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ABSTRACT 
How can we incorporate into our educational system the 
emerging technologies, new processes and new habits of society 
to improve public motivation, implication, and satisfaction in 
urban decision-making processes? New technology 
implementations in the teaching field largely extend to all types 
of levels and educational frameworks. However, these 
innovations require approval validation and evaluation by the 
final users. The premise is that the technology used in Virtual 
Reality (VR), is familiar to the Architecture students, which 
preview to work on specific parameters and outcome, and on the 
contrary, citizens with a profile not related to the field get more 
excited and perceive the technology as a more efficient tool. To 
prove this, we use a quantitative method to evaluate the 
satisfaction of citizens related and not related to the Architecture 
field. Using an interactive visualization process in a real 
environment, we obtained adequate feedback that allowed the 
optimization of this type of experiment in future iterations. The 
results show that the degree of satisfaction when using an 
advanced visualization technology was satisfactory with a 
differentiation between user’s profiles. 

CCS CONCEPTS 
Human-centered computing → Virtual reality • Human-centered 
computing → Visualization design and evaluation methods → 

Software and its engineering → Virtual worlds training 
simulations  
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1 INTRODUCTION 
Cities are at the forefront of global socio-economical change, 

making the discipline of Urbanism an important part of the 
sustainable development and having immediate effect on the 
challenges that society is facing. The physical, social and cultural 
changes that we are experimenting force the contemporary 
urbanist to a practice open to the processes of socially responsible 
participation and the conscious interaction of the culture that 
lives in each place. Is about constructing a scenario for urban 
evolution, imagining the conditions of transformation and 
proposing a process capable of incorporating new experiences 
into the human-environment relationship.  

Present and future changes that are leading to the necessity 
of a faster utilization of a digital transformation strategy, can be 
brought by several causes like users’ behavior and expectations, 
new economic realities, societal changes and emerging digital 
technologies [9]. For this, the integration of emerging 
technologies in the urban processes has the capability to renovate 
a sector's activities and models, to force the changes and 
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opportunities of a mix of digital technologies and their 
accelerating impact across society in a strategic and prioritized 
way, with present and future changes in mind.  

Psychosocial and post-occupational studies, new 
communication media and ways of collecting data and 
technology that can detect social, economic and environmental 
patterns of the urban spaces, is supporting the discipline and 
bringing another dimension to the practice. The discussion about 
the increasing integration of digital technologies and in urban 
spaces involves a number of questions relating to the complex 
processes of transformation that impact cities, like economic, 
social, political, and environmental. Sectors, like the University, 
that are involved in tackling societal challenges such as urban 
deterioration and unpractical city spaces, take advantage of one 
or more of the existing and emerging technologies.    

 The diffusion of Information and Communication 
Technologies (ICTs) is having a profound effect upon the mode 
through which social movements and the diverse forms of active 
citizenship operate from below as agents of innovation, inclusion 
and social development [1]. Therefore, this article describes the 
role and use of ICTs in the design of urban spaces in the city of 
Barcelona through the participation two different profiles, one 
group are the Architecture students and the second group are 
citizen that will be the final-users.  Starting from the classroom, 
combining model with real-scale proposals using Virtual Reality 
(VR) in open spaces makes it possible to define a new space-
participation model, guided, on the local scale, by single citizens, 
and by a local community.  

In the urban context, these initiatives could facilitate public 
decisions through the social re-evaluation of spaces, real and 
virtual, in order to respond to unsatisfied needs. Using the 
implemented method, students and future urbanist should be able 
to incorporate informal data obtained from citizens in order to 
improve their capabilities and digital skills in the representation 
of information. Consequently, designs can be executed with a 
suitable design, adapted to space and combining the 
functionality, needs, and interests of citizens.   

In this article the section 2, analyzes the framework related to 
the education in Urbanism in the Architecture Schools. Includes 
the explanation of training, students, and citizenship through 
formal vs informal education. Section 3, explain how new 
challenges, like ICTs (AR/VR), results in more motivation and 
better skills. Section 4, exemplified the use of digital 
transformation in Urbanism through new ways of Urbanism. 
Section 5, presents and discusses examples and data, leading to 
the conclusions and future work of the study, which are discussed 
in section 6.  

2 URBANISM: FORMAL VS INFORMAL 
EDUCATION 
Usually, most educational systems are designed in a 

regulated manner, i.e. within an educational environment and a 
formal student training [10]. However, in recent decades, there 
have been studies and research that emphasize the importance of 
other forms of education away from schools, regardless of the 
level [2, 13, 15]. Learning processes are not only confined to 
regulated areas but also non-formal or informal ways are present 
throughout a person's lifetime. To do so initially we must clearly 

differentiate between all types of education currently defined 
(Coombs, Prosser, & Ahmed, 1973): 
• Formal education: Learning typically provided by an 

education or a training institution, structured and leading to 
certification.  

• Non-formal: Any organized educational activity outside the 
established formal system.  

• Informal: Learning resulting from daily life activities 
related to work, family or leisure.  
In the base of these definitions, the architectural education 

allows incorporating, in a complementary way, non-formal 
educational elements, such as specialized courses, as well as 
informal education. Formally, in Architecture Schools, the 
Urbanism course has traditionally relied on Project-Based 
Learning (PBL). Under the guidance of a tutor, students are 
required to develop a proposal, usually in a given location, in a 
process that mimics the workflow of an architectural studio. 
Throughout this process, students learn to integrate often-
conflicting aesthetic, constructive, structural, environmental, and 
usability requirements into a cohesive design [25]. Adding to this 
training, architects and urban designers learn about their 
discipline in a continuous and informal way, because the subject 
of their craft surrounds them almost anywhere and anytime.  

Informal data related to a public space that analyze 
semantic, temporal and spatial patterns, aspects generally 
overlooked in traditional approaches, improve the education of 
future urban designers in order to relate the projects to the main 
needs of the citizenship [25]. Through Digital Transformation, 
students and future urbanists should be able to incorporate 
informal data obtained from the space, its functionality and the 
needs and the interests of citizens, to develop more sustainable 
projects and products adapted to more users and/or users with 
different profiles or disabilities. The need to incorporate an 
informal approach to the education of areas whose projects are to 
be used by the public is essential. The views of users are not only 
basic but provide information that the student should be able to 
assimilate into their education to improve the acquisition of skills 
and competencies described in their academic plans. 

The informal feedback in the training of the urbanist is 
undoubtedly one of the determining factors of the project. In the 
case of the urbanist, an intangible formation should allow 
improving his future projects. Therefore, gamification, based 
mainly on behavioral theories, focuses on enhancing observation 
(response to stimuli), feedback cycles (knowing where I am and 
what little remains are missing), and reinforcement for rewards 
(learning appears by the stimulus). 

3 TOOLS FOR MORE MOTIVATION AND 
BETTER SKILLS 
Information and communications technologies (ICTs) have 

transformed our society and, consequently, education [7]. 
Currently, the ways we communicate have been changing and 
adapting to new devices and applications that mostly involve 
characteristics such as mobility, interaction and interconnection. 
Other studies [4] describe the opportunities offered by these 
emerging technologies as “creating a new kind of reality, one in 
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which physical and digital environments, media and interactions 
are woven together throughout our daily lives.” However, in 
different areas of knowledge, education has failed to adapt to 
these changes.  

It is easy to find examples were the traditional class or lecture 
class are presented as the predominant system. This can be 
magnified because the student is now born into a “digital age”. 
New university students can be defined as Digital Natives [17] 
or Digital Residents [27], because they coexist and use all kinds 
of network technologies, multiple applications and all kinds of 
mobile devices at very early ages. This generation is capable of 
adapting and quickly using all types of devices and applications 
for their own purposes [3]. 

The use of ICTs in educational methods is defined in the 
curricula of many undergraduate and master’s degrees, including 
the architecture degree [20, 22, 23]. The adaptation of contents 
and their applications to ubiquitous learning in the fields of 
architecture, construction and urban design, all focusing on the 
student and their levels of motivation and satisfaction, has been 
studied recently [21]. From an academic viewpoint, these 
systems are used to improve the acquisition of skills and spatial 
competencies to analyze the visual impact of any building or 
architectural project.  

Historically, in Architecture Schools, visualization and 
understanding of 3D space typically accomplished via the 
classical view, physical models and drawings in front of 3D 
models and using virtual specifications. This approach is 
changing due to a generational change and the continuous 
improvement and development of technology [25]. The act of 
“urbanizing” a project through Digital Transformation requires a 
vision for what parts of the process need to transform. Whether 
it is in the way students are trained and professionals work and 
collaborate, the way processes are executed, or in the way, it 
relates to the users, digital technology provides a meaningful 
opportunity.  

Urbanism courses, inside Architecture Schools, usually tend 
to explore different aspects of the relationship between research 
and design through lectures and workshops, where students must 
actively engage in tasks proposed by professors and receiving 
feedback. However, drawing plans and urban planning do not tell 
us about the possibilities that can ponder the citizen participation 
and how they applied to the construction process of the city [12]. 
Emerging technologies are changing the way to conceive these 
processes.   

In face of the enormous amount of urban data that is needed 
to develop a proposal, the field of Urbanism is yet to incorporate 
many sources of information into their workflow. Nowadays the 
world that surrounds us is increasingly digital, especially for the 
younger generations using mobile devices and cloud computing 
services [18], and in the specific framework of the education and 
professional practice of Urbanism is necessary to incorporate this 
new paradigm and approaches.  

4 NEW WAY OF URBANISM THROUGH 
DIGITAL TRANSFORMATION 

Urbanism theoretical maturity reached in the twentieth 
century from a combination of different disciplines that merged 
to rethink the city. It was a time when specialists in the field 
started to study more about the problems of our cities adopting 
new methods of research and analysis, emphasizing more in the 
scientific phase than the artistic one. "This may be due to a 
natural reaction against past practice when city planning was 
based on the superficial city beautiful approach, which ignored 
the roots of the problems and attempted only window- dressing 
effects.” – Jose Luis Sert [16]. Urbanism developed as a new 
science; concerned with the structure of the city, its process of 
growth and decay [16].  

The beginning of teaching Urbanism at the universities was 
born along with the texts on the subject published in that period, 
including: Lynch's The Image of the City (1960), Mumford’s The 
City in History (1961), Jacobs’ The Death and Life of Great 
American Cities (1961), Cullen’s Townscape (1961), and 
Bacon’s Design of Cities (1967). However, cities keep evolving 
and so the discipline that deals with it. Aside from the aesthetics, 
the delivery systems in urban design are changing at such a fast 
pace that challenge the Academia to create a pedagogy to teach 
them [19].  

Regardless of the enormous amount of urban data to 
incorporate, representation technologies bring ideas into reality, 
allowing communication between designers, clients, contractors 
and collaborators [14]. This is the same as for its education. Due 
to the potential of virtual systems, the spatial skills and abilities 
of students can work with peers and professors and participate in 
multi-tasking/multi-user collaborative and instant tracking [5]. 
Recent approaches in the use of these kind of methods for the 
visualization of real urban spaces to improve or generate 
dynamic experiments:  
• "Blockholm" -Stockholm, 2014-, a game based on Minecraft 

that has invited 100,000 users, technicians and experts in urban 
design and citizens to participate. The objective of the game is 
based on designing a smart city of the future based on the real 
cartographic map of the city, including topography, streets, 
plots, rivers, lakes, etc.  

• "Play the City", implemented throughout 2012 in different cities 
of Holland, Belgium, Turkey and South Africa and which was 
based on a Word of Warcraft type game.  

• "SimCity" in its different versions, used as basic system in 
urban planning workshops, highlighting the case of Cape Town 
in 2013.  

They are basic proposals for zoning, for general uses at the 
level of an entire urbanization, or for large-scale digital work. In 
this sense, this experience is the closest to our approach, given 
that we have defined challenges to be solved by users and that 
generate complementary information prior to the generation of 
the project, knowing the type of participants, their opinions 
modifying the scenario and it can be interpreted as the support or 
rejection of a proposal. 

All these cases were incorporate noteworthy aspects linked to 
informal teaching models: citizens generate series of opinions or 
suggestions, which help students to see different points of view. 
In this case study the participants are an active element of the 
project, and the student, will have the ability to learn in real 
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environments and projects (Project Based Learning), allowing 
them to obtain and improve his spatial and social skills in a very 
optimal way, both formally and informally. This information 
improves their formal knowledge, as cases were conduct outside 
an academic environment.  

The use of mobile devices, wearables technologies such as 
VR, RA, collaborative work, and gamified strategies are 
permeating our society thanks to its ease of use and effectiveness, 
both in stages training, as well as in professional and social fields 
[24, 26]. Using these technologies, we can work with a new way 
to define urban proposals rehearsing various strategies of action 
in an interactive way. It is possible then, to have an effective way 
to collaboratively evaluate public spaces thanks to the active 
participation of students, professionals and end users.  

5 CASE STUDY AND RESULTS 
The behavior of a user of a new system or proposal provides 

information crucial for the success of its final implementation. 
To that end, there are quantitative strategies, like usability tests, 
profile tests, and satisfaction surveys. In the experimentation and 
scientific research, if we work with many samples (a minimum 
of 30-50 samples), we can manage collected data quantitatively 
and the results can be studied and compared in order to find 
statistically differences [8]. 

The case studied in this article includes a quantitative 
technique, with the variable of a gamified proposal and the use 
of visual ICTs, aspects that bring innovation, and immediacy. 
One of the tests were placed in the Museum Cosmo Caixa, 
Barcelona, on the Research Fair in Direct (RFD). We exposed to 
the public to use "wearables" technologies -RV glasses-, to know 
how virtual reality can help us to participate in a city-planning 
restructuring project in our city, such as the Superilles (super-
squares) in Barcelona (Figure 1).  The second test was place at 
the Computer Tools II (CTII) classroom to Architecture students 
at the La Salle, Ramon Llull University.  

 

 
Figure 1: RFD 2018. Multimedia gallery. 
https://recercaensocietat.wordpress.com/galeria-
multimedia/. Accessed on May 7, 2018. 

 
Figure 2: Example virtual reality scene. 
 

The participants worked on urban proposals that manages to 
create a large public space that prioritizes the people of the 
neighborhood above the vehicles. With glasses of virtual reality 
and through interactive elements, the participants shaped the 
urban public space. According to their criteria and 
collaboratively, configuring elements such as spaces for 
children's games, urban gardens, vegetation, lighting, 
recreational and cultural activities, among others.  

The virtual reality allowed participants to see in an 
immersive way the changes and actions that happens in the 
environment in real time (Figure 2), for example, in the 
calculation of specific lighting in a space to show a very dynamic 
and realistic result. Some participants’ proposals, inserted into 
the simulated environment, have the capacity to be in constant 
interaction by moving and rotating actions.  

For the quantitative approach, we delivered the participants 
questionnaires after using the virtual proposals (which is based 
on previous experiments done in architecture educational 
framework, [6, 11]). In the first group (RFD), the citizens not 
related to the Architecture field we had: 46 women under 18 
years old (mean age of 15.52 years with a standard deviation 
(SD) of 1.17), 70 men under 18 years old (mean age of 15.18, 
with a SD of 1.28), 6 women over 18 years old (mean age of 
25.83, with a SD of 9.41), and 13 men over 18 years old (mean 
age of 23.40, with a SD of 9.09), for a total of 135 participants. 
In the second group, the Architecture students (CTII), we had: 15 
women over 18 years old (mean age of 20.80 years with a 
standard deviation (SD) of 1.26), 14 men over 18 years old (mean 
age of 22, with a SD of 2.29), for a total of 29 students. 

To both groups we design a Likert scale where participants 
evaluate answer from 1 to 5 their level of agreement with the 
statement exposed. The participants were consulted using 13 
statements about different aspects: seven related to Intrinsic 
Motivation Inventory (IMI#), three questions focused on the 
social view of the citizens (Soc-Urb#), and the lasts three 
questions related architecture framework and digital skills (Dig-
Sk#):  
 IMI1: I like and have fun using virtual environments 
 IMI2: I understand the space better with 3D visual systems 

rather than with plans and models 
 IMI3: Using virtual and gamified systems requires less effort 

to understand 
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 IMI4: The use of interactive systems generates less stress than 
traditional systems 

 IMI5: By knowing the new visual systems, will change my way 
of working in the future 

 IMI6: Games and interaction are useful for my future and can 
benefit me 

 IMI7: These systems help me to interact with other users / 
friends / colleagues 

 Soc-Urb1: These systems facilitate decision making in urban 
projects 

 Soc-Urb2: The RA / RV systems allow the design and re-
evaluation of urban spaces 

 Soc-Urb3: They allow to identify possible unsatisfied social 
needs  

 Dig-Sk1: With the information obtained from the users, the 
students can incorporate the data to optimally modify their 
projects and proposals 

 Dig-Sk2: The opinion of the final users helps and should serve 
to improve the training / competences of the student 

 Dig-Sk3: These systems help to improve the digital skills in 
complex representation of students 

Focused on the theme of the Project (based on the design 
and virtual interaction of new proposals for the use of urban 
space and the adaptation to the space of both proposals and 
users), the data collection made in this article is significant as 
identifies a series of variables to pay attention in the process of 
system development.  

In the present study, with users outside the architectural 
field (RFD), the IMI average stood at 4.09, without significant 
differences at a global level neither by age nor by gender. This 
result is encouraging, since it allows us to affirm that with the 
adequate training and practice time students can increase their 
degree of motivation in the use of interactive RV systems, and 
therefore a better preparation for the transversal use of them. By 
graphically analyzing the average obtained responses related to 
technologies used and perceptions/motivations, we observed 
similar behaviors in the four groups with high motivation, but 
with three levels below 4, with a margin of improvement IMI4 
(3.64), IMI5(3.82), IMI7(3.74) (Figure 3).  

 

 
Figure 3: Intrinsic Motivation Inventory questions about the 
use of virtual systems in urban spaces (RFD). 
 

Regarding the variables associated with the social/urban 
uses (identified with the questions marked as Soc-Urb#), and the 
improvement of digital skills in the students (identified as Dig-
Sk# questions), the overall balance is satisfactory, all indicators 
are equal or above 4 (Figure 4). 

 
Figure 4: Usability of Virtual Systems for Social/Urban 
proposes and to improve Digital Skills of the students (RFD). 
 

These results demonstrate a highly positive assessment by 
users regarding the issues designed. The average of the questions 
related to the utility of the system for the decision-making and 
re-planning of urban uses (Soc-Urb questions), have an average 
of 4.24. Higher is the result (4.34) related to the perception that 
these systems are an educational help to improve the digital and 
spatial competences of the students. 

In the second group (CTII), with users inside the 
architectural field, the IMI average stood at 3.64 (Figure 5), 
without significant differences at a global level neither by age nor 
by gender. This lower result is related at first to the 
utility/complexity perceived by the system, based on the 
qualitative comments collected and not treated with in this 
article. In summary, both students and professors perceive a very 
powerful environment but with a long and complicated learning, 
without it being clear the immediate utility in the architectural 
and urban project process. 

 

 
Figure 5: Intrinsic Motivation Inventory questions about the 
use of virtual systems in urban spaces (CTII). 
 

Regarding the variables associated with the social/urban 
uses (identified with the questions marked as Soc-Urb#), and the 
improvement of digital skills in the students (identified as Dig-
Sk# questions) we have found also a lower levels in the group of 
CTII in front of the RFD sample. The average of the variables 
Soc-Urb# for the sample of the RFD is placed in a 4.27 with 
respect to the 3.73 of CTII, similar levels as for the variables 
Dig_Sk # (4.37 vs. 3.88 respectively) (Figure 6). We have 
compared the responses of the two groups, RFD that are users 
without Architecture education, and CTII that are students and 
professors related with Architecture framework, Figure 7 and 8), 
using the Student’s t-test for assessing the differences, and based 
on the null hypothesis (H0) of no differences in mean scores 
between the groups.  
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Figure 6: Usability of Virtual Systems for Social/Urban 
proposes and to improve Digital Skills of the students (CTII). 
 

Figure 7: Comparison IMI results. 
 

 
Figure 8: Comparison on Social/urban uses and 
improvement of digital skills using VR results. 
 

Based on the results (Statistical significance obtained 
below the threshold of 0.05, which allows to affirm a guaranteed 
difference of at least 95%), we can affirm that there is a clearly 
differentiated behavior according to the profile of the users of the 
system. Regarding the variables associated with the IMI test, we 
have found statistically differences in the variables # 1, # 2, # 4 
& # 7, but in the case of variables associated with the social/urban 
uses (identified with the questions marked as Soc-Urb #), and the 
improvement of digital skills in the students (identified as Dig-
Sk # questions), we have found statically differences in all 
variables. In Table 1 we can observe the results of the comparison 
between samples using the t-Student (based on different 
variances of the samples).  

 
 
 
 
 

Variable T-Statistic P(T<=t) two tailed 

IMI1 2.676780947 0.011235966 
IMI2 1.120234757 0.269294989 

IMI3 2.041623043 0.048367485 
IMI4 4.771683931 2.13037E-05 
IMI5 -0.634710833 0.528569625 

IMI6 0.894901021 0.376193604 
IMI7 1.744822319 0.044254121 

SOC 1 2.515225107 0.015909398 
SOC 2 1.866614582 0.034743524 
SOC 3 2.387306021 0.021666007 
DSK 1 1.87053192 0.034464041 
DSK 2 3.5101366 0.001124552 
DSK 3 1.68816103 0.050266944 

Table 1: T-Statistic and P (T<=t, two tailed) 
The clearly lower averages of the users related to the 

architectural educational environment, can be attributed to 
factors such as: a lack of initial motivation in systems that have 
not been previously used and over which they have not been 
trained. Also, can  be a perception of lack of utility in their needs 
of the professional activity to which they add the perception 
according to these systems are agents closest to leisure or 
external uses of the architectural professional field. Currently, 
the use of CAD (Computer Assisted Design) and BIM (Building 
Information Modeling) systems are the main technological tools 
used for modeling the architectural space, due to its fast learning 
curve, its high degree of implementation in subjects like 
workshop/projects/urban planning, and its constant use. 

On the other hand, and at a user level, systems such as AR 
or VR are technologies that we could curiously say are closer and 
less specific than CAD or BIM. This type of interactive 
technologies and with a certain gamified component is found 
increasingly common in all types of environments, ranging from 
early educational phases to all kinds of applications at play, 
tourism, culture, etc. Undoubtedly, this aspect is what most 
general users perceive as part of the potential of the tools 
evaluated and that is demonstrated in the high result of them. 

6  CONCLUSIONS 
The main innovation of this case study is the design of a 

practical system to recognize the informal data generated by the 
citizens and by using a mixed method we can extract important 
data that can contribute in the education of urban design students. 
The results reflect that within the discipline of urbanism it is 
possible to introduce new technologies for the ease of the 
process. The use of tools such as VR is appropriate to achieve 
greater motivation, precision and collaboration on the part of 
citizens. It is also accurate that it serves as a method for students 
and professionals to efficiently present design proposals through 
the collection of informal data collection.  

The use of Digital Transformation in the educational process 
of urban design courses, help to improve the digital skills in 
complex representation and allow the re-evaluation of urban 
spaces. In areas of formal and informal education of collaborative 
urban design, this method improve public motivation, 
implication, and satisfaction in urban decision-making processes. 
Participants were receptive and aware to adapt to this new 
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paradigm using advanced visualization methods. This aspect not 
only reflects the usefulness of the method, but also the potential 
in the academic and competence improvement of the student, and 
that it is possible to define a new space-participation model, 
guided, on the local scale, by single citizens, and by a local 
community.  

However, an aspect to be re-evaluated is the fact that the 
participants gave lower point to the affirmation that this tool 
allow to identify possible unsatisfied social needs and to the 
affirmation that the use of interactive systems generates less 
stress than traditional systems. For this, it would be important to 
improve the interaction with space and objects, the quality of the 
graphics and the reality of the objects. Our future experiments 
will be related with the study of the correlation between 
interaction of the user and the visualization method and the way 
they can manage it to serve as a tool to satisfy their needs. In 
addition, we will focus our future proposals to integrate of Digital 
Transformation in the teaching and processes of urban design and 
citizenship, through innovative concepts and practical 
methodologies.  
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