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Çağıl Yurdakul Toker
Department of Interior Design
Raffles College of Higher Education
Singapore, Singapore

Sena Semizoğlu
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Preface

Project PUDCAD stands for Practicing Universal Design Principles in Design
Education through a Cad-Based Game, and it is representing one of the foremost
priorities of European commission: applying the inclusion and efficient accessibility
for people with disabilities into everyday life.

The project was designed to work towards a major purpose through a minor
addition in design education between September 2017 and 2020. PUDCAD deals
with undergraduate design education to trigger the awareness of accessibility and let
future designers and architects to develop accessible and innovative design ideas. It
involves a design game on a CAD-based platform, allowing students to learn about
basic and advanced universal design principles and train them with an entertaining
context.

Istanbul Technical University proudly coordinated this project for 3 years. We
developed this project with our partner universities and NGOs; Bahçeşehir Univer-
sity, İstanbul, Turkey; Institute of Design and FineArts, Lahti, Finland; Politecnico di
Milano, Milano, Italy; University of Florence, Florence, Italy; University of Applied
Science and Arts, Detmolder, Germany; The Association for Well-being of Children
with Cerebral Palsy, Ankara, Turkey; and The Occupational Therapy Association of
Turkey, Ankara, Turkey. In this term, we made lots of collaborations such as inter-
national and local workshops and conferences with our project partners to develop
the main outputs of the project. We would like to thank to all of our partners for their
valuable contributions. We would like to extend our thanks to the Rectorate of ITU
and EU National Agency for their support in the administering works of the project
and also special thanks to Efe Can Arslan. He and his friends, as brilliant young
people with cerebral palsy, became the muses of this project.

As part of PUDCAD Project, the “PUDCAD Universal Design Practice Confer-
ence: Game + Design Education” international conference (E5) was organized by
ITU-PUDCAD Team between 24 and 26 June 2020. Due to the global pandemic of
COVID-19, the conference was held online through zoom. The conference, which
was focused on the dissemination and promotion of the developed game and pre-
launching of E-learning courses of the PUDCADProject, aimed to open up to discus-
sions the studies regarding the conference topics as “Universal Design”, “Game and
Design Studies” and “E-Learning in Design Studies”.

v



vi Preface

Under these three main topics, the 33 papers under nine sessions were presented
in three days. We would like to thank Hülya Kayıhan, Gonca Bumin, Güven
Çatak, Birgül Çolakoğlu, Çetin Tüker, Barbaros Bostan, Çakır Aker, Veli-Pekka
Räty and Aslıhan Ünlü Tavil for chairing the sessions in the specified order; “Uni-
versal Design and Education”, “Universal Design and User Experience”, “Games
for Change”, “Game Design Experiment”, “Virtual Reality Experiment I”, “Vir-
tual Reality Experiment II”, “Playful Experience Design”, “Playful Spaces and
Interfaces” and “Gamification and E-Learning in Design”.

Besides, we hosted five keynote speakers from different disciplines and from a
different expertise in each day. In the first day, Fiemmetta Costa from PUDCAD
Partner University POLIMI spoke about “The Principles of Universal Design in
PUDCAD Project Development” and Güven Çatak and Çetin Tüker from PUDCAD
Partner University BAU introduced the PUDCAD Game in their speech about
“Developing a CAD-Enriched Empathy Experience for Universal Design Principles:
Journey of the PUDCAD Game”. In the second day, Christopher Holmgård, who is
co-owner ofDieGuteFabrik, spoke about “AI (eyay)Personas forDesigning,Testing,
and Optimizing Games” and Dylan Yamada Rice, from Royal College of Art, gave
her speech about “Children andVR” sequentially. In the third day, Francesca Tossi as
PUDCAD Partner University, UNIFI, gave her speech about “Asking Users: Ques-
tionnaires and Interviews as Indirect Observation Tools in Human-Centred Design
Approach”.

We believed that the “PUDCAD Universal Design Practice Conference: Game
+ Design Education Conference” has contributed to the creation of a discussion
platform for academicians, students, relevant stakeholders and professionals from
different areas of expertise for future research inquiries and relationships. Further-
more, we hope that the 32 studies presented at the conference and included in the
proceedings book contribute to widen our perspectives in all senses.

Istanbul, Turkey
Istanbul, Turkey
Singapore, Singapore
Istanbul, Turkey
Istanbul, Turkey

Özge Cordan
Demet Arslan Dinçay
Çağıl Yurdakul Toker

Elif Belkıs Öksüz
Sena Semizoğlu
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Universal Design and User Experience

Handicap as a Design Catalyst . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
Ulrich Nether and Johanna Julia Dorf

Relationship Between Quality of Life with Physical Fitness
and Home Environmental Factor Among Elderly Individuals . . . . . . . . . . 91
Gökçen Akyürek, Esra Alan Öztürk, and Gonca Bumin

vii



viii Contents

Investigation of the Relationship Between Activity Performance
in the School Settings and Occupational Performance of High
School Students with Cerebral Palsy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
Gökçen Akyürek, Gonca Bumin, Meral Huri, Hülya Kayıhan,
and Süheyla Gürkan

Heuristics in Design for Sustainable Behavior Change . . . . . . . . . . . . . . . . 109
Mirja Kalviainen

Games for Change

Improving Awareness and Empathy with Video Games:
A Qualitative Analysis Study of PUDCAD Game . . . . . . . . . . . . . . . . . . . . . 121
Cetin Tuker and Güven Çatak

Using Board Games as a Method for Improving Awareness
and Empathy in Inclusive Design: PUDCAD Game Case Study . . . . . . . . 133
Poyraz Özer and Güven Çatak

Raising Awareness Through Games: The Influence of a Trolling
Game on Perception of Toxic Behavior . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143
Gökçe Komaç and Kürşat Çağıltay
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Semih Bertuğ Benim, Mehmet İlker Berkman, and Güven Çatak

Use of Virtual Reality in Participatory Urban Design . . . . . . . . . . . . . . . . . 193
Zeynep Burcu Kaya Alpan and Güven Çatak

Virtual Reality Application for Relieving the Pain of Child Dental
Patients . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 205
Fatma Betül Güreş and Gökhan İnce
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Abstract. PUDCAD (Practicing Universal Design Principles In Design Educa-
tion Through A Cad-Based Game) is a project founded by the European Eras-
mus+ program for innovation and sharing of good practices in education. It 
provides, at systemic level, the modernization and activation of educational 
paths through cooperation with partners from different countries through partic-
ipatory approaches based on ICT. The aim of PUDCAD is the creation of a 
playful computer assisted drawing application that allows interior architecture 
and design students to learn and use Universal design principles. This paper ex-
plains the different stages of research implementation. The first step was a 
workshop focused on a survey method developed to verify the compliance of 
educational environments with the principles of Universal Design (Checklist). 
Together with simulated direct experience (Empathy trial), it led the students 
involved to the creation of scenarios for school integration. In the second work-
shop the application of ad hoc parameter of universal design for spaces of learn-
ing led to the definition of Game Maps, where environments and characters of 
the game were identified. In the third, building on the second step material, ta-
ble games able of sensitizing the user and supporting her/him in the design of 
inclusive environments were developed. In the fourth workshop the students 
developed and tested the videogame’s Alpha version providing feedback and 
ideas for the ultimate version presented in the fifth workshop. Reviewing the 
process applied to build the application, the article explores educational exper-
imentation and pedagogical aspects, emphasizing how the videogame, beyond 
entertainment, can support and promote new learning paths complementary to 
canonical teaching methods. 

Keywords: Ergonomics, Universal Design, Gamification, Inclusion, Participa-
tion, Desing Education 

1 Introduction 

PUDCAD (Practicing Universal Design Principles In Design Education Through A 
Cad-Based Game) is a project founded by the European Erasmus+ program for inno-
vation and sharing of good practices in education. It promotes, at systemic level, the 
modernization and activation of educational paths through cooperation with partners 
from different countries through participatory approaches based on ICT. The project 
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is related to one of the foremost priorities of the European Commission: to provide 
the inclusion and efficient accessibility of people with disability in everyday life. 
Regarding the European Universal Design Standards and the current state of universal 
design education in international networks, the aim of PUDCAD is the creation of a 
playful computer assisted drawing application that allows interior architecture and 
design undergraduate students to learn and apply Universal design principles through 
an empathic approach. 

Universal Design [1] means a design method that provides for environments frui-
tion and products use regardless of age, physical abilities and/or user social condition. 
This approach refers to Ergonomics, an essential discipline for the implementation of 
the social inclusion and non-discrimination targets set by the EU, but often not taught 
enough or considered a fringe element in future designers’ training. The accessibility 
issue is not limited to just "compliance with the rules", but rather to the best avail-able 
solutions. An inclusive project goes beyond the concept of "Barriers free design", 
replacing the use of equipment dedicated to individual user profiles (disability aids, 
elderly furniture,…), by efficient solutions suitable to the widest possible range of 
population. 

The project partners are: Faculty of Architecture, Istanbul Technical University, 
Turkey (leading institute); Bahcesehir University of Istanbul, Turkey; Institute of 
Design and Fine Arts, Lahti University of Applied Sciences, Finland; Detmold School 
of Architecture and Interior Architecture, Technische Hochschule Ostwestfalen-
Lippe, Germany; Dipartimento di Architettura, Università degli Studi di Firenze, Ita-
ly; Dipartimento di Design, Politecnico di Milano, Italy; Association for Well-being 
of Children with Cerebral Palsy, Turkey; Occupational Therapy Association of Tur-
key. 

2 Method 

The project has been developed through the coordination of an international research 
group thanks to a transactional meeting program based on interdisciplinary confer-
ences and workshops involving students from the five participating universities.  

The first step was a workshop held in Politecnico di Milano, where the students 
applied a survey method developed by the project partners adapting the Americans 
with Disabilities Act (ADA) Checklist (Fig. 1) to verify the compliance of high 
school educational environments with the principles of Universal Design.  
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Fig. 1. Checklist for High school survey  © Giorgio Buratti 

Together with a simulated experience (Fig. 2), aimed at improving the direct percep-
tion of universal design problems, it was expected to lead the involved students to the 
creation of scenarios for school integration and proposals of innovative interior design 
concepts for school environments. 
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Fig. 2. Empathy trial guidelines © Fiammetta Costa 

The proposals were scored according to the 7 basic principles developed by the Cen-
ter for Universal Design North Carolina State University, weighted as:   

• Equitable use (15 points) 
• Flexibility in use (15 points) 
• Simple and intuitive use (10 points) 
• Perceptible information (10 points) 
• Tolerance for error (10 points) 
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• Low physical effort (20 points) 
• Size and space for approach and use (20 points) 

 
A second workshop, titled Universal Playground, took place at the University of 

Applied Science and Arts Ostwestfalen-Lippe. The application of ad hoc parameters 
of universal design for spaces of learning was planned in order to define Game Maps 
where environments and characters of the game should be identified.  

 
The proposed Parameters of Universal Design for Spaces of Learning are: 
1. Well-being 
2. Organisation 
3. Communication 
4. Transformation 
5. Creativity & Collectiveness 
6. Action 
7. Diversity 
 
The third workshop, titled Game Jam, was hosted by University of Florence, stu-

dents were asked to develop board games starting with the creation of characters, 
whose disability profiles and skills will affect the game design and mechanisms. 
Game themes and names were identified with the support of Bahçeşehir University 
Game Lab to face Universal Design principles in the games.  

 
Game themes (and names): 
• Escape From the Campus (Theme: Quake!)   
• Match (Theme: What If?)  
• Fire Alarm (Theme: Fire Alarm)  
• A Short Daydream (Theme: Daydream)  
• Tsialidybi (Theme: Alien Invasion) 
• Campus Challenge (Theme: First Day)  
• Crazy Granny (Theme: Holiday) 
 
The decision to focus on brainstorming and paper prototyping was intended to let 

all the participants contribute in the short time, since most of them were not expert in 
digital game design. Focusing on the digital game itself would shift the emphasis 
from thinking on the design parameters to the tools. Whereupon the game design was 
finalized translating the findings to a first-person perspective digital game and he 
video-game’s Alpha version was experimented in the fourth workshop, Designing and 
testing a game-based environment (Fig. 3), which was held at Lahti University of 
Applied Sciences.  
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Fig. 3. Video-game’s Alpha version trial © Ester Iacono 

A Beta version of the game was then released and refined through partner’s collabora-
tion in order to present and promote the digital game in June 2020 at the final 
PUDCAD conference.  

3 Results 

3.1  Universal school environments  

The five groups, composed by a student of each partner school, developed scenarios 
and designed an innovative school environment, namely the entrance and exhibition 
hall, a classroom, a laboratory, an auditorium and a library [2]. 

Each environment concept takes into account Universal Design principles and the 
library, conceived with modular furnishing elements that can be used by both able-
bodied and disabled people (Fig. 4), obtained the highest Universal Design score. 
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Fig. 4. Library environment designed by Andrea Zito, Anita Deckers, Rojda Edebali, Sabina 
Elena Quocchini, Mirka Pellikka.  

3.2  Universal Playground 

Applying the Parameter of Universal Design for Spaces of Learning as a starting point 
for the design process the students searched for corresponding locations and next 
included specific interactions and activities.  

As a sample of profound results a group developed five design criteria for action: 
freedom, companionship, flexibility, fun and subtlety. The criteria were applied by the 
students in the outside space of the campus extended through Augmented Reality 
(AR) as “culturaction” (Fig. 5). “The object they designed was to give the opportunity 
to be a meeting and orientation point and a space for spontaneous lectures. By extend-
ing the physical object with a digital layer that can be activated through an AR appli-
cation, a public sound library for teaching and an outdoor cinema and a place for mu-
sic were implemented. Interesting about this process was that the exploration of the 
Parameter extended with the analysis of the chosen location helped them to even add 
to it in their way. The term “action” was enhanced with the social character of “cul-
ture”. This guided them to come up with a distinct design language in their build ob-
ject that enables the users’ potential to create inclusive environments for multisensory 
experiences and social interaction” [3].  
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Fig. 5. Culturaction: Storyboard (5a) and AR-App (5b) proposed by Veronika Merlin, Christina 
Emilia Fager, Federica Ferrini, Michele Corna, Annabelle Brons 

3.3  Universal Table Games 

Table games able of sensitizing the user and supporting her/him in the design of in-
clusive environments were developed with the support of Bahçeşehir University 
Game Lab. 

“Six of the proposed games are based on ad hoc boards (grids or paths), the sev-
enth is a card game. Many of them involve dices and tiles representing rooms, archi-
tectonic elements or pieces of furniture (doors, stairs, shelves …). Characters are de-
fined considering perceptive impairments (blindness, mono-chromatism …), specific 
anthropometric features (i.e. small person), physical temporary or permanent disabili-
ties, specific characteristics like old age or skin disease” [4]. 

As a whole they can offer useful contributes in terms of game mechanism, win 
conditions and inclusion strategies for the digital game development. The Escape 
From the Campus game (Fig. 6) for istance has a high potential by its replayability, 
cooperation mechanics and the idea of creating design solutions to preventing disas-
ter. It’s a grid based board game where two characters try to escape from the school 
campus that just had an earthquake. The two has to cooperate due to their differences 
in disability and speed as quick as possible.  
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Fig. 6. Escape from the Campus table game by table Xin Xin, Saba Eraslan Sevin, Nikita 
Jelisejeff, Poyraz Ozer 

3.4  Universal Digital Game 

The game development targets a first-person perspective game run on a digital plat-
form, based on the previous workshop delivered board games playable by multiple 
players. Feedbacks and ideas for the refinement where provided by students experi-
menting the Alpha version. The students advised to consider different disabilities for 
the characters comprehending also temporary and situational ones, other paths and 
environments inside the play field, further tasks to be accomplished also in interaction 
between players, alternative commands to move around and interfaces to choose be-
tween design solution, rewarding response for players.  

In particular interesting hints were given by a group suggesting 6 distinguished 
characters with their features, the problems they should face and the possible solu-
tions. Releated to their characteristics (dwarfism, age, blindness, color blindness, 
broken arm, paralysis) the students proposed different mouse and keyboard use mode, 
new paths and additional tasks, for example in the cafeteria or to reach the bus stop. 
Storyboards are used to exemplify the play scenarios and the shift from a the dark 
gloomy mood at the beginning of the game to colorful inspiring mood towards the 
end is planned to encourage the player progress (Fig. 7). 
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Fig. 7. Feedbacks and ideas for the game development by development by Anne Backus, Irene 
Bacherotti, Sinem Biçer 

Bahçeşehir University Game Lab team enriched the digital prototype (Fig. 8) by CAD 
features and implemented several cases discussed and studied in the workshop, other, 
as the proposal to include blindness or visual impairments go beyond the project 
boundaries, but are promising ideas for future developments. 
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Fig. 8. Beta version startup screen  © Giorgio Buratti 

4 Discussion 

Participants in the project had widely varied backgrounds (e.g., different nationalities, 
cultures, skills) and role (researchers, teachers and students). That made the interac-
tion sometimes complex, but in the meanwhile has been a chance to share knowledge 
and experiences between partners and students, making it possible to produce a wide 
range of proposals all useful to build empathy and awareness on Universal Design 
principles and practice. 

The game development part of the project started by an empathy trial and a field 
survey and arrived to a first-person perspective digital game through paper prototyped 
board games playable by 4-5 players. “Thinking of the game experience and presence 
perceived by the gamer, designing a board game for 4-5 players and translating the 
findings to a first-person perspective digital game for next step may cause some loss 
because not every game mechanic and case, even the feeling of the overal game, de-
signed for the board game will work in the digital game.” [4] This kind of loss can be 
considered as a limitation, nevertheless it is compensated along the iterative design 
development process [5] through the contribution of students and experts experiment-
ing and improving the Alpha and Beta versions of the digital game. 

More in general the relationship between experimental learning [6] and gamifica-
tion [7] opens up practices where learning is not based on the capability to remember 
and apply information, but on the ability to find information, evaluate and use it co-
herently. Through PUDCAD game teachers have the possibility to incorporate Uni-
versal Design principles in a narrative context, start the learning process by providing 
accessibility problems and solutions, beginning from an elementary level to achieve 
progressively more difficult tasks and finally evaluate the expected results. 
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Talking about video games in education and training today no longer arouses atti-
tudes of mistrust or alert as a decade ago. Research and publications in various sectors 
[8, 9, 10, 11], underline how this media manages to synchronously stimulate different 
brain functions, improving those cognitive pathways that allow learning. The prolifer-
ation of new definitions such as Gamefication, Serius Game, Applied Games, Edu-
tainment, to name a few, denote a consolidated research approach that goes beyond 
the function of pure entertainment and investigates the pedagogical and educational 
potential. The PudCAD research project, now at its final stage, confirms the qualifica-
tion potential of the educational experience inherent in video games, inducing several 
critical reflections. 

 
4.1  Designing a Serious Game 

The need to develop a digital application led students to confront a computational 
process, developing a logical reasoning in developing systems and processes capable 
of solving a problem. The study of programming leads to the development of logic, 
through a path that uses analysis, the breakdown of problems, the verification of re-
sults and the organization of thought. This usually occurs in any design path, but the 
fact of creating a computer application leads to thinking in terms of sequence and 
rules that can be effectively performed by a processing agent, bringing the student 
from a "passive" user of technology to be a conscious subject, endowed with critical 
autonomy. The technology must be known, to be used effectively, and the only way to 
know it is to study it. Fluency with digital modeling software, together with the pres-
ence multimedia design students, who shared their knowledge with the rest of the 
working group, certainly facilitated the task. 
 
4.2  Learning with a Serious Game 

Interactive applications are rapidly leading from the distribution of content, to the 
construction of the same in a context shared by several individuals and which simul-
taneously involves different expressive codes. The immersion and interactivity com-
ponents expand the learning experience, through "immersion in a world simulated and 
regulated by technical laws in which the actions of the active user are theologically 
oriented" [12].  

The video game is in fact a playful activity that does not require prior knowledge 
of rules. The user discovers what he has to do by trial and error then, as the simulation 
progresses, he comes to understand the goal and decode the rules of the game. The 
space of the game is investigated and the information code creates the constraints, 
guiding the user who learns, studying, what the game allows you to do and how it 
responds to the inputs. This explains the link between learning and technology. Digit-
ization offers the advantage of collecting data starting from the actions performed 
within the game, measuring user behaviour and allowing profiling and categorization. 
The outcome is a more efficient active participation, because it is personalized and 
because through the implementation of dynamic behaviours the meanings are con-
nected to an action favouring experiential learning. This allows us to understand the 
effects of the particular case and anticipate its consequences, thus generalizing a prin-
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ciple. The user is engaged in an empirical process that leads to "learning by doing" 
[13].  

The gamification processes therefore promote the direct experimentation of ideas 
followed by immediate feedback, capable of evolving into innovative practices and 
theories. The ability to immerse yourself in correct consolidation activities through 
the simulation of real projects, while avoiding errors that in reality could have disas-
trous effects in economic and construction terms, provides the user with the freedom 
to experiment and conceive innovative approaches. 

 
4.3  Empathy and Universal design 

In the case of PudCAD, the didactic value of simulations lies not only in the manipu-
lation of variables and in the evaluation of the consequences, but in a building 
knowledge process, which is expressed in the possibility of "putting oneself in some-
one else's shoes". The possibility of observation by immersive experience opens up to 
otherwise precluded realities, capable of assisting the formation of aspects of empa-
thy, here understood as the assumption of the point of view of others regardless of a 
personal bond. The Empathy concept - from the ancient Greek "εμπαθεία" (empatéia, 
composed of en-, "inside", and pathos, "suffering or feeling" - is used to indicate the 
participation emotional relationship that linked the author-singer to his audience. 

Already at the end of the nineteenth century the aesthetic theory of Einfühlung [14] 
theorized a mental simulation spatial process by which we project ourselves into an-
other person. The etymological root (ein-inside, and fühlen-subjective sensory or 
emotional experience) suggests a dynamic interaction between the simultaneous expe-
riences of one's own body and the other’s body. More recent studies on mirror neu-
rons [15] that are activated when an action is performed, when it is seen to be per-
formed, but also when the action is only seen depicted, confirm the theory. It is there-
fore possible for the gamer to abandon the egocentric perspective to adopt an allocen-
tric perspective. By avatar observation, the mirror neurons translate the shape into a 
motor program, allowing us to grasp the needs of different users in relation to space. 
Predicting the spatial prefiguration of a body, develops the functional capacity of 
representation and manipulation of space, it is a fundamental skill for ergonomically 
orienting designers. 

According to Universal Design principles, designing must combine the different 
needs declining them in a real context of products, environments and viability based 
on the observation of anthropometric diversity, evolving needs and changes occurring 
in the course of a life. Exploring the space via avatar, the designer can infer the dif-
ferent human characteristics, using them consciously in the relationship between the 
user and the built environment and verifying them in terms of compatibility. 
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