
Ergonomia&Design

The book presents contributions submitted at the Conference
“Designing for Inclusive Learning Experience”, which was held in
Florence on May 10, 2019, at the Department of Architecture
DIDA of the University of Florence.
The conference main topics regard the application of Ergonomics

and Human Factors to Education, Gamification and Inclusion. 

The conference is a Multiplier Event of the european project
“PUDCAD, Practicing Universal Design Principles in Design Educa-
tion through a CAD-Based Game”, founded by Erasmus+ Program
KA203 and conducted by the Center for European Union Educa-
tion and Youth Programs.

10085
.1  F. TO

SI, A
. SERRA

, A
. BRISCH

ETTO
, E. IA

CO
N
O
 (ed

ited
 b
y)

D
e
sig

n
 fo

r In
clu

sio
n
, G

a
m

ifi
ca

tio
n
 a

n
d
 Le

a
rn

in
g
 Ex

p
e
rie

n
ce

Design for Inclusion,
Gamification and Learning
Experience

edited by
Francesca Tosi, Antonella Serra,
Alessia Brischetto, Ester Iacono

FrancoAngeli
La passione per le conoscenze Serie di architettura e design

FRANCOANGELI

10085.1_85.97  20/05/20  12:25  Pagina 1



Serie di architettura e design 
Ergonomia & Design / Ergonomics in Design 

 
La serie propone studi, ricerche e sperimentazioni progettuali, condotti nel 
campo dell’Ergonomia e Design / Ergonomics in Design, nei diversi campi 
nei quali gli strumenti metodologici dell’Ergonomia e dello Human-
Centred Design, uniti alla dimensione creativa e propositiva del Design, 
rappresentano importanti fattori strategici per l’innovazione di prodotti, 
ambienti e servizi e per la competitività del sistema produttivo. 
Moltissimi sono i settori di ricerca e i campi di sperimentazione nei quali il 
Design si confronta e si integra sia con le componenti più consolidate 
dell’Ergonomia (fisica, cognitiva, dell’organizzazione) che con i più recenti 
contributi dello Human-Centered Design e della User Experience. 
Obiettivo della serie è fornire il quadro del vasto panorama scientifico in 
questo settore, che spazia dall’ambiente domestico agli strumenti per 
l’attività sportiva, dalla cura della persona agli ambienti e i prodotti per la 
sanità e per l’assistenza, dai prodotti e servizi per la mobilità urbana ii molti 
altri ambiti, nei quali il rapporto tra Ergonomia e Design rappresenta un 
concreto fattore di innovazione. 
 
Direttore: Francesca Tosi, Università di Firenze 
 
Comitato scientifico: 
Laura Anselmi, Politecnico di Milano 
Erminia Attaianese, Università di Napoli Federico II 
Marita Canina, Politecnico di Milano 
Oronzo Parlangeli, Università di Siena 
Giuseppe di Bucchianico, Università di Chieti-Pescara 
Marilaine Pozzatti Amadori, Universidade Federal de Santa Maria (Brazil) 

Copyright © 2020 by FrancoAngeli s.r.l., Milano, Italy.  ISBN 9788891797780



 
Il presente volume è pubblicato in open access, ossia il file dell’intero lavoro è 
liberamente scaricabile dalla piattaforma FrancoAngeli Open Access 
(http://bit.ly/francoangeli-oa). 

FrancoAngeli Open Access è la piattaforma per pubblicare articoli e mono-
grafie, rispettando gli standard etici e qualitativi e la messa a disposizione dei 
contenuti ad accesso aperto. Oltre a garantire il deposito nei maggiori archivi 
e repository internazionali OA, la sua integrazione con tutto il ricco catalogo 
di riviste e collane FrancoAngeli massimizza la visibilità, favorisce facilità di 
ricerca per l’utente e possibilità di impatto per l’autore. 

 
Per saperne di più:  
http://www.francoangeli.it/come_pubblicare/pubblicare_19.asp 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

I lettori che desiderano informarsi sui libri e le riviste da noi pubblicati 
possono consultare il nostro sito Internet: www.francoangeli.it e iscriversi nella home page 

al servizio “Informatemi” per ricevere via e-mail le segnalazioni delle novità. 

Copyright © 2020 by FrancoAngeli s.r.l., Milano, Italy.  ISBN 9788891797780



Design for Inclusion,
Gamification and Learning

Experience

edited by
Francesca Tosi, Antonella Serra,
Alessia Brischetto, Ester Iacono

Ergonomia&Design

Serie di architettura e design
FRANCOANGELI

10085.1_85.97  29/04/20  17:40  Pagina 2

Copyright © 2020 by FrancoAngeli s.r.l., Milano, Italy.  ISBN 9788891797780



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Editing: Giovanna Nichilò 
 

Impaginazione: Elena Di Rado e Camilla Benassai 
 

Immagine di copertina: Camilla Benassai 
 
 

Isbn 9788891797780 
 
 
 
 

Copyright © 2020 by FrancoAngeli s.r.l., Milano, Italy. 
 

Pubblicato con licenza Creative Commons Attribuzione-Non Commerciale-Non opere derivate  
4.0 Internazionale (CC-BY-NC-ND 4.0) 

 
L’opera, comprese tutte le sue parti, è tutelata dalla legge sul diritto d’autore. L’Utente nel 

momento in cui effettua il download dell’opera accetta tutte le condizioni della licenza d’uso 
dell’opera previste e comunicate sul sito  

https://creativecommons.org/licenses/by-nc-nd/4.0/deed.it 

Copyright © 2020 by FrancoAngeli s.r.l., Milano, Italy.  ISBN 9788891797780



5CONTENTS

Preface
by Ozge Cordan and Demet Arslan Dincay 11

Introduction
by Francesca Tosi 13

1. Ergonomics and Design. Inclusive Design
by Francesca Tosi 17

2. Design for Inclusion. Good Design Is Inclusive and Improves 
the Future
by Ester Iacono 26

3. Designing an Inclusive Navigation App for Taşkışla Building
by Ozge Cordan, Demet Arslan Dincay, Cagil Yurdakul Toker, Elif 
Belkis Oksuz, Sena Semizoglu 36

4. Accessible Services for Students with Disabilities
by Hülya Kayihan, Onur Altuntas, Meral Huri, Gonca Bumin 46

5. Incorporating “Care” into Design Education Through Games 
 by George E. Torrens, Ying Jiang, Hua Dong 54

6. Design and Prototyping for Disability. WAVE Case Study
by Lorenzo Berti, Piergiorgio Callegher, Cecilia Garuti, Vittoria 
Roccatelli, Francesca Toso, Maximiliano Romero 69

Contents

I PART / DESIGN FOR INCLUSION

Copyright © 2020 by FrancoAngeli s.r.l., Milano, Italy.  ISBN 9788891797780



6 DESIGNING FOR INCLUSION, GAMIFICATION AND LEARNING EXPERIENCE

7. Design and Prototyping for Disability. DÌA Case Study
by Francesca Ambrogio, Jöelle Cifelli, Allegra Corrente Fornoni, 
Francesca Pian, Matteo Rossi, Francesca Toso, Maximiliano
Romero 76

8. Design and Prototyping for Disability. E2E (EAR-TO-EYE) 
Case Study 
by Alice Forestan, Camilla Antea Erba, Denny Roncolato,
Francesca Toso, Maximiliano Romero 88

9. Design and Prototyping for Disability. WARNI Case Study
by Michel Bertrans Casella, Lisa Casula, Iacopo Cecchetto, Enrico 
Rossi, Francesca Toso, Maximiliano Romero 96

10. Design and Prototyping for Disability. PROTIUM Case Study
by Giulia Forza, Matteo Galeotti, Laura Sguotti, Francesca Toso, 
Maximiliano Romero 105

11. IRIS – Blind Assistive for Identification of Indian Currency
Notes
by Mani Teja Lingala, Mrudul Chilmulwar 116

12. Mobility System for Hippotherapy: the Development Process
by Guilherme Neto Ferrari, Bruno Montanari Razza, Maria de 
Lourdes Santiago Luz, Paula Conceição Rocha de Oliveira, 
Maykon Cesar Spolti Ferreira, Flavio Clareth Colman, Bruno 
Isamu Obana, Lucas de Oliveira Brancalhão 125

13. Role-Playing Living Lab (RpLL) Method: Increasing Maker 
Empathy Through User-Generated Content of Role-Playing 
Activities
by Eunmi Moon, Sheila Schneider, Deana McDonagh, Lisa
Mercer 138

14. Workplace Ergonomic Analysis: Activities Performed
by a Computer in a Metallurgical Company
by Luiza Grazziotin Selau, Gislaine Sacchet, Carla E. de Lima, 
Gabriela Brunello 153

Copyright © 2020 by FrancoAngeli s.r.l., Milano, Italy.  ISBN 9788891797780



7CONTENTS

15. Game and Gamification for Empowerment and Inclusion
by Alessia Brischetto 165

16. Tiles and Patterns. Modular Concept in PUDCAD Learning 
Game Scenario
by Giorgio Buratti, Fiammetta Costa, Michela Rossi 177

17. Interrelations Between Technology, Interface and Experience 
Design Decisions
by Guven Catak, Çetin Tüker 187

18. Children as Superheroes: Designing Playful 3D-Printed
Facemasks for Maxillofacial Disorders 
by Patrizia Marti, Cecilia Goracci, Flavio Lampus, Lorenzo Franchi 198

19. Studies on Ergonomics of Immersive VR as a Design
Environment with a Focus on Tools and Interfaces 
by Çetin Tüker, Hasan Taştan,Togan Tong 209

20. Experience Design for Children Through an Interactive
Space – Escape the Room Game
by Sabrina Parenza, Luiza Grazziotin Selau, Carla Souza, Rodrigo 
Pissetti 221

21. A Good Procedural Rhetoric for Good Gaming Practices
by Isabella Patti 231

22. Learning Through Correlative Understanding
by Sooraj S S 241

23. Teaching Universal Design. Human-Centred Process and
Methodologies in the PUDCAD Project
by Antonella Serra 255

II PART / GAME AND GAMIFICATION EXPERIENCE

III PART / DESIGN FOR LEARNING

Copyright © 2020 by FrancoAngeli s.r.l., Milano, Italy.  ISBN 9788891797780



8 DESIGNING FOR INCLUSION, GAMIFICATION AND LEARNING EXPERIENCE

24. Introducing Universal and Assistive Design Concepts
in an Undergraduate Lecture Course
by Young Mi Choi 273

25. Ergonomics in Design. Then, Now and Tomorrow. Case M19 
Campus
by Timo Sulkamo 283

26. A User-Centred Approach to Visual Communication:
the Design of Safety Training Material for Migrant
Farmworkers 
by Lucia Vigoroso, Federica Caffaro, Margherita Micheletti 
Cremasco, Giorgia Bagagiolo, Eugenio Cavallo 290

27. Inclusion of Interdisciplinary Three-Dimensional (3D) Printing 
Education to Occupational Therapy Curriculum
by Gonca Bumin, Meral Huri, Sinem Kars, Hülya Kayıhan 303

28. Future Step of Basic Design: Between Synaesthesia
Didactic and Virtual Learning
by Yuan Liu 311

29. Emotional Design and Neuroscience:
Definition and Application of a Tool for Designers
by Alessio Paoletti, Loredana Di Lucchio, Fabio Babiloni 319

30. Teaching Design Thinking Through Flipped Classroom
by Marita Canina, Carmen Bruno, Laura Anselmi 330

31. Universal Distance Design for Accessible Radical
Collaboration in Education
by Amy Kern 342

32. Teaching UD in Different Curricula and Professional Areas
by Isabella Tiziana Steffan 350

33. A Framework to Support Inclusive Design Teaching
and Product Evaluation: Application in Overcoming Barriers
in Food Preparation for Elderly Visual Impaired People
by Gloria Gomez, Sarah Wakes 361

Copyright © 2020 by FrancoAngeli s.r.l., Milano, Italy.  ISBN 9788891797780



9CONTENTS

34. Parameter of Inclusive Design for Spaces of Learning:
New Methods in Design Education
by Ulrich Nether, Jan Phillip Ley, Johanna Julia Dorf, Kristina 
Herrmannr 370

35. Requirements for Inclusive Experiences in Design
Knowledge Transfer
by Daniele Busciantella Ricci, Michela Ventin 382

36. No One Excluded: Designing Multisensory Environments’
Experiences for Children’s Learning
by Giulia Cosentino, Mirko Gelsomini, Venanzio Arquilla 392

37. Conversational Agents Teach Humans How to Manage 
Psychological Disorder
by Priscilla Lanotte, Venanzio Arquilla 402

Biographies 413

Copyright © 2020 by FrancoAngeli s.r.l., Milano, Italy.  ISBN 9788891797780



69I PART / DESIGN FOR INCLUSION 

6. Design and Prototyping for Disability.
WAVE Case Study 

by Lorenzo Berti, Piergiorgio Callegher, Cecilia Garuti, Vittoria 
Roccatelli, Francesca Toso, Maximiliano Romero

Abstract

The present paper introduces the methodology applied for the development 
of Wave, an open source assistive device for blind people. 

The project was developed during the “Intelligent Products” Design Studio, 
of the Product Design Master Course at the Iuav University of Venice.

WaVe is an open source assistive device for blind people that is designed 
to be attached to the standard white cane to help the users while memorizing 
new routes in urban context, granting them more autonomy. We cooperated 
with a blind user, that helped us to understand the main problems in his expe-
rience of urban orientation, as example the necessity of tutoring assistance for 
the study of a new route, requiring multiple walks before proper memorization. 
Our purpose was to give the user more autonomy, reducing the number of 
meeting with a tutor: WaVe allows the user to record new routes through refe-
rence points, giving him the possibility to retrace them in autonomy. To reach 
this aim, we decided to use RFID technology, using passive tags as reference 
points, and the cane as antenna. The product development process started 
thanks to a series of interviews that we submitted to the user, which allowed us 
to understand that the topic of autonomous orientation is really felt by the blind, 
who often have to compromise. Analyzing the results of the interviews we have 
chosen to work on the white cane, a support that is always present in the life of 
the blind and that leaves many possibilities for intervention.

The design process has always developed using tools open source, in order 
to guarantee an easy reproducibility of the final product. The user contribution 
was fundamental during the design phases, useful to understand the real ne-
eds and making changes during the work. Wave strongly improves the user’s 
autonomy through the reduction of the need of memorizing information.

Keywords: Design Open-Source, User Centered Design, Learning Experien-
ce, Blind Orientation, RFID.
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6.1 Introduction

A blind user can find lot of difficulties during outdoor orientation, caused by 
many factors as a though environment, other people distraction or necessity 
to find non-visible references, and all of this requires a great amount of con-
centration.

WaVe is an assistive technology for blind people, that helps them to reach 
their autonomy in daily habits. The device has been designed to allow the user 
an easier memorization of his usual or new routes, reducing the needs of a 
tutor for training walks: nowadays, the memorization of a route can happen in 
different way, but all of these happen with the help of a tutor for many times. 
With WaVe, we used technology to make this process easier, both for the user 
and the tutor, turning the classic white cane into an antenna, capable to store 
a new route in his journey.

6.2 Methodology

During the project we were assisted by a man affected by late blindness, 
that offered as volunteer to help us to identify the problem and test our pro-
totypes for the product development.

The first phase was about the identification of the problem and the focus on 
specific connected issues, then the research addressed the spatial reeducation 
of blind persons as the most important phase to get back their autonomy.

The research was first centered on how people affected from late blindness 
learn to come back to their regular life. Most of the work is made from asso-
ciations, that provide lessons and tutors for the blind people but, in a second 
moment, technology can have a very important part in making easy the actions 
that usually would require a tutor.

At this point our volunteer was directly involved in three meetings: the first 
was made to identify the problem itself, and came out how outdoor orientation 
could be a real issue; the second, to understand his orientation technique, 
made up of:

1. first walk with a tutor;
2. subdivision of the route in segments;
3. assign to every segment an amount of steps;
4. reconstruction of the route on paper, in order to store it;
5. repeating the route with tutor until found confidence (usually 5-6 times).
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And the third, in which the user showed us how the technique was applied 
in an outside walk. The process works very well, but asks to the user a great 
amount of concentration during his route: he must count every step walking, 
and every little error can be very relevant at the end of the segment.

Following the identification of the problem, we conducted a desk research 
on the existing products available for blinds and understand which technology 
can provide a correct localization.

Most of the found products did not contemplate GPS localization as solu-
tion, mostly for the fact that GPS has an accuracy up to 3 meters, too much 
to guarantee a safety trip to a blind user, specially in a city as Venice, our case 
study, in which the small and close roads can cause many problems.

Our design took the right inspiration specially looking indoor orienteering 
projects, such as museums or airports. We understood that the user did not 
need to be tracked for all the route, but he simply had to identify some hot-
spots, such as in the turns or in danger points.

We have identified RFID technology as the best technological solution: it 
consists of an antenna capable to read sensors. Since sensors have an unique 
identification number and don’t need alimentation, we have decided to give 
the user the possibility to place them through all the city, and to transform the 
standard white cane into the antenna to read them.

After developed the design, and after had the confirm by our user, we star-
ted to build the prototype.

The purpose to have an open source product brought us to use open sour-
ce technology and easily available materials, such as arduino for the electronic 
part or 3D printing for the shell construction.

Once had the prototype the project ended with a first field research, in whi-
ch we found some errors in usability of the product that were corrected and 
tested in a second field research.

6.3 Results

The project was developed during the “Intelligent Products” Design Studio, 
of the Product Design Master Course at the Iuav University of Venice. WaVe is 
an open source assistive device for blind people that is designed to be atta-
ched to the standard white cane to help the users while memorizing new routes 
in urban context, granting them more autonomy. We cooperated with a blind 
user, that helped us to understand the main problems in his experience of ur-
ban orientation, as example the necessity of tutoring assistance for the study of 
a new route, requiring multiple walks before proper memorization. Our purpose 
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was to give the user more autonomy, reducing the number of meeting with a 
tutor: WaVe allows the user to record new routes through reference points, 
giving him the possibility to retrace them in autonomy. 

The aim of the project is to give directional instructions to the blind or visually 
impaired user, leading him step by step along his usual routes through the tran-
smission of informations related to a series of reference points: in fact some of 
the rehabilitative techniques, aimed at teaching autonomous orientation, are ba-
sed on the teaching of how to acquire various points of reference, points that the 
blind person can use in order to recognize a piece of road while walking along it.

The intention is to make possible a “tracking” of a series of routes by the 
user himself, who will use a device that can be applied on the white stick and 
a series of RFID tags which he will position at each crossroad of interest along 
his usual routes.

Every RFID tag is characterized by a code and once the RFID systems have 
been positioned the user will be able to store on his database all his “paths”, 
which interpolate the tags placed around the city: these memorized routes can 
then be selected from an online application, to guide the blind person around 
the city through tactile and auditory feedback.

The user can also add personal notes that will be read by the device in the 
proximity of a tag, in order to provide more information about the area in which 
it is located: in this way the user can personalize the information that WaVe pro-
vides him, entering information of personal interest or related to any elements 
of danger present on the route.

Once the tags have been positioned by individual users, these can be used 
by any other WaVe’s user, with the aim of creating a sort of community around 
the product itself: after identifying the tag belonging to someone else, the blind 
person will be able to register it on his personal database and use it in order to 
create his own routes.

Prototype. WaVe is a device that can be applied to any standard folding 
white stick: in this way the project is able to better respect the typical logic of 
an open source project.

The external shell is 3D printed and consists in two main parts: the tip, in 
which the antenna and the RFID module for reading the tags are positioned, 
and the handle, in which the battery and the rest of the electronics parts are 
positioned. The external shell also includes two buttons, which allow the user 
to interact with the device. 

WaVe is powered by a rechargeable battery, so that it is easy for the user to 
control his charge level. All internal components are controlled by an Arduino 
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Wifi, which guarantees its working and the connection to the online database 
and the site.

The bill of materials includes:
• Arduino Wifi;
• a standard white folding stick;
• RFID Module;
• RFID Antenna;
• 1 DF Player for audio feedback;
• 1 vibration motor for vibration feedback;
• 2 buttons, for the registration of the tags, the audio notes and the rever-

se routes;
• 1 power button;
• a rechargeable lithium battery; 
• 3D printed components;
• various electronic components.

During the development of the prototype we found it difficult to find the 
most suitable RFID technology for WaVe: in fact for the final product the tech-
nology to be used is UHF (Ultra High Frequency), which works between 860 
and 960 MHz and is characterized by a range of action between 40 cm and 1 
meter. However, this is a technology that is difficult to find in a short time: for 
this reason we made the prototype with a 125 kHz RFID antenna, easier to find 
but with a range of only 15 cm: in this way we were able to prototype WaVe 
and test its functionality and limits with the user, despite the technology used 
was not the most appropriate. This process allowed us to understand what 
changes to make to the project in order to make it easier and more comfortable 
for the user.

Shared materials/instructions. WaVe is an open source project, and for 
this reason it is important that it can be easily reproduced by anyone.

The entire project was developed with the aim of being shared on Posta: an 
open source platform born from the collaboration between Italy and Argentina 
with the aim of making assistive technologies accessible to anyone in any part 
of the world. The open source logic is in fact based on the sharing of online 
projects, allowing them to be easily downloaded for the purpose of being used.

The materials shared on Posta, so that WaVe can be easily reproduced, are:
• 3D model of the outer shell;
• electric Scheme;
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• bills of materials;
• code for Arduino; 
• instructions.

6.4 Conclusions

The main aim of WaVe is to guarantee greater autonomy for the blind in the 
urban context.

The project is able to lighten the amount of informations that the user usual-
ly has to memorize in order to be able to orient himself, avoiding to distract 
him excessively thanks to the use of non-invasive feedback, preventing any 
dangerous situations. 

WaVe is easily reproducible by the user himself considering that it is an open 
source project, and allows the blind person to involve the tutor fewer times for 
the memorization of a route.

At the moment we have prototyped the stick (the tip and the handle) and 
created the online database, with a simulation of the site.

With the development of the project and the direct relationship with the user 
we have had the opportunity to understand how it is actually important for a 
visually impaired to acquire greater autonomy, especially in the city context.

The main problem we have encountered is about the positioning of the tags 
around the city, for which a permit would be required from the city municipa-
lity itself: however, thanks to the generation of a community around the WaVe 
project, it would be easier to obtain consent and diffusion.

Furthermore, during the research phase we discovered that there are nume-
rous types of RFID tags, characterized by different fixing methods: in this way it 
will be possible to select the most appropriate type of tag for each city context.

We can then assert that, despite these possible limits concerning the posi-
tioning of the tags, it is possible to find compromises so that the positioning is 
accepted by the city municipality.
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