets the number of tokens for all the places.The one
described here is one of the most commonly used definitions of Petri Nets, but there
exist many possible variations, involving different kind s of tokens (e.g., coloured
tokens), transition fire rules, etc.

2.2.3 Remarks

The syntax definition of the intermediate language is based on the work made in
(Ouyang, et al., 2007)and obviously adapted to our need because ourlntermediate
Language takes inspiration and concepts fromBPMN even if, it is important to
underline, it is not a BPMN model.

We define also a semantic for our intermediate language because, asrt of our future
works in the field, we would like to create a modetchecking algorithm that permits
to check if all the properties that the Intermediate Language needto fulfil (described
with the syntax) are respected For the definition of the semantic we follow the
suggestions and ideas ofTan, et al., 2017and (Ouyang, et al., 2008)because, as the
authors have pointed out, Petri nets havewell-established theories to support analysis
and verification of the properties, while the Model Checking algorithm for LTL,
suggested as semantiaefinition for BPMN from the other authors, is particularly
complex and therefore little used.

12
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2.3 People with intellectual disability and Sorytelling

In this Section we presenta brief discussion about storyelling from both the point of
view of the alreadyavailable tools andthe one of the relevant literature on the field.

2.3.1 Tools

The existing software for storytelling are basically of two types: the ones that permit

to create animated stories and the ons OEAO DA O E &atidl OO DEBD 8O 7
decided to focus on software that let the user personalize a lot the story and record

voices and thus selected the following examplesfor the two types: Scratch for the

animated story, and Pixton for the static ones

Scratch, introduced in Section 2.1.1is a powerful language to create gamesand
animations. As shown in Figure 2.9, leveraging the Scratch Editor,the user can create
the content of the work as sets of stacked blocls. The colour of the blocks changes
with their meaning, and they can be inserted in a sort of blank sheetthere is one
sheet for every subject(in the example below there are two subjecs) and one for the
Stage.The user can add every type of subject in the project selecting from existing
ones or choosirg from images on their computer; the sameholds for sounds and stage
images.

@D @~ o # v a0 e

r =
Backpack G e

Figure 2.9 - Scratch online editor

With Scratch, the user can create a totally personalized story selecting existing
characters and background, adding new images, recording voice andanimating
everything.

13
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Pixton!?is an online platform for creating comic stories using pre-designed andwidely
modifiable models and characters.With Pixton , it is possibleto create comic stories,
choosing in detail the appearance of the characters, the backgroundand other
settings, and inserting the lines of the characters,also with the possibility to record
the voice for each line. There is also the possibility to inset photos from the
computer.

Story 1

& @ Sara

Speech ~

DD PANE ciao

Figure 2.10- Pixton online editor

2.3.2 Relevant literature

In (Saridaki, et al., 2018)the authors describe the importance of digital storytelling
for people intellectual disabilities based on the literature in this field over the past 25
yearsand from a series of workshops

In the paper it is underlined that literature recognizes storytelling as a powerful
educational tool and that there are many documented case studies andreported
positive results of digital storytelling ®egarding skills development, selfimage
perception and personal improvement, strengthening group communication and
developing creativity and expressiom According to the authors, literature also
recognizesthe positive outcomes of digital storytelling on people with intellectual
disabilities, especiallyregarding educational skills and personal empoverment.

The authors thus conclude that: Migital Storytelling could be a valuable tool of
empowerment to storytellers with intellectual disability, allowing them to use
multimedia technologies as an extension of their abilities, skills and intents of

12pjxton website and online editor: https://www.pixton.com/

14


https://www.pixton.com/

Section2 z Background and Related Works

expression. They could be also used in contexts of social projects with people with
and without disabilities 8.0

In (Tanaka, et al., 2017)he author collects information from literature which falls in

line with the findings of t his thesis:for people with social communication difficulties ,

with extreme examples such asautism spectrum disorders, it may be easier touse
computers than to directly interact with a human trainer . The advantages of using
computers to work with them have been underlined by the article as thefollowing : 1)
they prefer computerized environments that are predictable, consident, and free
from social demands; 2) the possibility to work at their own speed and level of
understanding; 3) the exercise (like voice recording)can be repeated until the goal is
achieved without any pressure 4) concentration, interest and motivation can be
maintained with computerized rewards,; and 5) they also show good and sometimes
OOPAOETI Oh OOUOOAI EUET c6 OEEIIT O8

The communication abilities in intellectual disability are often an interesting and

difficult areawhere to work from an education point of view. Depending on the level
of the intellectual disability of each people the communication skills can be poor or,

in the worst cases, almost absentA summary of the communication abilities in the

different levels of intellectual disability are illustrated in the Figure 2.1]1taken from

(Tahira, 2020).

Level of Intellectual Communication
Disability
Mild Communicate withSpeech
Moderate Communicate withSpeech to a Limited Degree

using Incomplete Senfences

Severe Communicate with Gestures & Vocalizations

Profound Lack Intentional Communication, Rely on Others to
Interpret Their Behaviors

Figure 2.1t Communication abilities in intellectual disability

In (Garzotto, et al., 2010)the authors designed and implementedlow-cost and easily
customizable novel learning experiences, combining the visual communication
paradigm of Augmented Alternative Communication with multimedia tangible

15
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technology. The paper presents the approach and its application in a real school
context, highlighting the benefits for both children and children with disabilities.
Before the description of the experiments, the authorspoint out and describe the
educational goals and the requirements in terms of technology and childrend Gser
experience The main educational goals presented are: cognitive benefitand affective
benefits. The requirements on children® user experience mainly focus on this fields:
each child is unique, tangible interaction, use of familiar situated material,
consolidation, engagement, concentration and timing. Easy customization (open,
highly flexible and adaptable) and low cost are the main requirements ontechnology
discussed.

2.3.3 Remarks

Since Scratchand similar tools, has been designed to be used for much more complex
tasks than just creating a story, using it for such a purpose is not very simple and
requires a significant amount of knowledge and time.On the other side, Pixton and
similar tools are easier to use but not enough intuitive and, the lack of animations,
they lose much of their potential for people with intellectual disability or children .

The relevantliterature are all really clear about the needs for people with intellectual
disabilities, and the importance of digital storytelling and personalized tools on
computers, in the educational field. All the papers studied were really interesting and
significant for the conception and the design of the application.

16
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2.4 Discussion

From the information reported in Section 2, it is emergesthat it would be really
useful, in different educational contexts, to have tools to simplify the process to
designapplicationstargeted at the creation of animated storiesor videos, that do not
necessarilyoffer complex animations but that allow deep customization of the story,
are easy to usand not ®oringd(i.e., providing the possibility of adding customized
images, photos,drawings etc.).

To be more specific, we think that one ofthe main features that such tools should
provide is flexibility both in the kind of different user interfaces that can beoffered
to the end user and in terms of the means usedto actually make the stories
@xecutabledon computers. This would allow to accommodate the needs of as many
users agpossible andmake the tools usable in educational patts with different needs.

To obtain sucharesult, we desighed anintermediate languagethat abstracts the main
concepts (e.g.,definition of the various phases of gory, selection of custom images
for background and characters, recording of voice or soundg being flexible and
independent not only from the execution platform (target) but also from the specific
application user interface (source).

This should allow programmers to focus on their specific needs in terms of
storytelling, delegating a significant part of the technical details to our solution.

To facilitate this process even more from the® O1 C OA | poidt @Ovew, the
intermediate language has to be easyto use and understand and for this reason we
considered useful tobuild its components ontop of existing ideas and languages and
to provide an example of graphic representation through BPMN that allows to
describe the processes in a "human readde" way.

17
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3 Intermediate Language

Since we are dealing with storytelling, presentation or animatiors creation, we will
try to consider all and only the concepts related to those categories. Therefore, the
Intermediate Language is not usable, in most cases, for otdr purposes.

In the next Sections we will illustrate the ideas and the architecture of the designed
solution for the translation, focusing on the definition of the the Intermediate
Language(IL), its components and data model, and we will complete the desription

sketching out a syntax and semantic for the IL.

The case study presented in the chapted is an example of the use of thdntermediate
Languagedescribed in this Section.

3.1 Introduction

There are manysoftware and tools that allow to create and play video, animations,
stories, presentations, but, usually, they areeither too complex for what the user
needsto do or not powerful enough. Therefore, any programmer who wantsto create
a simplification or improvement of thesetools must create a new visual programming
language Gourcelanguage based on their needsand then translate it in an existing
executableone (target language z seeFigure 3.1

We would like to provide a supporting intermediate model for their work on
translation, that can make the translation process easier and clearer, because it is
done in smaller steps andthat is flexible, becausein case of changes in thesourceor
target languagethe programmer can work to modify only one of the two side (e.g.,
from Sto IL or from IL to T).

_ IL:
S:source intermediate T: target language
language language

Figure 3.1- Steps for thetranslation

The approach that we designed can be used in different fields and allows to make the
translation from the customized language, and the translation to executable
representation, independent. For instance, thinking about the fact that the project
could change: having an intermediate language would allow to change thesource
language much more easily (like addingremoving new concepts or information, or
creating a totally newlanguage , as well ago change the target language, for example

18
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due to a different need in the final result (e.g.,we want a video, no more a Scratch
file) or due to new version of this one(lik e, e.g.,moving from Scratch 3to Scratch4).

In the next Sections we will describe in detail the intermediate languagecreated.

3.2 ldea and features

7TEAO xA TAAA EOwhWereEAT OBACR E Aikith &pecifidte 4 O
given scope,thus being adaptable only to some specific contexts, nor too genericthus
becoming too complex to adapt to different contexts.

We want to create a language that allows to represent sequences, of actions and
events, and to assign each of them to the subjects that stal in the sequence.For this
purpose, (1) we need to understand, collect and analyze all the concepts and ideas
that we want to describe with the IL, in the domain of stories, videos, sequenceg?2)
We also needto find an existing idea or language, fromwhich to draw inspiration in
terms of ideas and concepts, for the creation of thelL elements, that permit to
abstract all the concepts of the domain.

For (1)we took inspiration mainly from the case of study of our app and Scratch itself
and from the main concepts oftheater script. For (2) After some research, we decided
to took inspiration from the standard BRMN, so we will use some concepts and their
graphical representation, for naming the elements of the translation in the
intermediate language and given an example of their possible graphical
representation.

19
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3.3 Language Components

In this Section we want to introduce the components of the Intermediate Language
useful for representing the project (that is the subject of the translation), and we
sugges a graphical representation similar to BPMN of each of them

A4EA AT T DITAT OO0 AOA AEveHdsdibecakh of tieh And gayiteOE A O 6

their graphical representation'3 the implementation of the Intermediate Language
with its component is described in Section3.5

In Appendix 1, there is a summary table of the varous components, with the
suggestedgraphic representation, the name and a brief description.

SWIMLANE

Swimlanes ae rectangular boxes that rgresent the stage,the participants and the
soundsof the project. There are two type ofSvimlanes: Pool andLane. SeeFigure 3.2

Pool : container for the main roles of the project (what we want to translate).
There will be three different types of pools:

A Stage: the stage, as well as, thebackground, middle ground and
foreground, of the project. The stage will be the Gnanagem of the
project, the one responsible for the beginning and the endof the flow.

A Sound: all the sounds of the project not related to a specific actor

s N N oA 2w oA ~

(background music or soundtrackh T AOOAOET T h Of1 O1 A

A Actors: the participants of the project, animated (e.g, actors
performing actions) or not (e.g., static props).

Lane: the content of the Pool, it contains the flow of the projects. Stage and Sound

Pools have Stage and Sound lanes respectively, while Actors Pool has a lane for

each participant.

Pool Name

LamemamplLaneampl anlenamp

Figure3.2z Pool and Lanes

13The graphical representaton of the intermediate languagewas generated using the tool available at
https://bpmn.io/

20

A EAE


https://bpmn.io/

Section3 z Intermediate Language

EVENT

Events are something that happeroccurs during the flow. T hey are shown as circles
and, in some cases, there are icons within the circles to represent the type of the event.
something that occurs during the process SeeFigure 3.3

Start Event: the event that indicate the start of the project. There will be only one
event of this type and it must be placed in the poolStage

End Event: the event that indicate the end of the project. There will be only one
event of this type and it must be placed in the poolStage

Middle end Event: an intermediate end event that will be used by the other pools
(which are not stage). Once all flow of all the lanes have reached this eventhe
pool will send a message to the Stage (that, as we said,askind of managerof the
project) informing it that everyone has finished.

Timer Event: an event that indicate how many seconds the flowneedsto wait
before the next activity.

Send message Event: an event that send a message to another lane.

Message received Event: an event that waitto OAAAEOA A [ AOOACA
i AOGOACAG6 1 O It 0l haveAhe Bl bf b start eventfor the flow of a

lane, if the message received is the starting messageom the Stage or the role of

an intermediate eventif the message received is not thetarting message.

O O ®@® ® 6 ©

Start Mi ddl e End End Send messMeges age rec¢t€i me

Figure 3.3 - Types of Event

ACTIVITY

Activities are something performed by the participant during the flow. They are
shown as roundedrectangle, with names describing the type oftask to perform. See
Figure 3.4

Image setter activity : activity to set all the initial attributes of the Stage or of an
Actor.

Change costume activity : the activity to change the Stage or Actor look.

Move : the activity that define the movements of the Stage or of an Actor, there
are different type of move activity:

21
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Hide activity : the activity to make the subject no more visible.

Show activity : the activity to make the subject visible.

Glide to x, y activit y: the activity to make the subjed glide to a chosen

point P (X, y).

A Move to X,y activity : the activity to make the subject move to a chosen
point P (X, y).

A Size activity : the activity to make the subject bigger or smaller (closer
or further the viewer)

A Turn activity : the activity to make the subjectrotate.

v > >

Sound: the activity that define a sound of the Soundor of an Actor. There are two
different type s of sound action:

A Textsound activity : the activity to represent a sound with related text.
A Generic sound activity : the activity to represent a sound.

netter n n n
cost umle

Figure 3.4 - Types of Activity

GATEWAY

The gateway fork it is used to divide the flow in three different parallel flow, all
outgoing flows must be executed at the same time They are shownas diamond
shapeswith a plus in the middle. SeeFigure 3.5

When the different flows of the gatewayfinish all their activity/event, the flow go out
from the gateway join and return to a single flow. For simplicity of expression, we
have defined the gateway with only three flows and the reason for this choice is
explained in the next lines.

®

Figure 3.5 - Gateway
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The gateway allovs to represent activities that occur simultaneously, and we usually
need to execute three different type of activities for this reason we define the gateway
with three flow.

For the stage, the three flow can be used forbackground, middle ground and
foreground respectively; for the actors, the first flow can be usedfor the movement
activities, the second flow for the sound activities, and the third flow for the
appearance activities for the sound, the three flow can beused forbackground music,
narration, sound effects, respectively.

If there is the need of more than three flows, there is the possibility to insert one or
more gateways inside the gatewayo add more parallel flows (seeFigure 3.6). If, for
example, we are inside a gatewayGland wewant an actor to glide, while rotating and
zooming, simultaneously, we can create a new gateway G2 for th purpose.

Figure 3.6 - Example of a gateway inside a gateway

FLOW
Flow is useful to show theOT OAAO6 1T £ OEA Agkédy@G@Ehbwinad £ OEA
line. SeeFigure 3.7

Message Flow : flow used to show the exchange of messages between opeol
and another. A message flow is shown in dotted line with an arrow head.

Sequence Flow : is used to connect flowelements. It is shown in solid line with
an arrowhead. It shows the order of flow elements.SequenceFow shows the
flow of the execution of events and activitieswithin the same pool.
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sequence flow
O

Message flow

b
K
o - 4- - (@)

VY

@

Figure 3.7 - Types ¢ Flow

3.4 Example of components Usage

Here we will analyzeand show an example of the usage of the graphical components
for desaibing a sequence/video/animation, showing the interaction between the
components and an example of flow fromStart to End. In Figure 3.8 there is the
example of an IL project (for a better resolution of the Figure see Appendix 6-A).

Figure 3.8 - IL example
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PROJECT:the project starts and ends, as said, in the stagelt is composed by two
main partsOE A O  xahtotakiAd inspirddion from theatre. Thead 1 is made ofwo
actors, some actions performed by actors, and atage sound. Theact 2 is made of
actors and two different stage sound.

STAGE:in the example the stage is not divided inbackground, middle ground and
foreground, so it is represented by aly one of them, for simplicity we say that the
stage here is composed onlyof the background. Before the starting of the two acts
there is a Change costumeactivity that change the look of the background. The
starting of the act is performed with the Sendmessageevent and the ending with the
two Message receivedverts, one from Actorsdpool and one from Sound fivol.

ACTORS: in the example there are two actors. The actstarts with the Message
receivedevent from the Stageéd @bol, and the first activity that we find after it is the
Image setteractivity, which describesthe initial state of the actor. Inside the gateway
flows there are all the activities performed by the actor and some Timer events that
manage the time elapsé between them. The first flow is dedicated to the activity of
move type, the second flow to the activity of sound type and the third one to the
Change costumeactivity .

One or more of the three gateway flow can be empty, as we can see in the example in

the second actor. In fact, the first flow of the Act 1, is empty,because the actordoes

not perform any movement in that act.

WhenOEA Ox1 AA Olire@od fhe MiEdIé end@vehtAOAA AAOT OB DI T 1
message to Stage pooD OADT OOET ¢6 OEA AT A T £ OEA AAO Al
SOUND: in the example the sound poolhas three main flow (inside the gateway),

e.g., one for the background music, one for the sound effects andone for the
narration.

As for the actors, when the flow of thesound lane reachesthe Middle endevent, the
Sound pool senasA | AOOACA O1 OEA 306ACA PiiT1 OOADPI O«
sound.
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3.5 Data Model Overview

In this Section the data model of the Intermediate Languageis presented to provide
a better description, we used somesimplified Unified Modeling Language (UML)
class diagrans'®

First, it will be presented a simplified class diagramdescribing the main contents of
a project (Middle Project) in the intermediate language:

StagePool | 1 StagelLane

-

A/ +stagelane \A
1

Middle Project ‘__1 Lt Pool :I SoundPool SoundLane I: Lane

+1  +pools +soundLane

) M * P

ActorsPool 1. ActorLane

+messages +elements
+actorsLanes

FlowMessage 1 +sender ! FlowElement

1 +recevers 1.%

Figure 3.9 - UML Class Diagam of the Intermediate Language

Message flove are represented by the@FlowMessag® class,with the content of the
message, thesender, and the receivers.Sequence flovs are not represented in the
model but are only used graphically to understand the flowand interactions between
the various elements we can se that a sort of sequence flow is represented by the
order of the elementsin the lists of flow elements.

What is happening during the flow of the project is described by Flow Elements.

There are three different type of Flow Elements: Activity, Event, Gateway. In the
Figure 3.10the model of the Flow Elementsis showedin a simplified UML Class

Diagram.

As shown in the class diagram the main attributes of the Gateway classare three
different ArrayLists of Flow Elements; this is because Gateway divides the flow in
three parts, sothe three flows from the opening to the closing of the Gateway are

1 UML is a developmentalmodeling language in the field of software engineering that is intended to
provide a standard way to visuéize the design of a systemhttps://www.uml.org/
15The UML diagrams aregenerated using thesoftware StarUML available &: https://docs.staruml.io/
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contained in it. The reason why there are three flows is descried in the Gateway
Section in 3.3

The only elements with a time referencesare the Activity and the TimerEvent
Depending to the source language sometime fields (startAt, finishAt, duration),
might be misgng, so there is a helper class that will help to generate the time
references missd. This helper class should be also usefulluring the translation, to
the target language, of the elements that have not the time references in the
Intermediate Language (the Event and the Gateay).

StartEvent EndEvent
Gateway Flow Element
-String name I> MiddleEndEvent
12N 0.
+HirstFlow
0.%

Event :} TimerEvent
-float duration
+secondFlow
0 Activity
~+thirdFlow “float startAt SendMessageEvent
-float finishAt - ool pr—
—float duration MessageReceivedEvent -boolean isStartingMessage
-boolean isStartingMessage
ImageSetterActivity

-String absoluteFilePath
-int xCoordinate
-int yCoordinate

-float zoom - — —
-float direction MoveActivity ChangeCostumeActivity Sound Activity
-boolean isVisible -String absoluteFilePath -String absoluteFilePath
-int fading -int volume
-int fading
TextSoundActivity
-String text
-boolean isThinking
TurnMoveActivity GenericM Activity
-float turnValue -int xCoordinate GenericSoundActivity
-int yCoordinate

SizeMoveActivity

-float zoomValue GlideMoveActivity

-int xCoordinate
-int yCoordinate
ShowActivity | | -Int steps

-int fading

HideActivity
-int fading

Figure 3.10- UML Class Diagram describing the Flow Elements
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3.6 Abstract Syntax

In this Section the syntax of a core Intermediate Language process is defined,
excluding organizational modeling features (i.e., lanes andpools). The definition sare
basedon (Ouyang, et al., 2007) as previously introduced,and adapted toour case.

Definition 1 (Core IL Process). A corelL processisatupley  “h’ h. h: hohnh
z h. hz h. h. h: h: h_  where:
- Y is a set of objectswhich can be partitioned into disjoint sets of:
o activities ' |
0 events. ,
0 gateways: ;
- ' canbe partitioned into disjoint sets of tasksD ;
- . can be partitioned into disjoint sets of:
0 startevent z ,
0 intermediate events. ,
o endevent z I
- . can be partitioned into disjoint sets of:
o intermediate message events
0 intermediate tim er events.
- 1 can be partitioned into disjoint sets of:
o parallel fork gateways:
o parallel join gateways: ;
- P v v jsthe control Kow relation, i.e., a set of sequenceé<ows connecting

objects.

A core Intermediate language process is a directed graph with nodes (objects} and
arcsi OANOAT A AFoKadnynddgo M v, input nodes of © are given by'QD

n N v s O and output nodes of D are given byé 6 © n N vsD 7 . Also,
for a core Intermediate language processy, if ambiguity is possible, we usey as
subscriptsOT AAAE Al AT AT O W Rell WAA ARIETI GE ODEROBDIUA OA @
Intermediate Language model which may comprise a set of corelntermediate
Languageprocesses.
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Definition 2 (Core IL Model ). A coreIL model is a tuple* Xh  where:

- Nis a set of core Intermediate Language processes
- . P Ty ey ey vk ey wy L unx My My isthe
OAO 1T £ | A be@vAed ArocEskes O

$ A /]l E @llBwsfior graphs which are unconnected, not having start orend events,
containing objects without any input and output, etc. Therefore, we need to restrict
OEA AA Al E Gdinhet prddésses ahdnbdels.

Definition 3 ( Well -formed core IL Process). A core IL processy in Definition 1is
well formed if relation _ satisZes the following requirements:

~

- Linv. hQd nT s¢ 0D s p;ie.,start events have an indegree of zero
and anoutdegree of one

- love héo®  n” sQ&s  p:ie., end events have an outdegree of zero
and an indegree of one

A A L I lQévs p~ sé0ds p;ie., activities and non-
sendermessagent ermediate eventshave anindegree of one and an outdegreef
one.

- bang Q& s "~ sé 060G s p;ie., sender Message intermediate
events have an indegree of one and an outdegree afiore than one.

- 1y hsETQs p~ s¢ 6®s o ie., fork gateways have an indegree of
one and an outdegree othree.

- 1oy hsl 0Qs p” sQEQs o i.e., join gatewayshave an outdegree of
one and an indegree ofthree.

- LovumiN, MOV, H_ ‘" @ “QNY7i.e., every objectis on a path from a
start event or to an end event.

Definition 4 (Well -formed core IL Model ). A core Intermediate Language model
v givenin$ A £l E Grveli&£l 01 AMiba skt@&f wellformed core Intermediate
Languageprocesses

16 v x means the union of the elements in round brackets grouped by each procesy belonging to

the setof IL processeX ;O yux "y "y 0 1 AAT O O1 OAjfrondthefresuBANCoupldsA E

all the control Kow relations.

7 *EOQO A OAKAgé&duke oD QA T00 Bitite@ & apath fromwto AT A AU Ad & EOET 1
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3.7 Semantic

In this Section, the semantic of our IL is describes by means of Petri netsdirected

bipartite graphs described in Section2.2.2 Thus, the mapping of well-formed core IL

models to Petri nets is established, the mapping is a modified version of the one
presented in the research papelOuyang, et al., 2008)and (Ouyang, et al., 2007) The

reason for choosingPetri nets to describe our semanic has been described in the
Section 2.2

ACTIVITIES, EVENTS and GATEWAYS

Table 3.1depicts the mapping from a set oflL task, events, and gateways t®etri-net
modules. The usage of both labelled and nm-labelled transitions is allowed. The
labelled transitions model tasks and events. ThReDOAT OEOET 1 O xEOQOET 00
transitions) capture internal actions that cannot be observed by external usersThe
transition, being labelled with the name of that task or event, models the execution

of the task or event.

Table 3.1is taken from (Ouyang, et al., 2008)where the mapping BPMN object onto
Petri-net is analyzed. The main IL components have the sam&lea and characteristic
of BPMN objects.

BPMN Object Petri-net Module BPMN Object Petri-net Module
()—-H—»; ) x—-() j:;»H—»( )
Ps ts Plsy) End e Plxe) te Pe
C B xy G O] E
Message E P (x, E1) Pe1,y) Task T P (x,T1) P(11,y)
P (F1, y1) P (x1, 11)
Y1 - t F1 :" l‘:! x1 ::"’ ‘: i -.H o
y2 N x2 o
Fork F4 P (x, F1) Join 1 P, y)
P(F1,y2) P (x2, J1)

Table 3.1- Mapping some IL components onto Petmet modules

Start: the IL start event component is mapped ontoa silent transition with an input
place andan output place. The silent transition is used to signal when the process
starts. A messagereceived component with labeled as starting message is mapped in
the similar way.
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End: the IL end event and middle end event components are mapped onto a silent
transitio n with an input place and output place. The silent transition is used to signal
when the process ends.

Message event: the IL send message event and message received componsrdre
mapped onto a transition E, with an input place and an output place.

Task: the IL activity component is mapped onto a transition T, with an input place
and an output place.

Gateway fork : the IL gateway componentfork is mapped onto asilent transition with
an input place andthree output places.

Gateway join: the IL gateway comporent join is mapped onto a silent transition with
three input places and one output place.

MESSAGE FLOW

The next Figures will show the flow messagefrom a send messagevent or a pool to
a messagereceivedevent ! | AOOACA Kix EO OOAAon®fi OET x
messages betweeifferent pools or lanes.

Message from send message event to message received even t:the transition that
OADOAOAT OO OAT AET ¢ OE Aselftdtiiz@lAce that prdcéesthe KT x A
transition modeling the received messageln the Figure 3.1Xhere is the mapping from

a send message to a message received event timats the role ofa start event,different

mapping is applicable to a message received event thdtas the role ofan intermediate

eventas it is shown in the Figure 3.12

r! Rl
T
'm
I
Vi
sC)— v: PX, ey Pe)
(ot

_____

Process A

Process B

Figure 3.1t Message fromSend message event thlessage received event

Message from Pool to message received event : more complex mapping is for the
message that representhe message ofendingof OEA Ox1 OE6 AOT I OEA /
stageand it is represented in the Figure 3.12 In an abstract way, it can be mapped to
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atransition with one or more incoming arc from the placesmodeling the middle end
eventand an outgoing arc to the transition modeling the received message eventAs
we can see, themessagereceived ewent is mapping differently in the two case
according to the role it has (start event or intermediate event).

Pt Pl)

L
xv TS
1 E b __' -
T
I
m
&
-

Process A

Process B

{3
Pex

Figure 3.12- Message from Pool taViessage received event

INITIAL MARKING CONFIGURATION

The initial state of an IL T T AAT AAT AA OPAAEAAA A&Aw®
corresponding Petri net model, as mentioned before, astart event signals thestart of
the IL process For this reason,the start place for the event Startis the only place
being marked (with a token drawn as a big black dot)in the initial marking of the
corresponding Petri net model.

When the token will arrive in the end place for the event Endwe will be sure that all
the process is ended.
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4 Case Study

The second part of this thesis focuses on the development of a desktop application
for storytelling, th at allows the userto create a story, choosing characters anglaying
their roles with their voice, aso offering the possibility to watch the whole story
through the Scratch web site or App and share it with parents or friends. The
application and the translation from the application language to the Scratch
language,will be an example of use of thelntermediate Language.

In the next Sections the case sty will be analyzed and explained, first presenting
the background and then describing the application in detail.

4.1 Background: The LYV Project

An important inspiration for this thesis is to be credited to Lend Your Voice (LYV)
project®from ARCSLal which has been funded by thePolisocial Award®2016

LYV is a software for the development of interactive stoies, with a dual purpose:
support in learning English for young people with specific learning disorderand vocal
re-education for children and young people with intellectual disabilities or difficulty

in speech

LYV, built on Electron platform, translated a story in the sb2Scratch format, and, with
the help of ScratchX, it permitted to have interactions with the story (to record and
to analyse voice, checking and visualizing the prosody) during the execution of the
story itself.

The graphical gructure of the Application Prototype Scene Editor, showed in the
Section 5.3.4, and the main idea of describing Stories in the graphical way wittB A AT A8 O
timeline composed by blocks, is highly inspirated from LYV editor. The idea to
translate the story in a Scratch file is also taken from LYV projectwhere the story was
translated in sb2 Since January 2019here is a new version of Scratch: sb3he two

output form ats (sb2 and sb3) are strictly differentand sb2 is based on Flashnp longer
supported), we decided to translate in the new version of Scratch because the
previous version is working correctly only in the Scratch 2.0 Dekstop.

http://www.polisocial.polimi.it/wp -
content/uplo ads/2016/07/46_LYV_Sbattella_no_VIDEOQO_finanziato.pdf
19 http://www.polisocial.polimi.it/en/home -en/
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4.2 Description of the application

After using LYV, the Esagramma assaiation realized the usefulness of similar
software to be used in multimedia laboratories and, more generally, to be used in the
association's activities.

For this reason we decided to create an application similar toLYV that is simpler and
less powerful but easierto use and that permit to create more personalized stories,
that would allow to create simple stories, deciding how to compose the story, the
looks of backgrounds,characters and objects and interpreting the main characters.

The idea behind the translation from the graphical representation of the story
described inthe application, to the story in a Scratchexecutable file, is showedin the
Figure 4.1 The story in the source language igranslated in astory in the intermediate
language, then the story in the intermediate language is translated in a story irthe
target language. h the next Sections, we describe more in details thestory in the
three different languages and the translationprocess

Story in the app

. Story in the ; Story as a Scratc
repz:gﬁ?ct::tlon "To IL" intermediate Targ‘;t.. file (target
language ) language (IL) language )
Figure 4.1- Stepsof the translation: case study
4.2.1 Target

The main targets are somesubjects from Esagramma and from Amicinsieme? with
whom the application tests will be done. In general, these arepeople with intellectual
disabilities and can be both young and adult.

We can identify two types of app users, for which we expect the followng benefits:

Educators / Volunteers: an app with which to create animated stories in a simple
way, allowing the usersof the association to participate, telling a story together and
interpreting the protagonists (or one of the protagonists). The possibility of reviewing
what is going on during the creation of the scenes, almost in real time, listening to
the voice within the evolution of the scene The aim that we would like to achieve is
to improve the communication and social skills of the users also making them
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interact with each other (i.e., it is possible to improve communication also with other
users byworking together as protagonists of the same story).

Users: an app that allows to decide backgrounds, characters,and objects, that will
participate in the story and what will happen to them, describing the movements, the
looks and the sounds/voices ofthem. The possibility to interpret the protagonists,
lending the voice (dubbing the character) identifying with them . The aim is having
fun and obtaining the complete story as a result thatthey can review and listen to
again, even sharing it with third parties (family, friends ...).

4.2.2 Functional requirement s

The educator (together with the usersor not) must be able to:
Create a new story: the educator must be able to create a new story

Use an existing story: it must be possible to use one or more base stories, created
in advance and made available in the app, so that the is, from the first use of the
app, an example ready to be modified or to be used to directly record the voices
of the children.

Create the .sb3 fil e of the story: it must be possible to createa sh3 file that
contains the complete story in order to be ale to play and share it with Scratch.

Edit a saved story: It must be possible to edit and customize one of the saved
stories. Therefore, both beforeand after the eventual creation of the sb3 file, it
must be possible to save the story in the app, so thait can be modified at a later
time.

The details expectedfor the creation of a storyare the following:

1 Add atitle
1 Add a short description + details
1 Edit/ create scenes :
- Choose the background of the scene
- Choose characters present in the scene
- Choose objects present in the scene
- Get characters in and out
- Make the characters / objects in the scene move / rotate
- Let the characters speak through voicerecording / file upload + written
dialogues
- Choose the moods of the characters in the various momats of the scene
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- Choose the appearance of the characters and objects in the various
moments of the scene

- Set background music through voice recording / file upload

- Insert narration through voice recording / file upload

- Insert voice recording / file upload sound effects

The users must be able to:

Insert custom characters: deciding the characteristics of the character (the same
goes for backgrounds and objects).

- Choose the name of the character

- Enter some details about the character

- Insert the default image of the character

- Insert the images of the emotion of the character
- Insert other images of the character

Play a character: which can be a specific character orseveral characters; to
interpret it he must be able to record his own voice in the dialogues of he scenes.

Register sound : they cancreate story soundswith object or musical instruments,
register them and adding them to the sceneas sound effect background music or
sound of the characters/objects of the scene.

Review the story with their own voice inside: being able to review the entire
story in sb3 format via Scratch online or Scratch desktop.

Share the created story: being able to show the entire story to others via Scratch
web site.
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4.3 The source language

The case study for this thesis is inspired from LYV project. In particular, the subject
is the stories creation and translation into Scratch file. The stories are created with an
application prototyp e that will be presented in the Section4 and Section6.1.1A story
is a list of scenes, the scenes are described by a list blocks and initial settings. In
the next sessions Application Blocks andScratch Blocks are presented.

4.3.1 A Story in the App

The story, in the application representation, is a list of scenes. Each scene has a
background, the two lists of participants (characters and objects), the list of initial
settings one for each participant,and the list of blocks representing the actions and
sounds happening in the scene ( more details inthe next Section). Blocks are the main
part of the scene representation andth&€ O T OAAO EO AAOAA 11
block grouped by subject (the subject canone of the participant s or one of the music
types related to the stage.

O
m;
>

The full data model of the App elements is presented in theSection6.1.1

4.3.2 Application Blocks

A scene can be describedavith the blocks here presented:the actions andappearance
of the scene patrticipants and the different type of sound and music played during the
scene.

Table4.1- List of Application blocks for scene description

Block Name Applic able to Features

The entry on the stage for a specific participant
The user can decide where the subject will
arrive after the entry and the duration of this
action. The user needs talso choosehe type
of entry (from where the subjectwill enter), or
if it will enter directly in the place, without
gliding.

9 Characters

Enter on stage f Objects

To leave the stage for a specific participant. Th
user can decide the duration of the action and
the type of that: if the subjet will glide to an
edge of the screen or if it will disappear on the

spot.

9 Characters

Leave the stage f Objects
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To move the subject in the screen. The user ca
9 Characters . .
Move . decide the duration of the movement and the
1 Objects . . .
destination point coordinates.
The rotation of a subject on the spot. The user
9 Characters . . .
Rotate  Objects can decide the rotation duration and the
J quantity (expressed in degrees)
The zoom in or out of a subject on the spot. Th
9 Characters . .
Zoom  Objects user can decide the zoom duration and the
J quantity (expressed in deyrees)
The speech of a character. The user can regist
Speak { Characters an audio or choose onérom the directory and
P insert the text of the speech. The duration of
this block depends on the audio length.
9 Characters
1 Objects The sound of the stage or of a participant. The
Sound 1 Narrator user can register an audio ochoose one from
1 Background the directory. The duration of this block
music depends on the audio length.
9 Sound effects
The emotion of the character. The user can
choose theduration and the emotion from the
Emotion 1 Characters emotions available (the look of the character
will change ifthere is an image for the emotion
chosen)
The appearance of the participant. The user ca
1 Characters choose the duration and one of the
Change costume ) L . . .
1 Objects personalized images previously inserted in the
participant.

4EA OADPDI EAAAIudeful@d underdtéantl fori ebch Bld@k to which scene
AA Apbl EAAAI A8 4EA 1 AEI

participants: scene characters ad scene objects; the music of the scene is described
AU OEOAA OAT I BT 1T Atondandsolind éfexs.O1 Oh

AT T BT TATO AAT

Some remarks regarding some blocks ardescribed below

In the resulting scene, for all the duration of the emotion block or the change cotume

block, the character or object will change appearance depending on the emotion
image or personalized image chosen, but when there is none of these blocks the
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appearance will depend on the default image chosen for the scene character or the
scene objet.

The speakblock needs the text, because in the resulting scene, every speaker will
present the bubble with the written speech, andit is the only way to recognize the
speaker. In the future we would like to add some animations during the speaking time
and adding the possibility to choose if the bubble is shown or not.

Describing the content of a scene, m addition to the blocks, there is also the
possibility to choose the initial settings of the participants: position (x and y
coordinates), visibility, rotation and zoom.

39



Section4 z Case Study

4.4 The target language

In this Sectionwe will present a general description ofa storyin Scratch.

4.4.1 A Story in Scratch

A Scratchfile is a ZIP archive, with the extension .sb3, which contairs information
encoded in a JSONile and project media in separate files?°

In our case the project media are theimages for backgrounds and actors (called
costumesin Scratch), and the sounds the files where theyare storedhave thenames
beginning with t heir MD5 checksums followed bythe file extension, as requestedoy
the sb3 file format?t The content of the story is described in theproject.jsonfile.

The data model of the Scrath project is presented in theSection 6.1.2. Briefly, the
story in Scratch model is a Project cataining a list of Targets, where Targetis the
stage or a participant of the story (alled sprite). The Stage is always the manager of
the story, and it will contain the music and manage all the scene changes. Each Target
(i.e., the stage and the sprites)contains all the information about the action and
sound performed by the subjectin a list of blocks.

4.4.2 Scratch Blocks

In the first part of this Section, we will introduce the (lockéconcept in the Scratch
file format with some examplesThen, in the end of this Sectionand in the next ones
wewiltak AAT 6O O3 AOAOAE Al T AEOGO6 AO OEA COADPEEA/
in the Scratch editor, without considering the on-disk internal format.

In the Figure 4.2, the block in the Scratch file format is showed from the point of view
of the Scratch data modelin our application.

Block

-opcode: String

-next: String

-parent: String

-inputs: HashMap <String, List<Object>>
-fields: HashMap <String, List<Object>>
-shadow: boolean

-topLevel: boolean

Figure 4.2 - Block class from the Scratch data model of our application

20 hitps://en.scratch -wiki. info/wiki/Scratch_File_Format
2 https://en.scratch -wiki.info/wiki/Scratch_File_Format#Project_Files
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The block in the Scratch file format has the following properties:

opcode: It is a string with the name of the block.

next: The ID of the next block.

parent : The ID of the preceding block.

inputs : An object associating names with arrays representing inputs

fields : An object associatingnames with arrays representing fields

shadows: A boolean value,True if it is a shadow block and false otherwise
topLevel : A boolean value,False if the block has a parent and true otherwise

= =4 4 A4 -8 —a -

It is easier todescribe the attributes of the block with an example. In the Figure 4.3,
there is anexample ofsome blocks from the Scratcheditor, and we will analyze all of
them, one by one,from the top to the bottom.

gice @) sesox €@ v @
sy Q) or @ seconss

switch costume o costume2 -

Figure 4.3 - Scratcheditor view of the example

In Figure 4.4, we can se OE A AWfieAffag o E A EaddAv@ can notice that: 1)
parent is null because it is the first block, for the same reasortopLevelis True; 2)
inputs and fields are empty; 3) shadowis false because it is not a shadow blogk4) x
and y are the coordinates of the position of the first block of the stack the last two
properties are not present in the Figure 4.2 becauseScratch automatically sets them
at the default value.
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"+{oL7W=Dm?$Utriv_%.7": {
"opcode": "event whenflagclicked”,
"next": "7;@%o0ex0lm¥n~H4kPhQe",
"parent”: null,
"inputs": {},
"fields": {},
"shadow": false,
"topLevel”: true,
"x": 317,
"y": 107
I

Figure4.4 - When flag clicked

In Figure 4.5 and Figure 4.6, we can see two example®f the inputs property, that
contain the information inserted by the user: duration of the glide, final position after
the glide (in the first one) and the messageto say andits duration (for the second

one).
"7;@$oex0lmién~HakPhQo" : { " {fmk™)1p~R34d.Kd=B_": {
"opcode™: "motion_glidesecstoxy”, "opcode™: "looks_sayforsecs”,
“next”: " {fmk”)1lp~R34d.Kd=B_", "next": “-?NC:{sA+8LyESVKIAIK",
"parent™: "+{oL7W=Dm?$Utriv_%.7", "parent”: "7;@$oexolm%n~HakPhQe",
“dnputs®: { "inputs": {
TSECST: [ "MESSAGE": [
1, 1,
[ [
4’ 10
e ,
] "Hello!"
Iy ]
X ] 1,
1, "SECS": [
[ 1,
. [
""" a,
) 2"
, ]
A ]
o b,
[ "fields": {},
ﬁ’" "shadow": false,
0 "topLevel”: false
_ b
E:Cields": o, Figure 4.6 7 Block: Say® ( AA fir 2 seconds
"shadow": false,
"topLevel”: false
},

Figure 4.5z Block: Glide 1secs to x0, y=0
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An example of a shadow block is showed in thd=igure 4.7. We can see that the
block Switch costume(in the left side of the Figure) has, as an input, a shadow block
(in the right side of the picture). The shadow block contains all the information
about the costume chosen as an input of the blockin the property fields.

"= NC: { SA+8LYEBVKIAIK":
"opcode": "looks_switchcostumeto”,
"next": "e%n%Tz|=fF{d9EVEEU|[",
"parent”: " {fmk™)lp~R34d.Kd=B_",

"i@NQEFrwivi#,va/AKsbs": {

"opcode”:
"next™: null,
"parent™: "-?NC:{sA+8LYESVKIAIK",

"looks_costume”,

“inputs”: { "inputs": {},
"COSTUME": [ "fields": {
1, "COSTUME": [
"i@NQSFrwivi, va/AKsbs" "costume2”,
| null
b ]
"fields": {}, bs
"shadow": false, "shadow": true,
“topLevel": false "topLevel”: false
s s

Figure 4.7 - Block: Switch costume to@ostume®

In the next three Figures there are the tree blocksof the loop. The Figure 4.8 shows
the Repeatblock, where we can notice that in the inputs fields there are two elements,
one that says how many loops to do, and the other thatrepresents the substack(that
are the other two blocks of the Figure 4.9 and Figure 4.10).

"2[H K8apgjBU=Wh{.D7L": {
"opcode”: "control_repeat”,
"next": "6%n%Tz|=fF{d9EUEEU|[",
"parent”: "-?PNC:{sA+8LYEBVKIAIK",
"inputs”: {
"TIMES": [
1,

[

Els
]
N
"SUBSTACK": [
2,
"8hsN:C6rzcaXioz ?QkNN"
1
}s
"fields": {},
"shadow": false,
"topLevel”: false
}s

Figure 4.8 - Block: Repeat 30
times

"8hsN:C6?zcaXioz?QkNN": {
"opcode™: "looks changesizeby”,
"next": "G*WIk1;XcZF(W*Py[i5c",
"parent”: "2[H K84pgjBu=Wwh{.D7L",
"inputs": {
"CHANGE": [
i,

})

"fields": {},
"shadow": false,
"topLevel”: false

s

Figure4.9 - Block: Change size by
1
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"GFWIkL X ZF (WFPy [15¢™: {
"opcode”: "control_wait",
"next": null,
"parent”: "8hsN:C6?zcaXioz ?QkNN",
"inputs": {
"DURATION": [

}s

"fields": {},
"shadow": false,
"topLevel”: false

1

Figure 4.10- Block: Wait 0.04
seconds



Section4 z Case Study

As shown in Figure 4.11the hide block hasnothing special to point out.

"6%n%Tz |=FF{dOEUEEU|[": {
"opcode”: "looks hide",
"next": "6Up$M7,*TW|Ng hC™.Bu",
"parent”: "2[H K84pgjBU=Wh{.D7L",
"inputs": {},
"fields": {},
"shadow": false,
"topLevel”: false

¥
Figure 4.1% Block: hide

The Figure 4.12shows the last block of the stack.The inputs property of the Broadcast
block contains the name and thelD of the messageo broadcast.

"6UP$M7, *TW[Ng hcr.Bu”: {
"opcode™: "event_broadcast”,
"next™: null,
"parent™: "6%n%Tz|=fF{d9EUEEU|[",
"inputs™: {
"BROADCAST _INPUT™: [
1,
(
11,
"end of the example”,
"cJ~XF:%h2,Qe+qM$2LIWL"

1
}s
"fields™: {},
"shadow": false,
"topLevel”: false

1

Figure4.12- Block: Broadcast "end of the example"
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In the Table 4.2 we describe the Scratch blocks that we use in our case styd

Table4.2 - List of relevant Scratch blocks for case study

Block Name

Features

Goto x, y

To choose x coordinate and y coordinate, moving
the subject from the current point to the new point.

Glide n secsto x,y

4EA OAI AxiyoeE 000 CHrCsEcongd. E

Turn right/left n degrees

Toturn the subject ofn degrees in the right of left
direction.

Point in direction n

To choosen to change the direction of the subject.

Saytext for n seconds

To choose text and the duration of it, the chosen text
will appear for n seconds in esspeech bubbleon the
top corner of the subject.

Think text for n seconds

4EA OAIT A &l O

Switch costume /
backdrops to name

To change costumegprite) or backdrops (stage) in
nameone.

Change size byn

To increase or decrease the size of the subject
depending by then chosen

Set size ton %

To set the size tan % dimension (100% is default)

Show / hide

To show or hidethe subject.

Play sound name until
done

To start a sound bynameand wait until its finish.

When flag clicked

To start the process when the green flag is clicked.
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When | receive message To receive amessage

To send amessagédo the other (sprites and/or

Broadcast message
stage)

Wait n seconds To wait n seconds.

To repeatn times the content. In this block you can

R tntim - it Wi i
epea s insert other blocks and it will repeat themn times.

4.4.3 Mapping App blocks onto Scratch blocks

In this Section, we will analyze which Scratch blocksare useful forreplicate, in the
final animation , the behavior desired by the app blocksTherefore, we will try to map
the app blocks onto Scratch blocks. This mapping wasuseful for the translation from
the story in the IL to the story in a Scratch file (showed in Section 4.5.3. The next
formulas present on the left side the application blocks described inSection 4.3.2and
on the right side the Scratch blocks described in Section4.4.2

Enter on stage goto x1,y 1 +show+glideto X2,y2 in n seconds
. (Where x1 and y1 are the coordinatesf the point where the element will start the
entrance and x2 and y2 are the coordinatef the point of the final position of the
subject)

Leave the stage glide to X,y in n seconds + hide . (Where xand y
are the coordinatesof the exit point)

Move glide to x1, y 1 in n seconds . (Where x1 and yl are the
coordinates of the point and n the duration of the movement)

Rotate turn right n2 degrees . (Where nis the rotation size)
Zoom change size by n . (Where nis the zoom size)
Speak  start sound name +say text for n seconds . (wherename

is the name of the sound that we want toplay, and n is the duration of this sound)

Sound play sound name until done . (where nameis the name of the
sound that we want to play)

Emotion / Change costume switch costume to namel (Where namelis the
emotion image or the personalizedimage)
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4.5 Description of the translation

In this Section the translation of a Story from the application representation to the
Scratch file is presented, this translationis the main idea with which we created and
tested the Intermediate Language As previously said, we cardivide the translation
intwo partsy, OZOT I O OOAA 1 AT COACBAOCAD, bAAC BA QAL

4.5.1 A Story in the Intermediate Language

The story in the intermediate language is a project that contains pools that are list of
lanes, following the idea previously presented (Stage, Actors, Sound).

The project starts with the start event and finish with the end event, the manager of
the process is the Stage that contains the two events. Other than the start and end of
the story, the Stage poolmanagesthe changing of the backgrounds andthe activities
related to the start and the end of the scenes

All the other lanes (Actors and Sound) contan the main actions happening during
the story. The starting of the scenes is represergd by amessage receiveevent, which
receives the messagérom the Stage when the new scene is startingand the ending
of the scene is represergd by the middle endevent.

4.5.2 From source language to IL

With the following O £ O 01 AG6 xA xAT O O AOEAEI U AAOGA
from the source language tothe IL. On the left side of the formulas there ae the

application blocks described in Section 4.3.2 andsome concept related to the

APDDPl EAAQGEITT | &£ O ET OOAT AAh OEA OOOAOOEI C 1 A
there are the IL components described in Sectior3.3

Starting of the story Start event in Stage lane

Ending of the story End event in Stage lane

Starting of a sc ene:

(Stage lane)  Change costume  Activity with duration 0 seconds
in Stage lane + Send message event in Stage lane + Timer

Event with duration m seconds in Stage lanes (Where m is the
duration of the scene)

(Sound lane)  Message Received event in sound lane + Gateway
in sound lane
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(Actors lanes) Message Received events in actors lanes +
Image setter activities in actors lan es + Gatewaysin actors
lanes

FLOW MESSAGR flow messageelement s created for everyGtarting of a scene

TheelementEAO OEA 1T Ax OAT A 1 AOOA®RBESNDdevd AO

receivedA OAT OO AO. OOAAAEOAOOG

The content of the scene

The gateways created in AA Ollade8 & O OE T Cstarfiig Af aCscend hwill be
populated like that: the first flow will contai n all the Move Activities of the
corresponding actor, the second flow allits Sound Activities and the third flow all its
Change costune Activities.

The gateway created in sound laned O O E T Gtartihé ok a 30end Will be populated
like that: the first flow will contain the narrator Sound Activities, the second flow the
background music Sound Activities and the third flow all the sound effects Sound
Activities.

SCENE BLOCKS In this Sectionwe analyze indetail the translation from the Scene
blocks of the Application representation to the Story in the IL. They will be inserted
in the gateways as above explained.

N.B.:n all the foll owing: @uration n seconds O, n is the duration of the block.

Enter on stage (with glide) Move to x1, yl Activity with duration O seconds
+ Show Activity with duration 0 seconds + Glide to x2,y2 Activity with
duration n seconds . (Where x1 and yl arehte coordinates of the entering
position chosen, x2 and y2 are the coordinatesf the final position of the subject)

Enter on stage (without glide) Move to x1, yl Activity with duration O
seconds + Show Activity with duration O seconds + Timer Event with
duration n seconds . (Where x1 and y1 are the coordinates of the final position
of the subject)

Leave the stage (with glide) Glide to x, y with duration n seconds + hide
with duration 0 seconds . (Where x and y are the coordinates of the exit point)

Leave the stage (without glide) Hide with duration O seconds + Timer
Event with duration n seconds

Move Glide to x, yActivity with duration n seconds . (Where x and y are
the coordinates of the final position of the subject).
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Zoom  Size Activity with duration n seconds

Rotate Turn Activity with duration n seconds

Speak  Text sound Activity with duration n seconds
Sound Generic sound Activity with duration n seconds

Emotion Change costume Activity with duration 0 seconds + Timer Event
with durat ion n seconds

Change costume Change costume Activity with duration 0 seconds +
Timer Event with duration n seconds

4.5.3 From IL to target language

In this Section we briefly describe how a story is translated from the Intermediate
Languageto the target language,x EOE OE A A1 G 11 GOrABE I8 side of the
formulas there are the IL components described in Sectiorn3.3 on the right side of
the formulas there arethe Scratch blocks described in Sectiord.4.2

Events:
Start Event When flag clicked
Timer Event Wait n seconds (Where nis the timer duration).

Sendmessage Event  Broadcast fimessage0 in the current stack

Message received Event (Actor lane) When | receive fmmessag:
the current sprite
Message received Event (Sound lane) When | receive fAimessag.
the Stage

Gateway:
(Actor lane) Broadcast A mets 3xa g When | receive

A me s s @ girtlbe actor sprite

(Sound lane) Broadcast Ames s adgwWien Hrecdve
A me s s a girtbe stage

The gateway add a Broadcastmessageblock to the current stuck and three new
When | receive messagalock, one for every flow The flow elementsof the gateway
will be stacked in the new stacks
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Activities :

Image setter Activity switch costume to namel +wait n seconds
+ switch cost ume to name2 . (Where namelis the image name,n is the
changing duration, and name2is the default

Change costume Activity switch costume to namel + wait n
seconds + switch costume to name2 . (Where namelis the image name,
n is the changing duration, and namez2is the default image)

Hide Activity hide
Show Activity show

Glide to x, y Activity glide n seconds to x1,yl . (Wherex1landyl
are the coordinates corresponding to final position of the subject after the movée

Move to X, y Activity go to x1,yl . (Where x1 andyl are the coordinates
corresponding to final position of the subject after the move)

Text sound Activity start sound name +s ay text for n seconds
. (Where name is the name of the sound that we want to play, andn is the
duration of this sound)

Generic sound Activity play sound  name until done . (Where name
is the name of the sound that we want to play

Zoom Activity Repeat a times (change size by b + wait c
seconds )

Rotate Activity Repeat a times (turn right b degrees + wai t
c seconds)

TheO: T 11 6 AT Aormblasinéed okedexplanation:

In Scratch does not exist the idea of change size or turn in a given amount of time,
S0, to obtain this result, we needto loop different blocks of Scratch, as seen in the
formulas abowe. Introducing the loop in the Scratch program however, might
generate lagging problems.

To address this, frst of all, an analysis ofthe lags in Scratch programs was done
we discoveed that the execution of one Scratch block generates a waste of time
that we analyzedto be 17/20 %With the use of single or a couple of blocks at a
time, the lag is not visible; for this reason, the blocks that are not inside aloop
should not cause any problems

We consider a problem only the lag generated bya loop (that we want to use in
zoom and rotation case$, becausewe can havetens or hundreds of blocks
executed together and this can generate visible lag
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Therefore, for the following formulas, we made some approximation based on
empirical data and on what we have observed from the results in Scratch
execution.

In the formulas of zoom and rotate activities, a is calculated in the following way:

®w 0 Q
Where t is the duration in seconds of the rotation/zooming and f representsthe
number of frames per seconds.

O N @
in total?)

O TMMTOE M pu

The number of times to repeat the loop (f) is chosen like that becausel5 frames
per seconds are enough for the sensibility of thehuman eye (to see themovement
continuous and fluid). The value of the waiting time c is the delay in secondsto

avoid too many frames in a second(with the chosen value they are at maximum
25).
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4.6 Translation example

In this Section we present a practicalexample of the translation from the source
language to thetarget language For better understanding and for simplicity , we use
the graphical representation of the source languageand the target language As for
the IL components, they are representedwith the proposed, BPMN-based,graphical
representation that, as previously discussed, s intended only to ease human
understanding; at the moment, it is not possible to directly define the IL components
from a graphical point of view (see Section3.5for the data model of the IL).

Applicatio n. The exampleis a simple story with just two small scenes: scene 1 and 2
(Figure 4.13.

Torna ai dettagli
della storia

Story Crea una nuova scena

scene 1 18,00 secondi Dettagli

2 i
fo
“ Scene 2 15,50 secondi Dettagli T

Figure 4.13z Example scenes of the stonAPP

Intermediate Language. In the Figure 4.14(for a better resolution of the Figure se
Appendix 6-B), the full story in the Intermediate Language is showed. In the next
paragraphs we will describe it more in detail, starting from the Stage pool and the
Saund pool, then analyzing the Actors in scene 1 and in scene 2.

i =8 : 0—e—0—@
- eEMH=H=te{=jelmH=h |
b e=e (el o & ©
. =e{=led{=]
0 N = Y W ' o
=)

Figure 4.14- Example:Story in the IL
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In the Figure 4.15 we can see that the Stage podbr the scene 1 has only onactivity :

the @hange costume activity that set the background image at the starting of the

scenel! £FOAO OEA AAOQOEOEOU OEAOA EO OEA O3ATA i
lanes the mess@ A O3 O A O Ghe 3kalidn Af thé &c@ne is representd by the

AOAT O OOEiIi A0és ' O OEA AT A T &£ OEA OAAT A OEA
that OAAAEOA OEA 1 AOGOACA OwiAdshowddri tieFigure ATAA O %1 A
the same is for the scene 2.

Stage

g &)

A A
|

| End Aclors
Start Scsine 1 | End \‘iound
1

Figure4.15 Example: Stage scene 1 IL

As showed inFigure 4.21 the first scene is created inside the application with one

sound block for the narration, one for the background music and one for the sound

effects. The three sound blocks are translated irthe IL asshowed in the Figure 4.16

AO OEA OOAOO 1T &£ OEA OMDAIGKAOCHE R ODIAICIA OGIOATIOAS
the Stage, then a@Gatewayy A E OE A A O th@& differdrtt flows: Hackground,

narration and sound effects. Inside each of them there are the corresponding block

for the scene 1, in our case there is onactivity each, preceded by eventghat indicate

how long to wait before starting the activity.

1
u
| ( )
| background Generic sound
| (15.99_secs)
| \ J
Start Scelne 1 Teec
)
" Y
narration Generic sound
(3.95 secs) N\
1 sec ) r §
 SE—
sound effects Generic sound
(1.75 secs)
5sec -

Figure 4.16- Example: Sound scene 1 IL
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In the scene 2, instead, there are any music blocksgither narration nor background
music nor sound effects), this in the IL is translated as showedn the Figure 4.17 Up
to the O atewaydelement, everythingis the same of the scene 1, but inside the gateway
flows there are no elements.

Start Sc(ine 2

® b <

Figure4.17- Example: Sound scene 2 IL

Scratch. In the Figure 4.18 the story from the Stage point of view of Scratch blocks is

showed.) T DAOOEAOI AOh ET OEA 1 AZO0 OEAAR OEA 0O
A1 E AigteAranslation of the Stage pool showed in the. The other stacksof blocks

are the translation of the sound pool described in the previous paragraphsNow we

will describe them more in details.

start of scene 1 - sound [ - x

background

g
| 10
— P play sound S$1620230499841 1621503572412 1621504307957 wav +  until done
P £ x
-
switch costume to B1615466012731. DEFAULT png « 0
play sound S1620230499841 1621503572412 1621503924723 wav «»  until done

0.0

|- x

start scene 1

g 0 sound effects
play sound  S1620230499841.1621503572412.1621505625206.wav +  until done
00

- x

155 start scene 2 - x

start of scene 2 - sound

Figure 4.18- Example: Stage SCRATCH

Stage pool In the Figure 4.15 we can see the detail of the scene 1 in the Stage pool
and in the Figure 4.19its translation in Scratch blocks (with also the scene 2) The
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30A00 AOGAT O EO OOAT O1 A Qwhiéh iskhe fir<d Blokk aGrivaied T /El A(
by Scratchwhen the user click on the flag that will play the animations. The change

costume activity is translated in a @hange costume block and a Qvaitd block of 0

seconds (because the activity change costume has duratiolof 0 secondy. The

translation of Send messagés the block OA O1 A AherOSritch executethe

OEA OPOEOAOR OE OO0 mdéskabe dhilt e ex@euteddhe eventdinieA A E O A
EO OOAT OI AOGAA ET ® EAMiskh& QuialvA & thé dcénd Ehe tdx AE O
Message receivedvents are not translated because they are not useful for the Scratch

story execution. The scene 2 is translated in the same way of the scene 1.

swiftch costume to  B1615466012731.DEFAULT.png v

I_’_‘

0.0
- x

start scene 1
18.0 2

switch costume to B1621331290926 DEFAULT.png »

00

- x

start scene 2

Figure 4.19- Example: Stage scene 1 SCRATCH

Sound pool. In the Figure 4.16 we cansee the detail of the scene 1 in th&ound pool
and in the Figure 4.20, its translation to the Scratch blocks inside theScratch Stagds

showed. 4 EA Al T AE AT i1 AT OAKORAOT A6 ddidnwdéifhe OAAT A
Message receivedvent. The first block aEO A O  é&rH feceeinizio Scena: scenedl
isthA OAOT AAAAOOG6 OE A O Ght€vayibik And Dserdbti@imésSdgd 1 1T A

of the gateway to the other three stacks: one for the background, one for the narration

and one for the sound effects.Thus, for each flow there is the corresponding Scratch

stack. TheTimerAOAT OO AOA OOAT O1 A O AGknedcGoudbcthite®6 Al 1 A
AO OEA OBl AU OI OTFArth®3céng 2 is tieisdmé but tdeithired $fa0ks
corresponding to the three flows are empty for the same reason previously exgined.
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{v X
start of scene 1 - sound ] E— - x
A
- N ] background
: ~ { 10 £
[—Q L
N P play sound 51620230499841.1621503572412.1621504307957 . wav + until done
N = 4
| ‘ |- x
R narration
10} 4
-
play sound S1620230499841.1621503572412.1621503924723.wav + unfil done
| - x

£ sound effects
L 5 O',‘ | Z

play sound S51620230499841.1621503572412.1621505625206.wav +  until done

Figure4.20- Example: StageSound scene 1 SCRATCH

Scene 1

Application . In the application (see Figure 4.2), the first scene has only one
character and there isonly one block for the narration, one block for the background
music and one block for the effect sounds.4 EA A E A O A A @it dedfwifOE U 6
the Figure) has: threeyellow blocks action (enter, change sizeand exit), two cyan
blocks speak one red block emotion (O hgryd and one light red block appearance

(O0&1 UET ¢c6 Q8

R RN N RN RN
- -t ‘ et .

.’i{\ @ Where is everybody?! Here we go!

Fatina dei fiori . | valo

Narratol ﬁ Suono. !

Sottofondo ﬂ Susna

| |
S — -
Figure 4.21- Example: scene 1 APP

Intermediate Language .Inthe Figure4.22h OEA OAAT A Y &OI i OEA O
is shown. The first Activityh AZOAO OEA OAAADPOEIT T 1 e OEA |

Image setterthat set all the initial information about the character in the scene like
the position, the rotation and the size (in this case wedid not modify the settings so
they will be the default ones). After the Gateway, the three flows are managedas
previously said the movement flow, the speak/sound flow and the
emotion/appearance flow.
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Movement flow. We can notice that the yellow block enter from the APP s translated

in three different Activitesd, O- T O A(x,yad the @dinUfdom where the character

starts its movementto enter)h O (liefore this activity the character is not visible)

AT A O’ (theEadtidity that perform the entering movement until the character

reach the final position). The Change sizeblock of the app is translated in a (Bized

activity . The exit block is translated in two Activities: @lidetox,yd6 | @h U Eod OEA
the edgewhere the characterfinish is movementAT A OA g&©®H A Ajl AEOAO OF
the character is no more visible in the scene).

Speak/soundflow. In the Figure 4.22 we can see the two(Text soundd activities
corresponding to the two Speakblocks of the application.

Appearance/emotion flow. The Emotion block and the Appearance block are
translated astwo O #ange costumeactivities.

Move to x, y Show Gidetox,y i Size
x=-300, y=0 {0_seconds] ¥=100, y=50 . (3_seconds)
) onds) (2_seconds) g T =4
250 2sec
Text sound @ Text sound
375_secs) (1.875_secs

Figure4.22- Example:Fairy scene 1 IL

Scratch. In the Figure 4.23 the result of translation in Scratch for scene 1 for the

O/FAE OU G . IELposSitlld tocnhtike that the scene, for the character, starts when

OEA 1 AOOACAOGOGOAOARRARAERMR AA XIEDE ORiterAhkstgt OAAAE
of the scene, there are thdive blocks corresponding to the Image setteractivity, and,

as the last block of the first stack there is a(roadcasty that sends the message

O' AOA x A Uandstahk thrideYniore stack, that are the three flow created by the

gatewayin the IL. Some activities aredirectly translated to the corresponding Scratch

block, while others needed morethan one Scratch block, and we will now focus on

these last ones.
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inio Scena:scene 1~ - x

start of scene 1

- x

swiich cosiume to  C1621331586390 DEFAULT png ~

movement line h x
i Appearance/emo tion line
} e o
¢ -]
S Ry
5.0 . N
= = - x Y -
wo: €D+ @

switch costume to  C1621331586390.ANGRY.png +

‘switch costume fo  C1621331586390 DEFAULT png +

IuI :

=

45 start sound  51620230499841.1621503572412. 1621509415627 wav « 0.0 )

N
change size by (QEEEEERELY E= \Where is everybody?! (Ve @ seconds L 4 0,3

‘switch costume fo  C1621331586390.in volo.png v

( 0.04 ]

S~

{ 2.0
switch costume to  C1621331586390.DEFAULT png +

S myfn( 1.875 JECETS
e @ o< @D + €D -
hide: —

Figure 4.23- Example:Fairy scene 1 SCRATCH

start sound  51620230499841 1621503572412 1621505881955 wav v 130 )

o
2

Movemert line. We can notice that the Sizeactivity from the IL is translated in three
different blocks (following the loop formula explained at the end of the previously
Section).

Speak/soundilow. We can see that theText sound activity is translated in two Scratch
blocks: Gtart soundd (which performs the recorded file) and Gayd (which print s the
line on the screen).

Appearance/emotionflow. We notice that every Change costumeactivity is translated

in four Scratch blocksq, O O x E O A EwhiBh h@sGihpétthe ifnage that we want

to show with the activity Qh O whidh&E®O jOEA AOOAOQEI T 1T &£ OEA
AT 0001 A. AvBicEA&fbrd éhe ghanging of the appearance to come back to

the default one, because we want the appearance change only for theudation of the

activity and then come back to the default one)AT A AT OAIl b O®etause AEO Al
the default image has not a duration).

~ s N s o~ A

~ N s N s o~ A s~ Az

Therefore,inthe) , OEA AEAOAAOA O(sdeRidghre A24)@idEhd ok AAOE O
OEEAABGOED TAT IO Al T AE Al Oscénéad Av@dsiBtiorpbthedl] OE A
(seeFigure 4.25).
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7 sec

Actors

|

|

|

|

|
e

Start Sci 1
Hide
@—] o2 O

hedgahog

Figure 4.25- Example:Hedgehog scee 1 SCRATCH

Figure 4.24- Example:Hedgehog scene 1 IL

Scene?2

Application . In the application (see Figure 4.26), the scene2 hastwo participants.
4EA AEAOAA Gdita dé) BoASE ORIl FigupeiXiias: two yellow blocks action
(enter and move), one dark cyan block soundand one cyanblock speak two light red
blocks appearance

1 3 | 4 ‘ 5 6 a 10 1 1 13 4
= Li2 Spostati

9 ol in scena

! l | | |

L p Q Suon: ‘ Hallo!
ﬂ | | [ | | |

Fatina dei fiori . volo ‘ sorpras
‘ ; @ e o
[I=5 . Ricclo arrotolate.
Narratore n ‘ ‘

Figure4.26 - Example: scene 2 APP

Intermediate Language . In the Figure 4.27, the OAAT A & A& O OEA AAO
showed, while in the Figure 4.28, it is showed for the actorO E A E T A tBis last,

we can notice that there is one of the three flows inside thegatewaythat is empty,

this is because theedgehogp AT 11 O EAOAinAHebcenk AOET T Al T A

"

! ~ ~

: movement . M";;om xsé ) Show Ghd;.- o 4 G\i%e to Xy

¥=-300. y= x=0, y= x=0, y=-

| (0_seconds) (0_seconds) (4_seconds) (2_seconds)

Start Scelme 2 2sec L y
—
V speak
= Image setter sound Generic sound Text sound
(0_seconds) (7.91_secs) (1.625_secs)
I 1sec 1.094 sec
I
——
| appearance
Jemotion Change Change
| costume costume
(7_seconds) (2_seconds)
! 2 B 1 B
sec sec
I —
I

Figure 4.27- Example: Fairy scene 2 IL
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Start Scnine 2

Image setter speak/sound Generic sound
(0_seconds) (1.25_secs)

3 sec

)
appearance

|

|

|

Jemotion Change

' :

| (8_seconds)
|

I

4 sec

Figure 4.28 - Example: Hedgehog scene 2 IL

Scratch. In the Figure 4.29 and in the Figure 4.30, the scene 2 forOFEAE QUGS AT A
Gedgehop OAODPAAOEOAI U AOA OET xAA8 &1 ©OpodtEA &AE(
out8 &1 O OEA OE Adii@ &a forQhe mevdmen flolv empty ther e is only

thecorAODIT 1T AAT O OxEAT ) GddhAmpdAtack. 3AOAOAE Al T A

- . start of
gotox: ¥ scene 2

setsize to (iR %

point in direction @

switch cosfume to  C1621331586390 DEFAULT png =

- x

Appearance/emotion line

Gateway scena Scene 2 « I

- X

movement line
4

speakfsound line

wait msemﬂds

play sound  51620230499841.1621506134808.1621508669697. wav =  uniil done

glide m secs to x- o ¥ @

LI 1.09375 FGLGH

glide m secs to x2 o y: @

start sound 51620230499841 1621506134808 16215083797 10.wav v

say @for 1.625 EECLOLLE

Figure 4.29 - Example: Fairy scene 2 SCRATCH
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when | receive  inizio Scena’ Scene 2 -
start of scene 2

when | receive  inizio Scena: scene 1 »

sel size fo (gl %

point in direction @

switch costume to  C1620084589438.DEFAULT.png

- x
broadcast Gateway scena Scene 2 »

movement line
scene 2

£

- x
- x
when | receive Galeway scena Scene 2 v

Appearance/emation line

speak/sound line scene 2

scene 2

~)
A

when | receive  Gateway scena Scene 2 = when | receive  Gateway scena Scene 2 v

ven (@) seconcs

switch costume to 39438 Riccio arrotolato png *

play sound S51620230499841.1621506134808 1621508210752 wav »  until done

switch cosiume to  C1620084589438 DEFAULT png =

wa’l@seconds

start sound  S51620230499841 1621506134808 1621508453224 wav «

say @ for @ seconds

Figure 4.30- Example: Hedgehogtory SCRATCH
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4.7 Remarks about the IL use

Using the Intermediate Language in the translation process helps to divide the
translation in two separate parts.Doing this required more effort but (1)significantly
reduced the complexity of the translation and (2) made it flexible and independent
from both the application user interface and the execution platform .

(1) The complexity of the translation was reduced becauséhaving an intermediate
step allowsto reduce the O O A | Adistarieel between the source langiages and
the target onesat each step Indeed, the graphical components of the application
that describe a storyare more similar to the IL languagethan to Scratch at the
same time, the Scratchcomponents to describe a storyare more similar to the IL
onesthan to the application ones Testing the code of the application during the
development phase also benefited from this solutionbecause wecould test the
two OPDAOG £ OEA OOAT O1 AGET1T ET AADPAT AAT Ol U8

(2) During the development of the application, we made some modificationto the
user interface components and the Scratch componens. Thanks to the IL, wedid
not have to changethe entire translation process,but we modified only the
affected part, that were much smaller.

At some point we needed to translate a single scendo Scratch; it was not

something we originally planned to do, but it wasan easytask, because we only
had to create the logic for translation from the application to the IL without any

need to changethe logic for the translation to Scratch (because it is the ame for

the translation of an entire story).
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5 Application User Interface

In this Sectionthere is the description of the front-end of the application prototype,
the part of the application the client interacts directly with . There are collected and
described some screenshots to show the user interface of the applicatiomrototype
and the available features.

5.1 Home

When the application start, the first pageshowed isthe home page. Thehome page
hastwo main panes: the list of stories and the buttons pane (see Figure 5.7

List of stories . Each row of the list is a story, the story is represented by the
background of its first scene, its title, and its number of scenesClicking on a row the
selected story will openshowing the story details (see5.3.1Story details).

Buttons . By dicking the ZE QOO A OO OI 1 thuseDdadobeatd aOnevOsfody 6
sothe story details page will be open (se&.3.1Story details). The other three button

are the libraries buttons (in order: characters, objects, and backgrounds), by clicking
one of them the user will open the chosenlibrary (see5.2Libraries)

/ﬁ\Home Storie  Librerie

Le mie storie:

Nuova Storia

Una storia magica 3 scene

Storia di Prova 1 4 scene .
Libreria dei personaggi
Storia 2 scene "‘
Libreria degli oggetti
Red e Toby - A 2 scene ..’

Libreria degli sfondi

N IE Storia di U 1 scene

Figure5.1- Example of Homepage
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5.2 Libraries

As previously descibed, in the application there is the possibility to add personalized
characters, objects or backgroundsEach of them has their avn library, the library
page has the list of the elements and a button.

List of elements . Each row of the listis the element represented by the default image

and the name. Qicking on one of them the details page of theselectedelement will

open.

Button. " U Al EAEE] C edicfahewh 8001 DEA# OOAO AAT AOAAOD
so the element details page will be open The element details pages (one for each type

of element) will be shown in the next Sections.

LiGreria dei pergonaggi oAz Libreria degli oggetti R

Libro di fiabe

Pulmine

|
=
)

-

-
g

ol

N\

HP Abram

Spada

thanpg

Drago

Principessa
Figure 5.2 - Example of Characters Libranpage Figure 5.3 - Example of Objects Libranpage

Crea un nuovo

LiGreria degli sfondi SFONDO

Portone castello

Jungla

Caverna innevata

Concerto
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Figure 5.4 - Example of Backgrounds Librarypage

5.2.1 Character details

To create a new character in the character library it is mandatory to enter a name and
a default image choosing a file from the pc, the other fields are optional. The details
fields is where the user can add some information about the characte If the user
does not enter an image for the emotion fields, the application will use the default
one. The personalized images listcontains, for each row,the image, the name of the
image and a button to delete the image from the character fields. Below the
personalized images list there isa button to add a new personalized image, clicking
on the button opens a pop-up where the user can enter the image name and the image
file choosing a file from the pc.

Annulla Elimina Dettaqei dee pe"so“aqg“o Salva modifiche
FELICE
Nome: Principessa ‘ Immagini personalizzate: ‘
Una bellissima principessa con il vestito azzurro \ Amore Flimina
Modifica
Dettagli:
. TRISTE
¥\ Coraggio Elimina ‘
¢ Y
‘ Mago Elimina Modifica
ARRABBIATO
Immagine Cambia
default: ' ) immagine ’

Modifica

Inserisci una nuova immagine

Figure5.5- Example of Character Detailpage
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5.2.2 Object details

The object details page is the sara of the character ones described in the previous
Section, only without the emotions fields.

. Dettagli dell'oggetto Salva modifiche

Nome: Drago Immagini personalizzate:

In volo Elimina

Sputa fuoco Elimina

Dettagli: ﬁ

Immagine
default:

Cambia
immagine

Inserisci una nuova immagine

Figure 5.6 - Example of Object Detailspage

5.2.3 Background details

The backgrounds details page has only the name field and the image of the
background. To create the newimage, the user needs to enter a name and an image
file from the pc. User can create a newBackground or modify an existing one.

Annala Dettagli dello sfondo rea sfondo Ammola | limina Dettagéi detlo gfondo Selva modfiche

Nome: Nome: Cavernainnevata

—

_—
=

WML —

Cambia immagine

Cambia immagine

Figure5.7 - Create a new Backgroungage Figure 5.8 - Example of Background detailpage
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5.3 Story

While the libraries are the Secton of the application where the user can create and
modify Characters, Objects and Backgrounds, the Storpagesare where the user can
import them from libraries and create apersonalized story.In the next Sectionswe

will show all the pagesuseful to create or modify a story.

5.3.1 Story details

The story details page has the Title field that is mandatory for the creation of a new

story, and the description field that is optional. 7 EOE OEA Obuto® hdused AAT Ao
can open theList of scenes of the story4 E A re@e#Story for Scratctd A OOOI 1T AOA/
a new .sb3 file of the story in the directory selected from the userThe three buttons

in the top Sectionof the page are: come back tthome, deletestory, and save changes.

There are other three disabled buttons that represent additional features that we

would like to add that are not yet been fully implemented, they will be described in

the Section8.2.

Elimina Storia Dattaqei deeea sto‘!ia Salva modifiche

Titolo: Una storia magica

Lista
scene

Descrizione:
Elenco ragazzi partecipanti:

Crea Storia
per Scratch

Figure 5.9 z Example of Story Detailgpage
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5.3.2 List of scenes of the story

/T OEA O P 1T &£ OEA PACA OEAO-AuterOthabdpeh th& AT I A 2
Story details page the title of the selectedstory andthe OAOAAOA 1T Ax OAAT A«
that open the Scenedetails page for the creation of a new sceneln the center of the

page there is the list of the scenes, whergby clicking on a single scene, the user can

change its position in the list with the up and down arrow in the right side of the

page For every row of the list there isa button to open the Scenedetails and some

information of the scene: the background, the title of the sceneand the duration in

seconds.

U na Storia magica Crea una nuova scena

Torna ai dettagli
della storia

Scena 1- primo incontro 43,03 secondi Dettag\i

Scena 3 - nel castello 30,00 secondi Dettagli

Scena 6 - Felici e contenti 44,00 secondi Dettagli

A4

Salva
ordine
scene

Figure5.10- Example of Scenes Ligiage
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5.3.3 Scenedetails

/T OEA Oi b 1 £ OEA i RAA QM AGE OOA OBAAR T ADALIsA OO 0T 1
of scenes of the storypage, the title of the selected story O E Savedchanged A OO OIT 1

that save the changes in the scene fields, andielowh OEA O$ A1 AOAe OAAT Aq
the scene andopen the List of scenes of the storypage. On the bottom right corner

OEAOA EO OEA O/ PAT OEA OAdéndEdAokpagd.ToGateA OOOT 1
a new sceneof the story it is mandatory to enter a title and a background image

choosing a file from the pc, the other fields are optional. The optional fields are: a

description of the content of the scene, thelist of characters and the list of objects

that are presentin the scene.Background, Characters and Object can be chosen and

imported from the libraries of the application clicking I T CeHith @A OOOIT 1T A&l O
firstand1 1 Gé&dd & OforGhe dthers two.

Torna alle scene Una Storia magica Salva modifiche
Titolo: Scena 6 - Felici e contenti Elimina scena

Ultima scena della storia magica... vissero tutti felici e contenti

Sfondo della scena:

Descrizione:
Personaggi della scena: QOggetti della scena: 1

. z ~ B g g

| {BAN Principessa P Cavallo bianco

¢ ot $ Modifica

i .
Elfo Libro di fiabe Apri I'editor
della scena

Elimina Aggiungi Elimina Aggiungi

Figure5.11 Example of Scene Detailpage

5.3.4 Scene Editor

The more complexSectionof the application is the scene editor.Here the users of the
application caninteract with a timeline and create the content of a scenewhich will

be represented bysome initial settings and a sequence of blockgdescribed in the

Section 4.3.2. There are two examplesat the end of this Section: Figure 5.12and
Figure 5.13
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/1T OEA Oib 1T &£ O
ScenedetailsPACAh OEA
the changes

EAOA EO OEA O#i1 1A
OEA OAI AAOAA 'AA

Below there isa horizontal pane divided in three part: (1) The background image with
a coordinate plane on it (that help to find a specific pointx, yin the image).(2) The
selectedblock details: where all the details of the block are shown and where the user
can enter or changethe fields which vary according to the selected block (3) The list
of the lines of the scenewith the name of the character followed by the text of the
line.

Torme s dsttst oorm Scena 6 - Felici e contenti Seben modfiche

‘Dialoghi deila scena:
Elfo: Questo &' per vai dus!

Emozione:

® Felice

ApriPlayer | ApriCanella | AvSioms Annulla Elimina Conferma

=
S EOYEOY

Figure5.12z Examplelof Scene Editopage

Torna ai dettagli scena Verso il castello Salva modifiche

Dialoghi deila scena:
31 siute

Immagine personalizzata:

T

Apri Player  Apri Cartella

i

Eifo

Eecol La spaca beltal ‘

e
YHEOYEON

Figure 5.13z Example2 of Scene Editopage
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The main section of the editor page s the Timeline divided vertically into seconds
which is composedasfollows:

A section for eachcharacter consisting of:
- Actions (yellow): within which it is possible to manage the movement,
rotation, zoom, scene entry/exit of the character.

- Dialogs (cyan) and sounds (turquoise): to allow the character to speak or
to make sounds.

- Emotions (light red) and appearance (soft red): where it is possible to
manage the emotion or the look of the character

A section for eachobject of the scene divided into:
- Actions (yellow): same as that of the character
- Sounds(turquoise): to insert sounds associated with the object.
- Appearancgsoft red): where it is possible to manage the look of theobject.

A section for narration (turquoise).
A section for background music (turquoise).

A section for sound effects (turquoise).
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6 Implementation

For the implementation of the entire thesis, we usedNetBeans IDES8.2, with Java B,
and, for the front-end, we used JavaFx, witt=XML. In the next chapter we will see
some details abait the implementation .

6.1 Data Model

We want to present the data model of the Application, and the data model based on
Scratchfile format. Thesetwo parts are the sourcemodel and the target model of the
translation, in the middle there is the Intermediate Language the data model ofthis

one is already showed in the Section 3.5

6.1.1 App data model

In Figure 6.1and Figure 6.2 the app data model is showed We omitted the class
O0AOOT 16 AAntAidg A(merd defaid ik Section8.2) and the getter and
setter of all the attributes. The coloured classes are the most important to give
meaning to the datamodel.

]
model

Image <abstracts <interface»
-id: String StoryElement StoryElementinterface
-name: String e T [t

< -id: String D +getld(): String
-filePath: String -defaultimage “name: String +2atld(String id): void

+getDefaultimage(): Image

StoryParticipant

+getAbsoluteFilePath(): String
+getimageCenter(): PointXY \ f +setDefaultimage(image defaultimage): void
% -personalizedimages «abstract>

-details: String

«enumeration:
Emotion

HAPPY
SAD -emotionsimag;

ANGRY
NONE StoryCharacter StoryObject

/
t
/ story -characters
-objects
-image
d ~background
InitialSettingStoryParticipant Scene
-id: String s 1
~xCoordinate: int -initialSeftingsList "I tgng
peomuaeay j:1“:5;:n;\rtllr;gn String blocks
-zoom: int blocks
S -lengthinSeconds: float Q"“‘-_
-isMirrored: boolean «abstracts
-is\Visible: boolean scenes Block
-subject: StoryParticipant \‘\_ S
-id: String
+getAbsoluteFilePath(): String ,|ﬂng|nggmm5- float
Story -startSecond: float
= +getEndSecond(): float
_'[ﬁ‘asgmg +getLonglnSecondRound(): int
~description: String +getEndSecondRound(): int
-isDefault: boolean
+getCharacters(): List<StoryCharacter>
+getObjects(): List<StoryObject>
+getBackgrounds()- List<Background>
+getlLengthinSeconds(): int
+getDefaultimagePath(): String
+getDefaultimageAbsolutePath(): String
+getScenesSiza(): int

Figure 6.1z UML class diagram:App data model
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In this paragraphwe describedsome interesting information that are not showed in
the UML. The user has to choose charactergybjects, and background o the scene
from the ones in the libraries (as previously said the application has thelibraries of
the elements and the list of all the story as two independent parf), and the chosen
element is imported into the scene so from then on, they will "live" astwo separate
objects in memory. The Emotion enumeration has the override of the toString
method that return the Italian version of the enumeration values.

I

«abstract>
Block

id: String
-longInSeconds: float
-startSecond: float

+getEndSecond(): float
+getLonglnSecondRound(): int

+getEndSecondRound(): int

appearance /

wabstract»
AppearanceBlock

-isMirrored: boolean

GenericAppearanceBlock

EmotionAppearanceBlock

-image: model Image

-subject: StoryParticipant

-subject: StoryCharacter
-emoation: Emotion

+getlmage(): model Image

GenericAudioType

«enumerations

NARRATOR
BACKGROUNDMUSIC
SOUNDEFFECT

-type

blocks

action

MoveActionBlock

-xCoordinate: int
-yCoordinate: int

Y

\\

<absiracts
ActionBlock <]

“subject. StoryParticipant

ZoomActionBlock

-zoom: int

RotateActionBlock

ExitActionBlock

-exitType

EnterActionBlock

-xCoordinate: int
-yCoordinate: int

-enterType

ntel
StoryParticipantBlockinterface

+getSubject(): StoryParticipant

sound

«absiracts
SoundBlock

«enumerations
DirectionType

filePath: String

SpeakSoundBlock

+getAbsoluteFilePath()

String

<[ -subject: StoryCharacter
i |-isThinking: boolean

-text: String

-isWithBubble: boolean

Block

| tory ‘

-subject: StoryParticipant

MIDDLEUP
MIDDLEDOWN
MIDDLELEFT
MIDDLERIGHT
RIGHTUP
RIGHTDOWN
LEFTUR
LEFTDOWN
NONE

Figure 6.2 - UML class diagram:Blocks App data nodel

The method getimage of the EmotionAppearanceBlock returnthe default image of
the Gubjectdif the user does notadd an image for the current emotion.) 1
package there is a classthat check if the times data for one block are valid with

respectto another, in particular given two blocks, or given one block + the start and
finish times of another block, or given the start and finish times of the blocks, it will

return true if the two blocks @verlapdand false otherwise (the validation of the block
times are based orthe idea of timeline).

Every time one story is edited, the json file of that story is updated.

) 1

the stories for the stories list creation.

NN 2

OEA OEAI b/,

OEA EAI PAO DAAEACIA000 EARIGHAS GBetl fok thedomeOEA O3
page. In fact, when we open the app on the hanepage none of the stories ae in
memory, but only the list of Storylnfo, where there are only the usefulinformation of
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6.1.2 Scratch data model

In our case the target language of the translation is Scratch 3.0 fileofmat, that is the
format used to store exported Scratch 3.0 projects. These are ZIP archives, with the
extension .sb3, which contain information encoded in a textbased format called
JSON and project media in separate files?

An .sb3 file is a ZIP archivecontaining one JN file, project.json, representing the
project.

The following UML data modelis usefulto describe the project.jsonfile format?3,

Monitor Project Meta
=~ T -getSemver(): String

-getVm(): String
-getAgent(): String

«abstract»
Target TargetStage
-isStage: boolean -getTempo(): int

- -name: String -getVideoTransparency(): int
Lists “broadcasts: Hasmap<String, Sting= <& | _gelVideoState(): String

-blocks: HashMap <String, Block= -getTextToSpeechlLanguage(): Object

-currentCostume: int
-layerOrder: int
+getVolume(): int
TargetSprite
-getVisible(): boolean
-getDraggable(): boolean

-getX(): int
Costume Sound -getY(): int
Block -rotationCenterX: float -format: String -getSize(): int
-opcode: String -rotationCenterY: float -rate: int -getDirection(): int
-next: String getBimapResaluion): int -sampleCount: int -getRotationStyle(): String
-parent: String g P ’
-inputs: HashMap <String, List<Object=>
-fields: HashMap <String, List<Object==
-shadow: boolean
-topLevel: boolean
«abstract»
Asset
-assetld: String
-name; String
-mdbext: String
-dataFormat: String
Figure6.3- UML class diagram:Scratch data model
The Jakson ObjectMappe r.writeValueAsString( Project project)

automatically create the String for the project.jsonfile.

There are some emptyclassesthesedo not have any attribute nor methods because
are some Scratch features not useful for our case study and the Scratch file format
can be an empty value.

22 https://en.scratch -wiki.info/wiki/Scratch_File_Format
2 https://en.scratch -wiki.info/wiki/Scratch_File_Format#Format
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All the private attributes have their getter and setter that we omitted for simplicity .

There are someclasseswith only getter methods (also the Costume class has one):

these return some fixed values thatwe want that the Jackson ObjectMapper fills

automatically. The fixed values are some Scratch default values or some values
depending on our use case.

6.2 App resources

The stories and the libraries aresaved on files with the helper of Jackson. In théigure
6.4 there is an example of the application data on filesorganization: folders, json files
and images files (represented witha circle on the top of the file name). The files name
and the story names are thelD of the corresponding object in memory. The ID is
created with the System.currentTimeMillis() preceded bya letter (B for backgrounds,
C for characters O for objects, S for stories) in the case of Image objets, the ID is
the ID of the element (background, object or characte) followed by: 0 $ %& ! 5 ,

it is a default image), the EMOTION (if it is an emotion image, only characterscan
have ong, or the name of the personalized image (only characters and objds can

have ong.

The json files in Gtorymemberlibrary dcontain the list of the corresponding elements
I E G® eakhdstor® 8ad1 OU) 1

of the app. The storiesList.json col OAE 1
previously said, Btorylnfodcontains some main information of the story).

OEA

storymemberlibrary

1

backgrounds

characters

objects

images

E1615466823827.DEFAULT.png

E161546601273L.DEFAULT.png

images

L
C1615328386438.DEFAULT.png
—~,

C1615328386438.HAPPY.png
O
(C1615328386438.ANGRY.png

O

-,
C1620081463401.DEFAULT.png

\
(C1620081463401.saluto.png

charactersListison

images

01615477490152.DEFAULT.png

stories

storiesListjson

——

— |

$1620090489983

S$1620090458983.json

EB1615466012731.DEFAULT.png
C1615328386435.DEFAULT.png
C1615328386438.HAPPY.png
O
C1615328386438.ANGRY.png

1620123430620

$1620123430620.json

B1615466823827. DEFAULT.png

€1620081463401.DEFAULT.png
)
L/

C1620081463401.saluto.png

01615477490152.DEFAULT.png

Figure 6.4 - App data filesexamgde
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7 Results

A4EA ADPPI EAAOCEI T80 AAT AEEAEA]T OAOOI OO0 xEI I
through the testing of the prototype with Esagrammat First, we will underline the

results obtained regarding the translation of the story from the application block

language into the Scratch block graphical representation. Then we will analyze the

results of the interaction of the participants from the associations with the
application.

7.1 Results of the tran slation

We presentthe result of the creation of the story during the experiments focusing on
only one of the main characters. In the nextSections we show the scene 1 and 2 from
the point of view of one of the main charactetO j O i Ad dusomized language of
the app and in the Scratch block language.Here we will show only the results, there
is an example of the translation process in details irthe Section4.6.

7.1.1 Example A: story

In the Figure 7.1we can seehe App view of the list of scenesof the story. The story

has two scenesO3 AAT A Yo 1T £ il Od 2368 dedndd adhTh®@3 AAT A
background of the first scene is theO &£I Othalb@dakground of the second scene is

the OIOI 1. &

Torna ai dettagli ‘ Red e Toby - A Crea una nuo

della storia

Scena’l 40,00 secondi Dettagli

R

o )
w I 63 i i
T ‘ Scena 2 28,63 secondi Dettagli

Figure 7.1- App scenes list: Example A

The Figure 7.2 displaysthe result of the story evolution after the translation into the
Scratch language from the Stage element of 8ratch point of view.

T 2 A s X oA =

setthe scenebackground imageA O OE A o2l OVAOB6 A 111 xAA AU
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block that indicates that the first scene isO O O A.GDbdk WéA OOE OAA Ol
block with the duration of 40 seconds which represents the whole duration of scene
1, the procedure will be repeated for the second scene.

The blocksTT OEA OECEO AOA A1l AipOU OOAAE
OA O1 A A AdkdDledausa ihere arenot any narration/background music/sound
effects in the story.

when | receive  inizio Scena: Scenal «

broadcast Gateway scena Scenal « e x

Marration
when | receive Galeway scena Scenal «

when | receive Gateway scena Scenal =

when | receive Gateway scena Scenal «

sounds effect

when | receive inizio Scena: Scena 2 -

broadcasi Galeway scena Scena 2 «

when | receive Galeway scena Scena 2 «

MRS s econds when | receive  Gateway scena Scena2 =

o when | receive Galeway scena Scena2
-

durafion of the second scene duration of the first scene

4

Figure 7.2 - Scratch blocks Story Example A

7.1.2 Example A: scene 1

O

In the Figure 7.3thereisthA OEI A1 ET A &£ O OEA AEAOAAQOAO

Figure7.3- App blocks: scene 1 Example A
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~ S z A

The Figure 7.4 shows the result of the translation fortheO2 AA6 AEAOAAOAO EI

when | receive  Gateway scena Scanal »

. -

- ®
o to X 4 Movement
- o - o Image setter 4
sat size to @ % — 4
poirt in direction @-
switch costume to  C1620132065159. DEFAULT png +

- x

broadcast Gateway scena Scenal «
Chanpge costume

uniil done
1125
startsound  S1620132478600.1620122400306.16201 33016836 wav ~
say for @ seconds
start sound  51620132478500 16201 32480305. 1620134004 756 wav =
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Figure 7.4 zScratch blocks scene Example A

7.1.3 Example A: scene 2
Inthe Figure750EAOA EO OEA OEI AT ET A £ @ OEA AEAOA,

Figure 7.5- App blocks: scene Example A
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7.2 Testing of application prototype : Esagramma

The prototype testing wasconducted with t he Fondazione Sequeri Esagramma Onlus
It is an organization in Milan that has been operatingfor over 30 years Its services
range from offering rehabilitation to therapeutic and artistic paths aimed at inclusion,

personal growth, and the rediscovery of beauty in allof its forms especiallyin music,

for people with disabilitie s.

In the first Section, the test settings are described, in the second Sectiorthe
description of the different participants and the results of the experiments will be
provided. Thenwe will present the feedback oftwo educators who assisted during the
session, Cecilia Pagliardini* and Cristina Bulgheroni?®,

7.2.1 Test settings

To evaluate the effectiveness of the application, an experimentof few weekswas
planned, involving a group of young people from the association Unfortunately, for
various reasons, it was only possible t@onduct only one sessionin which one hour
was dedicated for ech of the four participants of moderate/severe intellectual
disability .

The test was made withthe support of a computer and an interactive whiteboard
(IWB). The best setting in terms of user experience turned out to be the following:
showing the editor on the computer and the player of the scene/story on thelWB
(seeFigure 7.8 for an example of the best setting)

The participants were:

A: male, 14 years oldDown syndrome,

- M: female, 63 years old,Down syndrome,

U: male, 30 yearsold, severeGeneral Learning Disability,
G: male,20 years old,mental retardation and autistic traits .

The purpose of thetesting phasewas to evaluate the application from three aspects:
(1) the satisfaction of the user with the application, (2) the effectiveness it has in

24 Clinical psychologist, cognitive-constructivist psychotherapist. Master on Esagramma
methodologies. She has been collaborating since 2013 as a psychologist and music therapist with
Esagramma, where she leads groups of MusicoTerapiaOrchestrale® and individual paths of
MultiMedial Interaction.

25 She obtaired the Master as an expert in musical and multimedia paths for frailty at EsagrammaShe
has been working in Esagrammasince 204, where she ispart of the in MusicoTerapiaOrchestrale®
groups, she is educatorin the affective vocal education project, and $e leads individual paths of
MultiMedial Interaction.
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helping the user with intelle ctual disability improve his/her communication skills and
RYOEA ADPDPI EAAOETI 160 DPAOAI Oi AT AA 1 ABGAITI O

7.2.2 Description of results

We follow ed different approacheswith the four participants, t hus obtaining different
results that will be highlighted in this Section. The results are in accordance withthe
point of view and feedback of theeducators (seethe tables in the appendix 2-5, the
table used is a modified version of theone from the LYV project).

Subject A, assisted by Cecilia Pagliardini . The subject of the first experiment is a
1l4yearsold boy with Down syndrome. The story of this test is predefined, but it is A
who chooses, guidedby educators which lines to have the characters say

The problems of concentration and communication, anticipated by the educator, are
evident. In the last sessions of the multimedia laboratory, he is working on 0'he Fox
and the Houndd tale j Red e Tobyd.drhus, the educator decided to set up the
experiment based on this tale.Together with the educators, 30 minutes before the
start of the session we havedecided which scenes of the tale we want tocomplete
with A, and we created the two main characters The experiment was based on the
ability of the user to represent the main charactersin the scene that he previously
studied, to come up with the lines ofthe dialogue in the sceng record his voicetrying
to expressthe emotions of the characters and to make soundsrepresenting the
actions in the scene (fa example loud and fastknock on the table for running noise
or slow and soft tap on bongo for soft footsteps noisg.

The results obtained weresatisfying, the use of the application did not bore him as
he felt very happy to see the characters move and sak with his voice. Moreover,

despite his concentration problems, he was always very focuseahd involved, even if

this required a short break in the middle of the experiment as he was not used to
concentrate for so long during his interaction with strangers.

Narration . N.A.

Lines. There was a constant evolution of the vocal expression and the emotion
expression during registration of the lines, but at the end of the last scenethere was
a decline in attention and vocal expressiorbecausethe subject was rally tired due to
the high value of concentration required during the exercise

Subject M, assisted by Cecilia Pagliardini . The protagonist of the second
experiment is a 63yearsold woman with Down syndrome. The story made during
this test is invented by the participant. Shehas chosenthe main characters, but the
settings were already prepared
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She findshard difficulties in speaking and communicating. In the test phase, the user
appears active and engaged with a good ability to create and follow the stgiine.
However, she struggles to express herself as she needs assistance for speaking and
requires a lot oftime to tell the story she has decided to perform during the test, but,

at the end, she was really satisfied with the story she had created.

It is important to underline that the subject showed significant progress during the
experiment as her vocal participation considerably improved.

Narration . At the last scene of the story she tried to narrate the events of the scene
together with the educator, while previously she would take a long time to explain to
us what she wanted to happen in the story and would let the educator narrate the
scenes without even trying herself

Lines. At the last scene of the story,the line she registered wasreally good in
comparison with those of the first scene In fact, she was able to record theline
entirely, without having to take a break in between words and without being helped
by the educator.

Figure 7.7 - Photo taken during the experiment with subjectv

Subject U, assisted by Cristina Bulgheroni. The subject of thethird experiment is
a 30-yearsold boy with severeGeneral Learning Disability. The story made during
this test is invented by the subjectin all its aspects, settings, characters,and lines.

The problems of concentration and communication are evident. His vocal expression
is poor in term of vocal timbre and complex words. During the test,the userappears
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to be engagedand eager to create a storywhere the main characters arepeople he
knows and himself. Even if he had his own characters in mind, we did not have time
to personalize them on the app thus we had to usesome pre-existing characters with
a different physical appearancethan what he described It was not possible to notice
a particular evolution within the experiment, as the time available was very limited.
We tried to use the guitar both within the story and by recording the boy playing it
to insert the sound into the story.

By imagining some taracters known to him in the story, he was more immersed in
the story and he was capable of expressing himself bdr. The use of theguitar was a
key input as it motivated the boy and made him even morehappy about the result
obtained with his story.

Narration . N.A.

Lines. There was a constant evolution of the vocal expression and the emotion
expression during registation of the lines.

Subject G, assisted by Cristina Bulgheroni.  The protagonist of the last experiment
is a 20yearsold boy with mental retardation and autistic traits. The story made
during this test is invented by the subject, the characters were choserbased onthe
preferences of G, the settings werealready preparedexcept the last scene, which was
entirely built by him.

His vocal express#on is poor in terms of vocal timbre and complex words. In the test
phase, the user appeas active and committed, with a good ability to create and follow
the storyline. He needed to divide and shorten sentences into two or three words at
most, because itwas difficult for him to finish a complete sentence without mumbling
half of the words. At the end he looked really satisfied with the story he had created
and animated.

The subject showed an evolution during the experiment as his vocal expression
significantly improved.

Narration . At the last scene of the story the emotional identification with the events
and the characterswas even more evident The participation in the narration did
increase and improve throughout the experiment

Lines. At the last scene of the story, the line he registered was really goodin
comparison with those of the first scene. He decided in factto record the line entirely
without interruption and he successfully did, leaving us surprised with both his
initiative to do so and his good expression.
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Figure 7.8 - Photo taken during the experiment with subject G

7.2.3 Educator s comments

In the testing phase, the users appeared active and engaged, with a good ability to

interact, speak and Isten to the proposed application, considering the limitations

imposed by disability. They were all involved in the story, and they all tried to

PDAOOI 1T Al EUA EOd -h 5h '+ AOPAAEAI T U PAOOITAI
had a more fixed storline. Moreover, there was a significant progress in the
experiments regarding the vocal expression of the participants as they identified
themselves better with the story and they improved in their narration. These results

prove the effectiveness of the pp with respect to its intended purposes.

Strengths and important feature s of the App according to educators:

- Theeasy and fast way of creating the story and reviewing the scenes based on
the simple structure of the application allows the user not to get bored and to
retain a high level of attention.

- The possibility to decide all the actions during the scene helps the user to
observe a continuity in the story and to narrate it in an easy way

- Reviewing the entire scene while creating it permits the user tostay in the
context of the story and to see or listen to the changes in real time (as a result
of the new blocks added to the sceng

- The possibility for the users to listen to their voice just recorded while
watching the scene evolution, so within a context, helps them and motivates
them in improving their vocal expression and their narration of the scenes
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Inserting in an easy way new characters, objects and backgrounds, permits the
participant to completely personalize the story. It is a veryimportant f eature
for such users (people with intellectual disability) because it is difficult for

them to grasp abstract things

They also suggested some improvements and interesting features to add to the
software that we described in the Section 8.2.
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7.3 Testing of application prototype: Amicinsieme

To evaluate the effectiveness of the applicationwe planned asecond experiment
sessionwith the association Amicinsieme that lasted two weeks, in whichdifferent
approach with respect to the one made with Esagrammavas adopted

Amicinsieme is avoluntary associationthat dedicates all its servicesto people with
disabilities, offering various projectsand events that allow the subjects to enjoy their
time, learn something new and have fun with volunteers.

In the first Section, the test setings are described, in the second ongthe description
of the experiment and the results will be provided. Thenwe will present the feedback
of the educator Lorenzo Giuntini ?® who assistedand helped during the sessiors.

7.3.1 Test settings

The test was made with the support of a computer anda tv screen We used thebest
settings found out in the previous experiment: showing the editor on the computer
and the player of the scene/story on thetv screen (seethe next Figuresfor an example
of the best setting).

The subjects were: L, E and R. All the three have intellectual disabilitie, from mild to
severe

- L:male, 49 years old, mild intellectual disability,
- E: female,47 years old, mild/moderate intellectual disability,
- R:female, 52 years old moderate/severe intellectual disability.

The purpose was to evaluate theapplication from the same three aspects of
Esagramma experiment(1,2,3) but also some other more(4,5)1) the satisfaction of
the user with the application, (2) the effectiveness it has in helping the user with
performance levels and error occurrence (4) the possibility to customize the story as
much as yu want, (5) the importance and satisfaction to work together (more
subjects on the same story)

7.3.2 Description of results

The experiment was structured adollows: (1)choose within which project to makeit,
(2) decidewhat to do, (3) create the characters ad backgrounds, @) create the story.

26 Lorenzo holds a bachelor's degree in psychology and is studyindor his master'sdegreein clinical
psychology.
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(1) We have chosenOT AT OEA OAOOET ¢ DPEAOA whEMDEEI
is a microproject developed in collaboration with the neighbouring
kindergarten. The project consists in creatingwooden pallets with flowers to
decorate the gardenwhere the children play and that is shared with the
association
(2) We decided to create a story to explain the microproject to the children a
simple story related to the garden and the flowers.Thus, the first session was
focusedon the creation of the idea of the storyand the description of the main
characters.
(3) Between the first and second session, we created the characterand the
backgrounds for the storyand added them within the application.

(4) The second and last session wathe main one: using the application to create
of the story.

In the next paragraphs we will focus on point(4). The Figure 7.9 and Figure 7.11are
two photos taken during the story creation in the second session

Figure 7.9 - Experiment: Amicinsieme 1

First of all, they choose which character to play.E was the Geed R the Glower fairyd
and L was the @lements of natured(grain of soil, drop of water and ray ofsunshine).
The three subjects had to interact with each other through the characters of the story
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