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Resumen 

En los últimos años, la Realidad Virtual y las Aplicaciones Interactivas en 
tiempo real han experimentado un creciente uso en campos tan diversos 
como la medicina, la construcción, publicidad, etc.… 

En la inmensa mayoría de los casos, el objetivo final de estas aplicaciones 
son las personas, por lo que un correcto diseño teniendo en cuenta a esos 
posibles usuarios es clave para que las aplicaciones cumplan los objetivos 
para los que son concebidas y tengan éxito. 

Existen diversas metodologías empleadas para el diseño de aplicaciones 
de Realidad Virtual y Aplicaciones Interactivas en Tiempo Real, la 
mayoría de las cuales se consideran metodologías centradas en el usuario. 
Sin embargo, pocas de ellas incluyen las herramientas suficientes para 
entender al usuario y sus necesidades, y la mayoría simplemente se 
enfocan en el usuario mediante entrevistas o cuestionarios. 

Por esta razón, nos embarcamos en la aplicación del Design Thinking al 
diseño de aplicaciones de Realidad Virtual y Aplicaciones Interactivas en 
tiempo real. 

El Design Thinking es una metodología que toma en consideración 3 
aspectos a la hora de abordar un proyecto: el usuario, la tecnología 
disponible y las necesidades de negocio de quien solicita el proyecto. 

Durante la aplicación del Design Thinking se utilizan diferentes 
herramientas para la investigación de los usuarios, para la generación de 
ideas y el prototipado entre otros. En el caso particular de este trabajo, las 
herramientas IDEO Method Cards fueron la base que ayudó a sustentar 
la metodología aquí propuesta. 

Finalmente, una vez la metodología había sido definida, fue probada en 
dos proyectos diferentes para validar su uso.
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Abstract  

In recent years, the use of VR applications and IRTAs has increased and 
reached diverse fields such as medicine, civil engineering, marketing and 
so on. 

In most cases, the final and most important objective of these applications 
is the people. For this purpose, a correct design that takes into account 
the needs of these people is of key importance to meet the goals of the 
project and to ensure its success. 

There are many methodologies applied to the design of VR applications 
and IRTAs. The vast majority of them are considered user-centred 
methodologies. Nonetheless, few of them include enough tools to fully 
understand users and their needs and the majority of them focus only on 
the user by means of surveys & questionnaires. 

For this reason, we embarked on the application of the Design Thinking 
methodology to design IRTAs and VR tools. 

Design Thinking is a methodology that takes into account three main 
aspects in order to manage projects: users, available technologies and the 
business requirements of those who request the project. 

Through the Design Thinking methodology, different tools are used for 
user research, idea generation and prototyping among others. In this 
particular case, the IDEO Method Cards tools were the basis of the 
methodology proposed here. 

Finally, once the methodology was defined, it was applied to two different 
projects in order to validate it. 
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Chapter 1 

C h a p t e r  1 :  Introduct ion 

1 . 1  M o t i v a t i o n  
This work studies the applicability of the DT methodology to the design 
of IRTAs and VR tools. Through the methodology, different design tools 
are applied which help gather information about users. That information 
provides insights for a correct design of the IRTA or VR tool. 

The importance of IRTAs and VR tools has increased in recent years 
and their use reaches new fields everyday. Although entertainment is one 
of the most common areas for these kinds of applications, their 
importance in other fields like health, business and training cannot be 
ignored. 

Since the importance of these kinds of tools has increased, several 
methodologies have appeared in an attempt to establish useful 
procedures for those embarking on the development of IRTAs and VR 
tools (Kaur, 1998) (Fencott, 1999) (Stanney, 2002) (Burdea et al., 2003) 
(Bartle, 2003) (Kim, 2005) (Craig et al., 2009) (Wang et al., 2011). 
Nonetheless, none of the cited works has explored the application of DT 
to the design of IRTAs or VR tools.  

As a methodology which puts its focus on users, technology and business, 
it was considered that the DT approach could be especially useful for 
these projects. During the application of the design thinking 
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methodology, several tools are applied to obtain information about users 
and the environment surrounding the project. Therefore, this work 
emphasizes the correct selection of those tools to fulfil the needs when 
designing IRTAs and VR tools. In light of this, the present work does not 
focus on the definition of the DT methodology itself, which has already 
been defined, but on selecting the most appropriate tools applied through 
the methodology in order to capture the widest amount of valuable 
information for the project. 

For the above-mentioned purpose, the needs when designing IRTAs and 
VR tools were studied. For the first, delivering a pleasant experience for 
the user and mirroring reality were the two main needs. In the case of 
VR, Immersion and Presence were the two main concerns, Presence 
being the most important and difficult to achieve. A thorough analysis of 
the existing literature regarding Presence was carried out in order to gain 
insights that could lead to a correct selection of tools. Since quantitative 
methods have not been able to properly deliver a good understanding of 
how to achieve Presence, it has been considered that a qualitative 
methodology like design thinking is thought to help fill those gaps still 
present when speaking of Presence. 

Once the methodologies were defined, they were applied to real projects 
of each kind (IRTAs and VR tools) to validate them and improve them. 
Both projects are learning applications (the IRTA being a concrete-
spraying machine simulator and the VR tool being a gardening 
simulator). The results in both projects were satisfactory and the two 
projects were widely accepted among current users (both instructors and 
trainees). 

1 . 2  O b j e c t i v e s  
As commented in Chapter 1.1, the main goal of this thesis is to 
demonstrate that DT can make a change in VR and IRTAs. The 
trinomial that DT takes into account (business, technology and people) 
and its structured approach to design (which will be explained later) is a 
good starting point for designing projects in such fields, mainly since most 
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of the current methodologies lack a proper approach to understanding 
users and their real needs. A second objective was to find the best design 
tools (most of them applied in the Explore stage of DT) to help develop 
projects in these two fields. This project also aims to define how to use 
those tools. 

For the particular case of VR, there was a third objective that appeared 
during the definition of the methodology. It has been commented that 
one of the most important aspects when designing for VR is achieving 
Presence. The third objective of this work was to demonstrate that a DT 
methodology aided by a correct set of tools can help deliver Presence in 
VR. 

1 . 3  O u t l i n e  
This document has been divided into 7 chapters, included the present 
one, in which the Motivation, Objectives and Outline of the work are 
explained. 

In Chapter 2 presents a review of the history of DT along with an in-
depth explanation of the methodology. A review of the most important 
publications regarding DT, a look at DT in university and a reference to 
the most important companies applying DT can also be found in this 
chapter. 

Chapter 3 goes on to analyse the design needs when developing projects 
regarding IRTAs and VR tools. Since these problems were addressed 
thanks to the DT methodology and, more importantly, to the design tools 
used (IDEO Method Cards), a detailed explanation of this set of tools is 
provided in this chapter. 

Once the design needs are defined and the IDEO Method Cards 
explained, Chapter 4 describes how the appropriate set of tools for each 
methodology is selected, and the reasons why they are the most 
appropriate. 

After the methodology was defined, the next step was to validate it. In 
Chapter 5, the methodology for IRTAs is applied to a real project 
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consisting of the design of a concrete-spraying machine simulator for 
teaching future workers. In addition, the methodology for VR tools is 
validated in a project in which a gardening virtual environment, aimed at 
people with disabilities, is designed. 

The results of applying the methodology to these projects are shown in 
Chapter 6. 

Finally, the conclusions of this work are discussed in Chapter 7, which 
also contains a brief explanation of future lines of work. 

To provide a better understanding of the tools used in the methodology, 
they are presented in Appendix A.
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Chapter 2 

C h a p t e r  2 :  Introduct ion to Design 
Thinking and VR 

2 . 1  H i s t o r y  o f  D e s i g n  T h i n k i n g  
“Design thinking [...] is as a discipline that uses the designer’s sensibility 
and methods to match people’s needs with what is technologically feasible 
and what a viable business strategy can convert into customer value and 
market opportunity.” (Brown, 2008) 

The definition by Tim Brown is the result of decades of evolution of the 
design research initiated in the 1960’s by Horst Rittel, Herbert Simon 
and Viktor Papanek. During these first two decades of design research 
and publications (1960’s and 1970’s), several important concepts 
appeared that would set the bases for the future definitions and design 
trends that have lasted until our days (wicked problems in design and 
sustainable design among others). 

After the two decade’s above mentioned, design research experimented a 
period of time in which researchers started to wonder how the process of 
design takes place, which are the fields in which design can make a 
change and what are the special skills that define a designer and its 
uniqueness. During the next two decades (1980’s and 1990’s), Nigel Cross 
started to realise that the way designers work is not only a product of an 
isolated spark but a whole process that could be studied, analysed and 
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documented for better understanding it. Also during this stage of the 
design history, Richard Buchanan popularized the term ‘wicked 
problems’ (Buchanan, 1992) and also distinguished four disciplines in 
which design thinking made a change: 

• Symbolic and visual communication 

• The design of material objects 

• Activities and organised services 

• The design of complex systems or environments for living, 
working, playing and learning. 

This was the first time someone realised that design thinking is a 
multidisciplinary approach in which different profiles of people are 
needed. Analysing the 4 points above mentioned, it can be easily inferred 
that those disciplines are nowadays known as: 

• Graphic Design 

• Product Design 

• Service Design 

• Urban Design and Planning 

During these years, design researchers and authors put a great effort in 
differentiating the disciplines of science and design. David Schön 
defended this using again the term “wicked problems”, which he called 
“swampy lowlands”. The nature of wicked problems is that, in the end, 
there is no problem because while in science ends are fixed and scientists 
face an instrumental problem, designers are confronted with an open-
ended problem, which provokes that there’s indeed no problem defined. 
For that reason, Schön believed that designers should rely more on 
intuition.  The debate on whether design should be a discipline different 
to science continues nowadays. 

The next stage in the evolution of Design Thinking is still happening and 
it focuses on evolving the existing design methodologies. These 
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methodologies share many common points of view, and that is the reason 
why DT aims at uniting them into one. These methodologies are the 
following: 

• Participatory Design 

• User-centred Design 

• Service Design 

• Human Centred Design 

2.1.1  Participatory Design 
This design methodology was the first attempt to involve people in the 
design process. 

Nonetheless, the methodology, born in Scandinavia as Cooperative 
Design, took users into consideration only when the project was already 
being developed or in the prototyping phase. This, in the majority of 
cases, led to situations in which users opinion and needs were not taken 
into account or they were only in terms of usability. 

To solve this, a new approach to design emerged, called User-centred 
design. 

Participatory Design, however, has evolved as discipline parallel to the 
others, trying to involve users in the design process more and more 
everyday, reaching what now is called co-creation. 

2.1.2  User-centred design 
Donald Norman first referred to user-centred design in his book of 1986 
(Norman, 1986). Nonetheless, the main core of UCD can be found in his 
1988 publication (Norman, 1988). In the book, Donald discusses the 
reasons why users love certain products while others go unnoticed. 

According to Norman, the focus when designing must be on users, not 
only by involving them in usability tests but also by focusing on their 
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experience with the product. This is the first and most important shift 
with respect to participatory design. 

The second change is that user-centred design, as defined by Norman, 
aims at placing the user in the centre of the design process, instead of 
considering them at the end of it. Norman claims, among other things, 
that products must be correctly designed to avoid errors or at least to 
allow making up for them. He defends that when a person fails in using 
certain product, it is always a problem of bad design. 

For user-centred design to take place, designers must focus and work on 
discovering user’s needs. 

User-centred design is widely used nowadays in all kinds of fields: 
hardware design, software design, architecture, etc. 

2.1.3  Service Design 
The next step in the history of the design methodologies was the 
appearance of Service Design. 

The main contribution of Service Design to the design process is that it 
considers not only the product as an object that once people buy it has no 
further interest. The Service Design approach analyses the experience of 
the user with that product; the whole journey that the user takes with 
what is offered. In that sense, while the product is something that exists in 
the store even though the user does not buy it, the service only starts once 
it starts being delivered to the user (Morelli, 2002). 

Another contribution that Service Design made to the design 
methodologies is the consideration of all the stakeholders in a process, 
and not only the final user. Among these stakeholders, the people that 
deliver the process, the designers, the users and all the people involved in 
one way or another during the service can be found. 

These two characteristics, the consideration of the whole journey and the 
involvement of all the stakeholders, give Service Design a 



Chapter  2 :  In t roduct ion  to  Des ign  Th ink ing  and  VR   

 

9  

multidisciplinary nature that is reflected in the teams usually involved in 
designing services. 

A good reference for the Service Design process, examples and methods 
was published in 2010 (Stickdorn et al., 2010). In this book, the two 
authors review the methodology applied during the Service Design 
process. This methodology is based on the design thinking one, which 
will be explained later in this work. Apart from defining the methodology, 
the authors provide the reader with a set of tools that can be used in 
every service-design project. These tools and the methodology are also 
validated with examples of real projects from different firms. 

2.1.4  Human-centred design 
This last discipline is usually mixed-up with User-centred design due to 
their inclusive character that aims at involving people in the design 
process. It appeared in the early 90’s and was introduced by William B. 
Rouse (Rouse, 1991). 

The main addition of Human-centred design to the design methodologies 
is his main difference with User-centred design. While UCD encouraged 
the consideration of the users through the whole design process, HCD 
seeks to strengthen the role of those users and make them part of the 
design process. For this, teams that follow an HCD approach must try to 
empathize with people. 

But not only the goal is to make people part of the design process. HCD 
also intends to deliver products and services that empower people abilities 
and that help them be a change and create something. 

In this sense, HCD has been widely used in social projects in order to find 
innovative solutions that enhance the lives of certain communities not 
only by giving them a solution, but also by giving them means for further 
improving their conditions. IDEO.org, the social branch of the design 
consultancy IDEO, launched in 2009 an HCD toolkit aimed at people 
involved in social projects (IDEO, 2009). 
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Empowering people’s roles by giving them the tools to be a change and 
to create something can also be seen as escalating the last step in the 
Maslow’s pyramid (Figure 1) (Maslow, 1943). As far as products and 
services are concerned, HCD tries to reach the self-actualization needs of 
humans. 

 
Figure 1: Maslow's pyramid 

 
Finally, the term “design thinking” was popularised by the Design 
Consultancy IDEO and especially by its CEO Tim Brown. According to 
IDEO, design thinking provides a mid-point between an intuition-based 
way of solving problems and an approach based too much in analytical 
and rational thinking. 
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DT, according also to IDEO, relies on HCD to provide a mid-point 
between user’s needs, business requirements and what is technologically 
feasible (Figure 2). 

 
Figure 2: Three factors present in design thinking 

 
In the particular case of this work we might talk about a new factor: 
training needs. The two projects addressed here are training applications 
for different needs. In this sense, knowing how to correctly manage the 
training and how to deliver it in order to maximize the learning of the 
trainees is of key importance. Besides, understanding how to implement 
the applications in the locations where they are going to be used, 
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allocating the necessary resources, etc. is a work that needs to be done. In 
this sense, the training needs might become the third factor in these kinds 
of projects, ousting business needs or at least merging with them. 

2 . 2  T h e  D T  m e t h o d o l o g y  
The design thinking methodology has been divided in a different number 
of steps throughout its history. Nonetheless, in this work, the 7-steps 
approach has been chosen since it has been considered that is the one 
that best defines how design thinking is applied. 

The 7 steps can be seen in Figure 3 

 

 
Figure 3: 7 steps of Design Thinking 

 
Now, the 7 steps of Design Thinking will be thoroughly explained 

2.2.1  Define 
The first step that is took when starting a project that will be addressed 
using Design Thinking, consists on perfectly defining the project. 

In this definition, usually provided in a brief, things like what we want at 
the end of the project, deadlines, potential users, colours, materials and so 
on are defined. For example, if someone were about to design a mobile 
phone, the brief could contain information on maximum size and weight 
of the device, the user’s to whom it would be addressed (if not addressed 
for everyone), colour range, life cycle of the device, etc. 

When a company orders a project to an external design team, it is usually 
the company that defines the brief. The same happens when the design 
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team is part of the company itself. Nonetheless, sometimes a design 
team’s initiative makes them propose a brief. 

2.2.2  Explore 
The second stage in a Design Thinking process is maybe the most 
important part of it. 

During this stage, the design team in charge of the project follows a 
defined schedule with the objective of getting to know all the stakeholders 
involved in the project. 

For this task, defining correctly who the stakeholders are is of key 
importance. Below, different definitions of stakeholder can be found: 

 

A person with an interest or concern in something, especially a 
business. (Oxford Dictionary, http://oxforddictionaries.com/) 

One who is involved in or affected by a course of action. 
(Merriam-Webster Dictionary, http://www.merriam-webster.com/) 

A person, group or organization that has interest or concern in 
an organization. Stakeholders can affect or be affected by the 
organization's actions, objectives and policies. (Business 
Dictionary, http://www.businessdictionary.com/) 

A party that has an interest in an enterprise or project. The 
primary stakeholders in a typical corporation are its investors, 
employees, customers and suppliers. However, modern theory 
goes beyond this conventional notion to embrace additional 
stakeholders such as the community, government and trade 
associations. (Investopedia, http://www.investopedia.com/) 

 

All the definitions agree that stakeholders are all the people that have a 
particular interest in a project. The stakeholders involved in a project 
therefore could be: users, non-users, design team, people in charge of the 
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production, suppliers, people who deliver the product/service, 
governments, environmental organizations, etc. 

Among all the possible stakeholders, the ones that consume more 
resources from the design team are users. Getting to know the future 
users/customers of the project is of paramount importance.  

For this purpose, several tools exist that help understand users. Different 
collections of these tools have been made in the last 10 years (IDEO 
2002, Curedale 2012 & 2013, Kumar 2012) in an attempt to collect all 
the different methods that professionals and people involved in design use 
in the exploration stage of design thinking. 

The duration of this stage varies depending on the length of the project, 
the available resources for the team to explore, the number of users we 
want to analyse and their location (a project in which we investigate local 
people usually takes less time than an international project). Duration 
ranges from a couple of weeks to months and the tools used must be 
thoroughly selected depending on the characteristics of the project. 

2.2.3  Ideate 
In a design thinking process, the third stage is the Ideate stage. Once a 
good understanding of users is available, the generation of ideas begins. 

Even though when speaking of idea generation the most common 
approach is brainstorming, many other creativity techniques can be used 
(My Coted, 2009) (Neuronilla, 2011). 

During the Ideate phase, the goal is to generate as many ideas as possible, 
even though some of the ideas could seem crazy or nonsense. The project 
needs those ideas since they can be the origin of better concepts. Later on 
in the design process, a pruning will take place to discard unnecessary 
ideas and leave the best ones. 
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2.2.4  Prototype 
One of the most important contributions of the design thinking 
methodology is encouraging active prototyping willingness among the 
design teams. 

Trial and error is one of the most common ways to improve things 
(Siemon, 2002 & 2003). In this sense, design thinking promotes this 
philosophy by encouraging prototyping during all stages of the design 
process. Failing. Doing it fast, early and often. 

Not always a full working prototype is needed. Indeed, there are several 
levels of prototypes (low, mid and high-fidelity) depending on how close 
to the final product the prototype is. Usually, fidelity also reflects in the 
cost of the prototype, being the low-fidelity ones the cheaper among the 
three categories. In the first stages of the design process, low-fidelity 
prototypes are most common; our intention is to quickly test different 
ideas in order to analyse their feasibility, to find possible improvements or 
foster new inspiration. As the process progresses, prototypes become 
more real (mid and high-fidelity prototypes), although low-fidelity 
prototypes are usually present during the whole process. 

Apart from the fidelity classification, prototypes can be classified by its 
nature or ‘aspect’ in these categories: 

• Visual prototype 

• Form analysis prototype 

• UX prototype 

• Functional prototype 

2.2.5  Select 
Early in this chapter it was stated that the Explore stage of the design 
thinking was one of the most important stages. The Select stage is also of 
key importance and also one that people find more difficulties to succeed 
at. 
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Many are the factors that make idea selection a tough process: difficulty 
to filter among tons of ideas, lack of consensus, subjectivity and 
inclination to select our own ideas, external pressures, tendency to select 
feasible ideas in opposition to innovative ones, etc. (Rietzschel et al., 
2010). 

Before starting to select the ideas, a good exercise is to review the project 
brief (set in the Define stage of the process) and more importantly the 
users’ information we gathered during the Explore phase. Once we do 
this, we can proceed with the selection, using tools that make use of that 
information about users and the requirements set in the very beginning of 
the project. Among the most used tools, the following can be found: 

• Concept screening 

• Concept scoring 

• Six thinking hats 

• Negative selection 

The output of this selection will be the final product, service or system 
(although certain refinements will still appear in the process) so special 
attention must be taken during the selection. 

2.2.6  Implement 
After the final concept has been selected, the process of creating it begins. 

For this stage of the design thinking methodology many aspects must be 
detailed: 

• List of available resources: human resources, budget, space, 
materials 

• Task definition: perfectly define every task that has to be 
completed in order to create the final output of the project 

• Task assignment: define who is going to do what 

• Schedule: define the duration, order, start and end of each task. 
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2.2.7  Review 
Lastly, once the project has been implemented and is in use, the team has 
to keep track of how the project is accepted among users, its 
improvement opportunities, and features of the product that might not be 
useful, new possible functionalities to add to the product, users that might 
have not been considered, and so on. 

A good way to review a project is going back to the Explore stage and 
applying some of the tools used there. 

Despite these seven steps present in the DT methodology, it is necessary 
to be said that the methodology is not completely linear, that is, the seven 
steps are not just performed one after another from the first one to the 
last. DT is an iterative methodology in which, despite following the seven 
steps, the design team usually goes back in the methodology to review 
certain stages. The clearest example of this is the Prototype stage. 
Prototyping is present through the whole DT process, even though here 
is presented as the fourth stage. In the same way, idea generation 
inevitably occurs through the whole methodology, since it is impossible to 
withdraw the mind from the different insights that appear along the 
process that prompt new ideas. 

2 . 3  D e s i g n  s t a t e  o f  t h e  a r t  

2.3.1  Design Thinking State of the Art 
Design Thinking is a relatively new discipline. The first reference 
appeared in the late 80’s and since then, different research has been 
made in its practice. Nonetheless, it was not until the beginning of the 
new millennium that the boom in publications started. These last 10 
years have seen an important increase in the number of books and 
articles regarding DT and also in the amount of companies integrating 
DT in their activities. 
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2.3.1.1  Books 

One of the things that surprise the most about DT is the lack of books 
available until a few years ago, although the first reference dates back to 
1987. This could be easily explained attending to the youth of the 
discipline. 

The first publication in which the term was used, mentioned above, dates 
from 1987. In this book, called Design Thinking, Peter Rowe explains 
different problem-solving approaches for urban planners and architects. 
However, no reference is still made to the design of products, services or 
systems.  

The next big book about DT was written by IDEO’s CEO Tim Brown 
and published in 2009 (Brown, 2009). In his book, Brown explains DT 
from the perspective of the world leading design consultancy IDEO, 
which applies the methodology in all of their works for the most 
important brands around the world. As it has been mentioned in Chapter 
2.1, IDEO defines DT as an HCD methodology in which three main 
aspects are merged in order to deliver the most successful products, 
services, systems and experiences. 

After this last reference, two main new books have come, showing that 
DT presence in libraries starts to take a big leap forward (Cross, 2011) 
(Lockwood, 2009). 

The book by Nigell Cross, called Design Thinking, is an excellent 
compendium of all the research carried out not only about design 
thinking, but also about design as a whole. Cross is well-known for being 
one of the most remarkable researchers in design, having being one of the 
most important contributors for the foundation of institutions like the 
DRS (Design Research Society). Currently, Cross is the Editor in Chief of 
one of the top journals in the discipline of design: Design Studies. This 
background makes the book a good reference for all the people who are 
dedicated to design or who want to know how designers think and act in 
their everyday tasks. The book is more a thorough and scientific analysis 
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of DT, based on extensive research of designers work, than a definition of 
it aimed at convincing people or companies from its goodness. 

Lastly, Design Thinking by Thomas Lockwood is a reference book 
regarding the integration of DT in business. It gathers 23 writings form 
people researching in the application of DT to business and management 
or people that are already applying the methodology in different 
companies. These 23 writings are divided into four categories: DT 
methods, value and brand building, service design and experience design. 
Lockwood is the president of the DMI (Design Management Institution), 
which aims at introducing design in companies more and more everyday. 
This gives the book a special importance and makes it a good reference 
for the state-of-the-art of DT in business. 

2.3.1.2  Academia 

Two main journals publish articles in the field of DT: Design Studies 
(Elsevier), mentioned in Chapter 2.3.1, and Design Issues (MIT Press 
Journals) 

Navigating through the articles published in Design Studies, it can be 
seen that the main discussion in this journal is about the process of DT 
itself, how it is applied and the necessary research that must be done and 
how it must be performed in order to understand designers (Cross, 1982) 
(Dörner, 1999) (Adams et al., 2011) (Dorst, 2011) (Rodgers, 2013). 

In addition, a search in Google Scholar returns approximately 21600 
results. Nonetheless, it is interesting to highlight that more than 60% of 
those results date back from 2008. In 5 years, more research and 
publications about design thinking has been made compared to the rest 
of the history. 

One of the most important topics in which research is done regarding 
DT is education, which is closely related to this work since the projects 
here addressed are aimed at teaching certain professions. The 
publications regarding education, not only deal with educating in DT 
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(Oxman, 1999 & 2004) (Dym et al., 2005) (Carroll et al., 2010), but also 
about using DT as a teaching tool (Dunne et al., 2006) (IDEO, 2011). 

Finally, other topics in which research about DT can be found are the 
application of DT to disciplines beyond the design areas (Stewart, 2011) 
social projects (Brown et al., 2010) and to management (Beckman et al., 
2007). 

A Design Thinking Research Symposium (DTRS) is held every two or 
three years. Special issues of the journal Design Studies are delivered with 
particular topics treated in the DTRS. For this purpose selections of 
papers presented in the symposium are published in Design Studies. 

2.3.1.3  Business 

The number of professionals applying design thinking is large, and it 
increases more and more everyday, with new design and innovation 
consultancies using DT for different projects and with new companies 
applying it in their activity. 

As it has been commented in Chapter 2.1, the first and most important 
firm to apply DT was IDEO Design Consultancy. In this sense, DT is 
applied by IDEO’s team in the different projects that the firm develops in 
request from third parties. Apart from IDEO, many other design and 
innovation consultancies apply DT in product, graphic, service and 
urban design and planning (DesignIt, frog design, Smart Design, Engine 
Group, live|work, etc.) 

Apart from these design and innovation consultancies, several companies 
like GE (General Electrics), P&G (Procter & Gamble) and Philips have 
joined the DT movement in order to re-think their business and adapt to 
an ever-changing environment. 

One of the best examples of this shift to DT among companies is the 
Design Studio at Philips. Their innovation team develops projects in a 
wide range of fields (food, lighting, healthcare, social issues, etc.). These 
projects generally provide ground breaking ideas that might change the 
future and thus are not feasible in the particular moment when the 
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project is conceived. Others, however, are products that easily reach the 
consumer market in the moment of their design. All these projects can be 
seen in the corporal website of Philips Design (Philips, 1998) 

2.3.2  Design Tools State of the Art 
In Chapter 2.2.2, while explaining the DT process, it was mentioned that 
during that process different tools are applied. These tools help the design 
team gather information about the users, their environment related to the 
project, the rest of the stakeholders. These tools are also the sparks of new 
ideas for the design. 

The spectrum of tools available for designers is wide and, indeed, new 
tools are created everyday. This is due to the innovative character of DT 
and the great number and diversity of projects in which it is applied. In 
these projects, new research methods are sometimes applied due to the 
particular nature of them. When that new method or tool reappears or 
becomes necessary in more than one project, then it usually becomes a 
tool that can be integrated in the spectrum of available tools. 

Some of the most important collections of tools that can be found are: 

• IDEO Method Cards (IDEO, 2002) 

• Vijay Kumar’s 101 Design Methods (Kumar, 2012) 

• Stanford’s d.school Methods (d.school Methods, 2010) 

• Design Council’s design methods (Design Council) 

• Service Design Tools (Service Design Tools, 2009) 

• Robert Curedale’s design methods (Curedale, 2012 & 2013). 

2.3.2.1  IDEO Method Cards 

The IDEO Method Cards are a collection of 51 design tools presented in 
a box in which each tool is represented with a card. The set was created 
by IDEO in 2002. 
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The 51 tools are classified in four categories, depending on the way the 
design team empathizes with the users and the environment using that 
particular card. The four categories are: 

• Learn 

• Look 

• Ask 

• Try 

In Table 1, a classification of the 51 tools in their categories can be found. 
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Learn Look Ask Try 

Activity 
Analysis 

A Day in the 
Life 

Camera Journal 
Behaviour 
Sampling 

Affinity 
Diagrams 

Behavioural 
Archaeology Card Sort 

Be your 
Customer 

Anthropometric 
Analysis 

Behavioural 
Mapping 

Cognitive Maps Bodystorming 

Character 
Profiles 

Fly on the Wall Collage Empathy Tools 

Cognitive Task 
Analysis 

Guided Tours 
Conceptual 
Landscape 

Experience 
Prototype 

Competitive 
Product Survey 

Personal 
Inventory 

Cultural Probes Informance 

Cross-Cultural 
Comparisons 

Rapid 
Ethnography 

Draw the 
Experience 

Paper 
Prototyping 

Error Analysis Shadowing 
Extreme User 
Interviews 

Predict Next 
Year’s 
Headlines 

Flow Analysis 
Social Network 
Mapping 

Five Whys? 
Quick-and-
Dirty 
Prototyping 

Historical 
Analysis 

Still-Photo 
Survey 

Foreign 
Correspondents 

Role-Playing 
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Long-Range 
Forecasts 

Time-Lapse 
Video 

Narration Scale Modelling 

Secondary 
Research 

 Surveys & 
Questionnaires 

Scenarios 

  Unfocus Group 
Scenario 
Testing 

  
Word-Concept 
Association 

Try it Yourself 

Table 1: Classification of the 51 IDEO Method Cards 
 

As it can be seen, some of the tools are typical research methods (e. g. 
Surveys & Questionnaires, Secondary Research, which refers to looking 
for papers and publications on the subject of the project, and so on). 
Others are more artistic and creative tools (Collage) and most of them are 
aimed at interacting with and learning from people (Fly on the Wall, 
Behavioural Mapping, Try it Yourself, etc.). 

As it was mentioned above, each tool is presented in a card. In one side of 
the card four things can be found: the category that the tool belongs to, a 
short explanation on how it has to be carried out, why it is useful when 
applied and an example of a project in which the that particular tool was 
of special importance. On the other side of the card, a picture or 
illustration is shown from the project in which the tool was used. 

2.3.2.2  Vijay Kumar’s 101 design methods 

Vijay Kumar, professor at the IIT Institute of Design, consultant, coach 
and advisor to several corporations, released this book and collection of 
tools in 2012. His background also as leader of the Design Methods 
program at the IIT makes this book a good reference of the design 
practice. 
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The book starts with an introduction in which it is interesting to remark 
the Four Principles of Good Innovation that Kumar considers important 
for teams engaged in design projects. 

After the introduction, the book is divided in seven chapters, which 
conform the seven steps that Kumar believes must be taken in a design 
process (very similar to the seven steps of DT).  

These seven stages are (Figure 4): 

• Sense Intent 

• Know Context 

• Know People 

• Frame Insights 

• Explore Concepts 

• Frame Solutions 

• Realize Offerings 
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Figure 4: Vijay Kumar's 7 stages of design. 

Each chapter is divided into two sub-chapters. These two sub-chapters 
are always called Mindsets and Methods. In Mindsets, Kumar explains 
what the design team is expected to obtain during that particular stage. 
In Methods, Kumar provides the reader with different tools useful for 
that particular stage. Each tool leans on real projects in which it was 
applied to give those tools a proper validation. 

The book is a great tool for designers, which provides methods for 
succeeding in every stage of the design process. 

2.3.2.3  Stanford’s d.school methods 

The Stanford School of Design, d.school, closely linked to IDEO and 
partner in creating the term Design Thinking, provides novel designers 
with a set of tools useful for the first times that they get involved in design 
projects. 
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The collection consists of 16 basic tools (Figure, although Stanford 
encourages practitioners to increase the number by sending new ones. 

 
Figure 5: d.school methods 

Among the available tools, well-known ones like Brainstorming, 
Storytelling and Extreme Users are present. 

2.3.2.4  Design Council’s design methods 

The British Design Council is a charity organization original from 1944. 
In their own words, their mission is to champion great design; the kind of 
design that improves lives and makes things better.  

The Design Council works with designers and companies to take design 
to social and public problems in their country. 

They provide the visitors of their website with a set of tools that designers 
from their organization use. The set of tools consists of 24 methods 
among which designers can find famous ones like Brainstorming, 
Character Profiles, Focus Groups, Observation and so on. 

2.3.2.5  Service Design Tools 

The research carried out by Roberta Tassi during her graduation thesis, 
led DensityDesign research group at Politecnico de Milano and DARC – 
the Research and Consulting Centre of the Domus Academy in Milan, to 
the creation of this website. 
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36 tools are presented to the user, although from the website, designers 
are encouraged to increase the number by sending new ones, since 
Service Design Tools is considered as an open platform of knowledge. 

There are four main categories of tools. The first category, Design 
Activities, refers to the design activity in which the tools are used for; the 
second category, Representations, refers to the kind of representation the 
tool provides; the third category, Recipients, refers to the recipients the 
tool is addressed at; finally the fourth category, called Contents, refers to 
the kind of contents of the project that the tool can convey. 

Each of the four categories is divided into sub-groups as shown in Table 
2: 

Design 
Activities Representations Recipients Contents 

Co-designing Texts Stakeholders Context 

Envisioning Graphs Professionals System 

Testing & 
Prototyping 

Narratives Service Staff Offering 

Implementing Games Users Interaction 

 Models   

Table 2: Sub-groups in Service Design Tools 
 
The 36 tools are distributed into those sub-groups, and the same tool can 
appear in different groups, since they are not exclusive. 

Among the 36 tools, well-known ones like Mind Maps, Personas, 
Character Profiles, etc. can be found. 
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2.3.2.6  Robert Curedale design methods 

Robert Curedale is an Australian designer who has worked for different 
companies (Audi and Apple among them) in different countries 
(Germany, USA, etc.). 

Since 2012, Curedale has published several books that collect different 
design methods. The first two books in this line, Design Methods 1 and 
Design Methods 2, gather 400 design methods (200 for each book). 

Design Methods 1 is divided into nine chapters that define what a design 
methodology should be in Curedale’s opinion. For each stage, Curedale 
provides a set of tools that can be useful for that particular phase of the 
process. The nine stages are the following: 

• Design Thinking 

• Warming Up 

• Defining the Vision 

• Information Gathering 

• Know People and Context 

• Frame Insights 

• Explore Ideas 

• Prototype and Iterate 

• Deliver Offering 

The book also provides the reader with templates for certain tools. 

Design Methods 2 follows the same line as its predecessor, although in 
this case the number of chapters is seven, omitting Information 
Gathering and Deliver Offering. This can be confusing to designers 
expecting the same methodology as in the previous book, apart from a set 
of tools. 
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For each tool, five questions are asked in order to perfectly define it: 

• What is it? 

• Who invented it? 

• Why use this method? 

• When to use this method 

• How to use this method? 

Apart from that, Curedale proposes challenges that must be overcome 
while applying the method, he gives information on resources needed for 
carrying out the tool and provides the reader with further references to 
read. 

Although this is the most common structure in the book, some tools lack 
part of the questions and part of the other information. 

2 . 4  C u r r e n t  I R T A s  a n d  V R  d e s i g n  
m e t h o d o l o g i e s  

During Chapter 2.3, the DT methodology has been introduced and 
analysed. Furthermore, the most important sets of design tools have been 
also exposed in order to get a broad overview of the available design 
resources that were considered at the beginning of this project. 

The first and main goal of this work was studying the applicability of DT 
and those tools to the field of IRTAs and VR. In this sense, it was also 
important to analyse the current trends in the design of tools belonging to 
those disciplines. 

As mentioned in Chapter 1.1, the high importance that IRTAs and VR 
tools have gained in the recent years, has helped flourish several 
methodologies for the design of these kinds of tools. 

It was also commented that most of the existing methodologies do not 
focus their process in the user, or at least they do not do it sufficiently. 
Since it has been commented that the number of methodologies is large, 
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in this chapter, the most important ones will be mentioned and briefly 
analysed. 

2.4.1   Designing Virtual Environments For Usability 
Kulvinder Kaur as her PhD Thesis presented this methodology in 1998. 
The methodology is divided into 5 steps, none of which refers directly to 
user research. The 5 steps are: 

• Requirements specification 

• Gathering of reference material from real world objects 

• Structuring the graphical model and, sometimes, dividing it 
between designers 

• Building objects and positioning them in the VE 

• Enhancing the environment with texture, lighting, sound and 
interaction 

• Optimising the environment 

2.4.2  Handbook of Virtual Environments: Design, 
Implementation, and Applications 

Kay M. Stanney presented this handbook in 2002. 

Stanney is the president and founder of Design Interactive (Design 
Interactive, 1998), a company specialized in human-systems integration 
in fields like Human Performance Assessment and Training Systems 
Design and Evaluation. 

In this book, Stanney gathers publications from the most important 
experts in the field of VR. The book starts with a short introduction in 
which the history of VR is outlined and the standards and terminology of 
VR are exposed. After this introduction, the handbook goes on to 
thoroughly analysing five aspects of VR: 
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• System requirements (hardware, software and application 
requirements) 

• Design approaches and implementation strategies 

• Health and safety issues 

• Evaluation of VE 

• Selected application of VE 

However none of the chapters refers directly to understanding people’s 
needs and their environment in order to apply that information to the 
VE. Only during the Evaluation chapter, certain aspects are covered, like 
ergonomics and presence, but no guidelines are given in order to perform 
user research. 

2.4.3  Virtual Reality Technology 
This book, by Grigore C. Burdea and Philippe Coiffet, is one of the most 
complete publications regarding the design of VE.  

Grigore C. Burdea, PhD in Robotics, is also professor and researcher at 
Rutger University, the State University of New Jersey. 

The book covers 8 aspects of VR distributed in 9 chapters (included an 
introduction) as follows: 

• Introduction 

• Input Devices: Trackers, Navigation, and Gesture Interfaces 

• Output Devices: Graphics, Three-Dimensional Sound, and 
Haptic Displays 

• Computing architectures for VR 

• Modelling 

• VR Programming 

• Human Factors in VR 
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• Traditional VR Applications 

• Emerging Applications of VR 

Although this book is the most thorough publication regarding VR, it 
lacks information on user research aimed at designing VE. The book 
mentions the need of carrying out tests with users and the advantages of 
interviewing users, but no further guidelines are provided for 
investigating stakeholders and their environment. 

2.4.4  Designing Virtual Worlds 
Richard A. Bartle is a well-known writer, professor and game researcher 
famous for being the developer of the first VR game in 1978: the MUD1.  

In his book, Designing Virtual Worlds, Bartle provides one of the best 
tools for designing VR games, with information about history, ethics and 
guidelines for designing such VE. 

The publication is divided into 8 chapters as follows: 

• Introduction to Virtual Worlds 

• How to Make Virtual Worlds 

• Players 

• World Design 

• Life in the Virtual World 

• It’s Not a Game, It’s a… 

• Towards a Critical Aesthetic 

• Coda: Ethical Considerations 

Designing Virtual Worlds has been considered the “bible of MMORPG” 
and represents one of the best references in VR. Despite of this, among 
their considerations, the book lacks a through research into guidelines for 
investigating users’ needs and their environments. 
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2.4.5  Designing Virtual Reality Systems: The Structured 
Approach 

Gerard Jounghyun Kim is a professor of Computer Science in the 
University of Science and Technology in Pohang (POSTECH). He is a 
researcher in all kinds of aspects related to VR, like presence, and in 
other fields like computer music. 

With this book, Kim provides very interesting guidelines for people 
starting in the world of VR. It is a perfect tool for designing VE thanks to 
its engineering and mathematical approach. 

The book covers 10 different aspects of VR through its 11 chapters 
(introduction included): 

• Introduction: Virtual Reality in a Nutshell 

• Requirements Engineering and Storyboarding 

• Object and Scene Modelling 

• Putting it all Together 

• Performance Estimation and System Tuning 

• Output Display 

• Sensors and Input Processing 

• 3D Multimodal Interaction Design 

• Simulation I: Collision Detection 

• Simulation II: Physics-Based Motion and Collision Response 

• Virtual Characters 

Although being a perfect guide for the design of VE, its very technical 
approach provides no user research guidelines for understanding the 
people at whom and the environment at which the VE is aimed. 
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2.4.6  Developing Virtual Reality Applications: 
Foundations of Effective Design 

Alan B. Craig is an Associate Director and researcher of Human-
Computer Interaction at the Institute for Computing in Humanities, Arts 
and Social Science in the University o Illinois at Urbana-Champaign. His 
whole career has been dedicated to the research of the interaction 
between humans and machines, having written more books apart from 
this one. 

Developing Virtual Reality Applications consists on a series of examples 
of the latest developments in VR. Thus, the book is more a compendium 
of different possibilities of applications in VR than a technical book. 
Nonetheless, during the first two chapter of the book, Craig provides the 
reader with a good introduction to the application of VR, giving also 
different guidelines on the subject. It also addresses Augmented Reality, a 
particular evolution of VR. The book is divided into 10 chapters as 
follows: 

• Introduction to VR 

• Applying VR 

• Business and Manufacturing 

• Science Applications 

• Medical Applications 

• Education Applications 

• Public Safety and Military 

• Art 

• Entertainment Applications 

• Putting It All Together 

Again, no guidelines are provided regarding user and environment 
research for the design of VE. 
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2.4.7  Conclusions 
In the beginning of Chapter 2.4, it was mentioned that the current 
IRTAs and VR methodologies do not provide sufficient guidelines for 
analysing the user and the reality to be mirrored. 

This has been demonstrated in the subsequent analysis of the available 
methodologies, which also do not take into account the second important 
aspect in DT: business requirements. Besides, as mentioned in Chapter 
2.1.4, for the kinds of projects developed in this work, a new factor takes 
on special relevance: training needs. In fact it could be considered as the 
third important factor, instead of business needs, although in some way 
the training needs are very related to the business needs. 

However, the existing methodologies are good at exploring and studying 
the last aspect important for DT: technology. In this sense, the 
methodologies above analysed are a good complement for the work that 
is going to be exposed in this work.  
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Chapter 3 

C h a p t e r  3 :  IRTA & VR Design needs 

3 . 1  M a i n  n e e d s  w h e n  d e s i g n i n g  I R T A s  
The first step that must be taken when defining a methodology for 
designing IRTAs is analysing what are the main needs in these projects. 
Once those needs are identified, the creation of the methodology and the 
selection of the most useful tools can be done. 

The most important needs when designing IRTAs were the first thing 
that was needed at the beginning of this work. These main needs are two: 

• Mirroring reality as better as possible 

• Delivering a pleasant experience for the users 

If we analyse the first point, we see that it is not said “[...] mirror reality 
as accurately as possible” but “[...] as better as possible”. The reason for 
that is clear: not always a perfect copy of reality is needed since, for that, 
reality is available. Indeed, in many cases omitting certain aspects of 
reality is why IRTAs are designed. Such is the case of the project that will 
be analysed later in this work, a concrete-spraying simulator. Having an 
interactive tool with which learning to spray concrete, helps avoiding the 
drawbacks of real concrete-spraying. For example, the tool helps avoiding 
dangers and injuries until the operator is properly trained. 
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Apart from security reasons, IRTA & VR simulators for teaching usually 
require that not the whole reality is simulated but only the part that is 
going to be taught. This way, the trainees can focus better on properly 
learning what the pedagogical plan indicates that needs to be taught. For 
example, in a car-driving simulator in which the goal is to teach students 
how to control a car with a flat tire but not how to change that flat tire, it 
is not necessary that we simulate the real situation of changing a tire in a 
car, although it is something that could sometime happen to the trainee. 

Features that must be taken into account when trying to mirror reality 
are: 

• Reality of what is displayed in the screen 

• Range of colours used 

• Range of sounds available 

• Range of objects available in the environment 

• Range of participants 

• Ability to communicate as in real life 

• Diversity of environments 

• Real physics 

• Behaviours of characters 

• Many others 

It will be seen in Chapter 3.3 that immersion, one of VR design needs, 
has a lot to do with these requirements listed above. 

Regarding the second need, delivering a pleasant experience for the 
users, the objective is to deliver to the user an experience and interactions 
that are as similar to the real one as possible. Factors that influence this 
are: 
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• Range of movements and their similarity to the real-ones 

• Easiness of movements 

• Ability to communicate as in real-life 

• Availability of clear instructions 

• Clear representation of reality 

• Many others 

As it can be seen, one of the factors mentioned is, in fact, the first design 
need for IRTAs (good representation of reality). 

Apart from those factors, in this work is considered that the possibility of 
adapting the IRTAs to the particular characteristics of how each user 
experience reality is of key importance. 

3 . 2  M a i n  n e e d s  w h e n  d e s i g n i n g  V R  
a p p l i c a t i o n s  

As it was commented in Chapter 3.1, the needs for a project must be 
identified in order to carry out a proper selection of tools to be used and 
in order to perfectly define the methodology to follow for these projects. 

In the case of VR tools, and attending to the literature in VR and VE, 
two main concerns appear: immersion and presence. Both concepts are 
related and many times they are confused and interchanged. 
Nonetheless, each of them refers to a different reality and Presence is, 
indeed, more difficult to achieve and raises more intense discussions 
among researchers. While practitioners know exactly how to achieve 
immersion, there is not a clear explanation and agreement on how to 
deliver Presence in Virtual Reality. This work tries to provide a solid 
methodology for achieving Presence in VR. 
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3.2.1  Immersion 
Mel Slater (Slater, 2003) defines immersion this way: “Let’s reserve the 
term ‘immersion’ to stand simply for what the technology delivers from 
an objective point of view.” 

The most important part of that statement is that Slater mentions the 
word objective. This means that immersion can be objectively measured 
and controlled (Pausch et al., 1997). 

Slater also provides in his article a list of what the different types of 
immersion could be. The clearest ones are those related to the five 
human senses, but also categories regarding interaction can be found. In 
each category, some examples of possible measures can be found. 

• Visual: field of view, resolution, etc. 

• Auditory: range of sounds, fidelity of sounds, etc. 

• Tactile: level of haptic response, textures, etc. 

• Olfactory: range of smells, fidelity of smells, etc. 

• Gustation: range of tastes, fidelity of tastes and so on.  

• Interaction fidelity: range of available movements compared to 
reality, similarity of virtual and real movements, possibility to 
communicate with other entities as in the real world. 

• Display lag and system latency 

• Environment features: temperature, weather conditions, air flow, 
gravity 

It is known that good levels of these parameters helps users have a good 
experience in VE, but it is also known that not always good levels of 
immersion ensure a pleasure experience and that, even with low levels if 
immersion, sometimes people affirm having good experiences in certain 
VR tools.  
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For this reason, something apart from Immersion must be important in 
VR that makes users get caught by certain VE. 

This term is called presence. 

3.2.2  Presence 
As it has been commented at the beginning of Chapter 3.2., presence is a 
concept that is still difficult to define, measure and analyse. In fact, 
different authors provide different visions on presence (Witmer et al., 
1998) (Slater, 1999).  

Nonetheless, the most accepted vision is that presented by authors like 
Mel Slater and Wijnand IJsselsteijn. According to that literature (Slater et 
al., 1997) (Slater, 1999) (Slater, 2003) (Ijsselsteijn, 2000), three are the 
main indicators of the existence of presence: 

• The user’s sense of “being there” in the VE: This makes an 
allusion to the sensation that people usually have while immersed 
in a virtual or artificial world when they sense as if they were 
present in that environment and not in a machine or application. 

• The extent to which, while immersed in the VE, it becomes more 
real or present than everyday reality. 

• The locality, explained as to what extent the VE is thought as a 
place that was visited and not just a set of virtual images. Like if 
the user would have travelled to that place in that moment. 

Once the indicators of presence are known, the next two issues to be 
analysed are what the determinants of presence are and how to measure 
presence. Slater and other authors (Slater et al., 1993, 1995a, 1995b and 
1998) analyse several terms related to immersion that are considered to 
influence presence. The problem is that it is known that a high degree of 
immersion does not always ensure presence and that even with low levels 
of immersion, presence is possible. Thus might be the reason why Slater 
and other authors, also analyse human factors that are expected to also 
influence presence (Slater et al., 1994). Apart from the work carried out 



42 Chapter  3 :  IRTA  &  VR  Des ign  needs  

 

by Slater, other publications define four specific determinants of presence 
(IJsselsteijn et al., 2000): 

• The extent and fidelity of sensory information 

• The match between sensors and the display 

• Content factors like objects, actors, events represented in the 
medium, virtual body of the user, the autonomy of the 
environment, etc. 

• User characteristics like their perceptual, cognitive and motor 
abilities, their experience with mediated experiences, their open-
mindedness to VR. 

However, some of these terms are also closely related to immersion, and 
it has been widely explained that immersion does not always guarantee 
presence. 

In light of these, it can be inferred that there must be something, apart 
from measurable technologic parameters, that influences and determines 
if a VE delivers presence. This discussion is still open, since finding out 
and defining what those determinants are, is of special importance in 
order to design successful VR tools. Slater gives an initial response to this 
question, trying to analyse personal factors influencing presence and 
stating that ethnographic studies of people could shed light to the 
problem. 

In analysing all the information and literature above-mentioned and 
these last statements Slater does about ethnographic studies, it was 
inferred that in order to achieve presence two aspects were critical: 

• Understanding reality 

• Understanding how people experience reality 

For this last reason, part of the work presented in this document focuses 
on the application of design tools, aimed at studying users, to the design 
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of VR tools and more in particular to ensure that presence is delivered in 
those tools.
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Chapter 4 

C h a p t e r  4 :  The methodology 

4 . 1  S e t  o f  d e s i g n  t o o l s  s e l e c t e d  
During Chapter 2.2.2, it was explained that in every DT-based project, 
different tools are used in order to obtain information about users, the 
environment and to get insights that will help the subsequent design. 

In Chapter 2.3.2, six different sets of tools were exposed, analysing the 
methodology they propose, how they organize the tools, the way they 
provide the information and so on. 

For this particular work, the set of tools selected for the methodology was 
the IDEO Method Cards compilation of tools. The reasons why the 
other set of tools were not selected can be found in Table 3. 
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Compilation of methods Reasons why not selected 

101 Design Methods 
(Vijay Kumar) 

Although this book offers a wider spectrum 
of tools at first sight, not all of those design 
tools are directly related with user research 
and the compilation lacks a wider spectrum 
of activity-analysis tools. 

Stanford’s d.school 
Methods 

Due to the connection between the 
d.school in Stanford and IDEO, most of 
the tools in this compilation are similar to 
the IDEO Method Cards, being the former 
less complete than the latter. 

Design Council’s design 
Methods 

This compilation is very brief and all the 
tools are also considered in the IDEO 
Method Cards set. 

Service Design Tools 

Most of the techniques presented in this 
website are tools that are not only used in 
Service Design (both disciplines share 
similar tools). Nonetheless, the number of 
tools is small and all of them are considered 
by IDEO 

Curedale’s compilations 

Although Curedale’s compilations might 
appear to be the most complete ones (there 
are hundreds and hundreds of tools), they 
are insufficiently explained and most of 
them are very similar. Thus, the amount of 
final tools could be reduced considerably. 

Table 3: Set of tools discarded for the methodology 
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Nonetheless, the choice of the IDEO Method Cards does not exclude the 
possibility that for some particular projects, any tool from the other sets is 
used. Apart from that, most of the tools present in the IDEO Method 
Cards are also available in the rest of the sets (sometimes with different 
names) as can be seen in Table 4. 
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IDEO tool Kumar tool Curedale tool 

Secondary Research 
Popular Media Search 

Literature Review 
Publications Research 

Competitive Product 
Survey 

Competitors-
Complementor Map 

Competitive Analysis 

Long-Range Forecasts Strategy Roadmap Backcasting 

Cultural Probes Cultural Artifacts 

Cultural Probes 

Cultural Inventory 

Digital Ethnography 

Camera Journal User Picture Interview Camera Journal 

Time-Lapse Video Video Ethnography  

Character Profiles Persona Definition Personas 

Experience Prototype 

Concept Prototype 

Low-Fidelity 
Prototypes 

Paper Prototyping 
High-Fidelity 
Prototypes 

Quick-and-Dirty 
Prototyping Generative Prototype 

Scale Modelling 

Role-Playing Role-Play Ideation Role-Playing 
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Card Sort Image Sorting 
Open Card Sorting 

Closed Card Sorting 

Rapid Ethnography Field Activity 
Digital Ethnography 

Mobile Ethnography 

Extreme Users 
Interview 

Remote Research 

Interview Methods 

Surveys & 
Questionnaires 

wwwwwh 

Behavioural 
Archaeology 

POEMS 

Observation 

Personal Inventory Personal Inventory 

Social Network 
Mapping 

Actors Map 

A Day in the Life A Day in the Life 

Behavioural Mapping Behavioural Map 

Flow Analysis 
Customer Experience 
Map 

Cognitive Maps POEMS 

Activity Analysis Activity Network Activity Map 

Table 4: Table of equivalences between sets of tools 
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However, the reasons why the IDEO Method Cards were the selected 
tools for this project are the following: 

• Total number of tools is sufficient and manageable 

• Variety of the information provided 

• Easy of access to the tools 

• Easy of access to the information of the tools 

• Level of explanation of the tools 

From the 51 tools, the most appropriate ones were analysed and selected 
according to the needs of IRTAs and VR Tools 

For this purpose, the 51 tools were tagged to facilitate the subsequent 
selection. The tags were based on the characteristics of the tool and 
especially on the information they provided. In total, 71 tags were created 
which can be seen, classified by alphabetical order, through the tables 
from Table 5 to Table 10. 

Once the tools were tagged, the selection was carried out comparing the 
needs of each kind of project (IRTAs and VR) to the tags available.  

Analysing the tags, what was first done was discard those tools that 
provided no useful information for IRTAs or VR projects. Then, the 
tools which information was considered to not be useful for every project 
in those fields but only in certain ones were also discarded.  

At the end, the result was a set of tools that could provide information for 
those two fields. Nonetheless, the set was too large and many tools 
provided similar information. Therefore, the tools that provided wider 
information were selected, and the remaining ones were considered as 
supplementary tools.
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A B C D 

actions behaviour competition design elements 

activity benchmark collage decision points 

activity analysis  concepts day 

analysis  
cultural 
differences diary 

archetypes   draw 

ask   
design 
principles 

associate    

Table 5: List of tags from A to D 
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E F G H 

engage functions  history 

experience    

explore    

evaluate    

errors    

extreme users    

Table 6: List of tags from E to H 
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I J K L 

interact  know people list 

images  know reality lifestyles 

inspiration    

information    

interactions    

Table 7: List of tags from I to L 
 

M N O P 

measure notes objects profiles 

movement  organization places 

mistakes  observe placement 

   photo 

   phone 

   prototype 

   predict 

   publications 

Table 8: List of tags from M to P 



54 Chapter  4 :  The  m ethodo logy  

 

 

Q R S T 

questionnaires research stakeholders task 

 roles sensory inputs test 

 record space trends 

 real time scenario try it yourself 

  state of the art  

  
social 
relationships 

 

  surveys  

  storytelling  

Table 9: List of tags from Q to T 
 

U V W X Y Z 

usability video wear    

Table 10: List of tags from U to Z 
 
The list of IDEO Method Cards tagged can be found in Appendix B at 
the end of this document. 
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4 . 2  D T  m e t h o d o l o g y  f o r  I R T A s  
Having analysed the existent design needs for IRTAs, the next step is to 
select the most appropriate tools that can satisfy those needs. The tools, 
as explained in Chapter 3.1, are chosen from the IDEO Method Card set 
of 51 tools. 

The selection of tools was helped by the tagging of the 51 tools carried 
out prior to select them. 

4.2.1  Tools selected 
From the fifty-one tools available, only eleven were the final ones selected 
for the methodology defined in this work. These tools can be seen in 
Figure 6 and Figure 7. 
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Figure 6: 6 of the 11 tools selected for the IRTAs methodology. 
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Figure 7: 5 remaining tools selected for the IRTAs methodology 
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Other sixteen tools were discarded because of their similarities to the ones 
selected or because the information provided by them could be also 
provided by another tool that had more interest for the methodology. 
These 16 tools are the following: 

• Scenario Testing 

• Cognitive Task Analysis 

• Flow Analysis 

• Draw the Experience 

• Character Profiles 

• Role-Playing 

• Scenarios 

• A Day in the Life 

• Still-Photo Survey 

• Personal Inventory 

• Cross-Cultural Comparisons 

• Shadowing 

• Card Sort 

• Foreign Correspondents 

• Guided Tours 

• Five Whys? 

 
In Table 11 it is shown how these16 tools are related to the 11 tools 
selected for this work. 
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Tool selected Complementary tools 

Error Analysis Scenario Testing 

Activity Analysis Cognitive Task Analysis 

 Flow Analysis 

 Draw the Experience 

Social Network Mapping Character Profiles 

 Role Playing 

 Scenarios 

Fly on the Wall A Day in the Life 

 Still-Photo Survey 

Behavioural Archaeology Personal Inventory 

Rapid Ethnography Cross-Cultural Comparisons 

 Shadowing 

 A Day in the Life 

 Still-Photo Survey 

 Card Sort 

 Foreign Correspondents 

Behavioural Mapping Guided Tours 

Cognitive Maps Guided Tours 

Surveys & Questionnaires Five Whys? 

Narration  

Try It Yourself  
Table 11: Relationship between selected and supplementary tools. 
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A group of another nine tools where left out from the methodology. 
Their use could be justified in certain projects, but they were not 
considered as general tools that could be applied in every IRTAs project. 
These tools are the following: 

• Secondary Research 

• Competitive Product Survey 

• Historical Analysis 

• Long Range Forecasts 

• Paper Prototyping 

• Experience Prototype 

• Quick & Dirty Prototyping 

• Informance 

• Scale Modelling 

Lastly, there were fifteen other tools that were left out of the methodology 
since it was considered that they were inappropriate for the design of 
IRTAs or because their use was too laborious for the information and 
help they could provide in return. These tools are: 

• Anthropometric Analysis 

• Affinity Diagrams 

• Collage 

• Conceptual Landscape 

• Extreme User Interviews 

• Unfocus Group 

• Word-concept Association 

• Be Your Customer 
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• Bodystorming 

• Empathy Tools 

• Predict Next Year’s Headlines 

• Time-Lapse Video 

• Camera Journal 

• Cultural Probes 

• Behaviour Sampling 

A description of the tools used can be found in the following chapters. In 
the description, the name of the tool, how it is applied and the kind of 
information it provides is explained. Apart from that, the supplementary 
tools are listed. These tools are part of the sixteen ones discarded due to 
their similarities with the selected ones. 

4.2.1.1  Activity Analysis 

Activity Analysis helps designers identify all the tasks, actions, steps to be 
taken, and all the objects in a process. It is very useful when used in 
conjunction with ‘Error Analysis’ (next tool) since once every element of 
the process is identified and the whole activity is divided into smaller 
entities using ‘Activity Analysis’, it becomes much easier to identify every 
possible error and malfunction during each step. 

Use in IRTAs 

‘Activity Analysis’ is applied both in the reality mirrored and in the IRTA 
itself in order to split both activities into smaller and easier to handle 
entities. This way, a larg problem is split into smaller problems that can 
be subsequently analysed one by one. 

How to apply 

The most common and best way to apply ‘Activity Analysis’ is through a 
time-line. Drawing a big line in a piece of paper and going step by step in 
what is being split (the activity or the IRTA itself) ensures that nothing is 
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left outside. Once the time-line is complete, the next step can be 
identifying the actions that take place in each part, the objects and people 
involved, etc. 

Results to be obtained 

The ideal outcome from this tool would be a clear timeline in which all 
the steps, tasks, stakeholders, etc. that take place and part throughout the 
activity are outlined. 

Supplementary tools 

Cognitive Task Analysis, Flow Analysis, Draw the Experience 
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4.2.1.2  Error Analysis 

Use in IRTAs 

This tool helps the team in charge of the design identify every possible 
error in the activity and in the IRTA. When using ‘Error Analysis’ in the 
activity to be mirrored, errors that need to be simulated are found 
because trainees have to learn about them. Other times, errors are 
avoided for different reasons (safety reasons, budget reasons, etc.). For 
example, if a cooking simulation IRTA were to be designed, an error that 
should be mirrored would be burning the food; however, cutting oneself 
with a knife could be an error to be omitted. 

How to apply 

The ‘Error Analysis’ is performed both with the activity under 
consideration in the project and with the IRTAs itself. The best way to 
proceed with the analysis of all the possible errors, malfunctioning, etc. is 
to perform an analysis of the activity or the IRTA using ‘Activity 
Analysis’. Once they are divided into smaller entities, it is much easier to 
detect the errors for each of these entities and thus find the existing ones 
for the whole activity and the IRTA. 

Results to be obtained 

As mentioned above, the ‘Error Analysis’ is best performed after an 
‘Activity Analysis’. In this sense, completing the ‘Activity Analysis’ writing 
down the possible errors or gathering them in a different document is a 
good way to proceed.  

Supplementary tools 

Scenario testing  
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4.2.1.3  Social Network Mapping 

Use in IRTAs 

This technique allows designers to identify the different roles in the 
process; that is, the different jobs, characteristics and responsibilities of 
each person involved. A common identification is the different labour 
status in a company. 

How to apply 

In many cases, this information is provided by the entity that requests the 
project. If not, during the observation of the activity, a table can be 
designed in which the design team takes notes on the different 
characteristics of the people involved in the activity, with data regarding 
kind of activity performed, time spent in the activity, the different 
condition in which every person develops their activity, etc. 

Results to be obtained 

A clear dossier in which all the roles present in the activity are outlined is 
a preferred result of this tool. In the same way, a document that can be 
easily checked and that is more graphical than a simple dossier is 
favoured. 

Supplementary tools 

Character Profiles, Role-Playing, Scenarios 
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4.2.1.4 Fly on the Wall 

Use in IRTAs 

The information that this tool provides is related to how people behave 
while performing the activity that is being analysed. Designers gather the 
information through observation, though they must be as unobtrusive as 
possible to avoid bias or expectancy effects (Krejcie et al., 2011) 

How to apply 

The most difficult part of applying every user observation tool is to get 
permission to do it and to find the correct time for it. Also, and that is the 
case of this tool, being as unnoticed as possible to avoid people changing 
behaviours it is sometimes hard to achieve. Once those things are 
obtained, the easiest part is to record the observation. For that purpose, 
using means like a photo or video camera, notebooks or electronic 
devices is a good way to proceed. 

Results to be obtained 

The ideal result of the application of this tool is a broad analysis of user’s 
needs, requirements, behaviours, etc. The way to present them can be as 
a dossier, but a more graphical and easy to consult document is 
preferred. 

Supplementary tools 

A Day in the Life, Still-Photo Survey 
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4.2.1.5 Rapid Ethnography 

Use in IRTAs 

Similar to ‘Fly on the Wall’, with this tool, information can be obtained 
directly from people involved in the activity. In opposition to ‘Fly on the 
Wall’, there is no need to be unobtrusive. Indeed, with ‘Rapid 
Ethnography’ the intention is to empathize with the user and have them 
explain their activity while engaged in it. 

How to apply 

‘Rapid Ethnography’ is a tool very similar to ‘Fly on the Wall’, although 
in this case, the design teams saves itself the trouble of being unobtrusive. 
The reason is that, in this case, the observation is done in continuous co-
operation and cooperation with the people being observed. Instead of 
being outside observers, we learn from what the people tell us while 
engaged in their activity or in the IRTA (in the case that they are testing 
the application).  

Results to be obtained 

The result of the application of this tool is the same as in ‘Fly on the 
Wall’: a broad analysis of user’s needs, requirements, behaviours, etc. 
The way to present them is also the same (a dossier, preferably a 
graphical and easy to consult one). 

Supplementary tools 

Cross-Cultural Comparisons, Shadowing, A Day in the Life, Still-Photo 
Survey, Card Sort, Foreign Correspondent 
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4.2.1.6 Behavioural archaeology 

Use in IRTAs 

Thanks to this tool, the design team gets to know how people organize 
the space where the activity takes place, what they have to wear, how 
they use and organize objects and so on. 

How to apply 

This tool is another observation tool and can be applied in the same way 
as ‘Fly on the Wall’ or ‘Rapid Ethnography’. In order to record the 
observation, the same tools are also used. Things that must be observed 
are: size of the space, arrangement of the objects, how people interact 
with them, different clothes that people must wear and others that they 
wear in order to facilitate the activity, etc. 

Results to be obtained 

As with ‘Fly on the Wall’ and ‘Rapid Ethnography’, the result is a dossier 
with information about users. In this case, the information is related to 
the aspects analysed with this tool (organization of the space, clothing, 
etc.). A more graphical and easy to consult document is favoured. 

Supplementary tools 

Personal Inventory 
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4.2.1.7 Behavioural Mapping 

Use in IRTAs 

With this tool designers analyse how people use the space in which the 
activity takes place (how they position themselves, which areas are most 
used, and so on). 

How to apply 

As another observation tool in which the design team needs to be as 
unobtrusive as possible, the same procedure applies as in ‘Fly on the 
Wall’ and the same tools can be used in order to record the information.  

In this case, the information that has to be recorded has to do with those 
aspects mentioned above: the position of the users in the space (seated, 
standing up, position of their body parts), the most used areas of the 
environment where the activity takes place (location of those areas, why 
are they more used, what is done in them, etc.) 

Results to be obtained 

The results are the same as with the previous 3 tools: a dossier of user 
observation. In this case, information about location of users and use of 
different areas is recorded in a dossier that must be as graphical and easy 
to consult as possible. 

Supplementary tools 

Guided tours 
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4.2.1.8 Cognitive Maps 

Use in IRTAs 

This tool is similar to ‘Behavioural Mapping’. In this case, however, 
instead of simply observing, the design team asks the people involved in 
the activity to show them their vision of the space in which they develop 
their activity. Also the people explain how they move in that space and 
the way they navigate it. 

How to apply 

This tool is to ‘Behavioural Mapping’ what ‘Rapid Ethnography’ is to 
‘Fly on the Wall’. The information obtained is the same as in 
‘Behavioural Mapping’, but the difference is that, in this case, the design 
team must interact and empathize with the people in the activity and 
extract information from them regarding the topics above listed (position 
of users in the activity, most used areas, etc.). 

Results to be obtained 

The same kinds of results as with the previous tool, ‘Behavioural 
Mapping’, are needed. 

Supplementary tools 

Guided tours 
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4.2.1.9 Surveys & Questionnaires 

Use in IRTAs 

Surveys and questionnaires are widely used in design and research and 
are the most typical user-centred design tool. They can be applied in 
many stages of the design process to quickly obtain information useful for 
the design. 

How to apply 

When working with surveys and questionnaires it is important to know 
that there are many advantages but also several disadvantages that need 
to be known. The main advantage of surveys and questionnaires is that 
great amounts of information can be collected without an enormous 
effort. That is even clearer now that Internet tools ease the work. 

However, several disadvantages exist and proceeding with care is 
necessary. First, the number of interviewees has to reach a minimum 
(Bartlett et al., 2011) (Creative Research Systems, 2011) (Sax et al., 2011). 
Secondly, bias can appear while interviewing people, and there are ways 
to avoid it (Armstrong et al., 1977) (Furnham, 1977) (Paulhus, 1991) 
(Randall et al., 1991). 

Results to be obtained 

While using ‘Surveys & Questionnaires’, the typical result is a great 
amount of statistical information about the people that has been 
researched. In this sense, different kinds of tables and diagrams are good 
results of the application of this tool, especially the latter since they are 
more graphical and direct. Besides, the questions themselves are part of 
the result. 

Supplementary tools 

Five Whys? 
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4.2.1.10 Narration 

Use in IRTAs 

A good way of obtaining information from users is through them 
narrating their experience both in the activity and during the tests with 
the IRTA. The kind of information obtained with this tool is varied: get 
to know the activity, how users experience it, how they perceive the 
IRTA in every moment of the design process (final version or prototypes), 
etc. 

How to apply 

While doing user research in context or while trying the prototypes or 
final version of the IRTA, ask the people to narrate their experience in 
real time and also pay attention to their spontaneous reactions, sounds 
they might do, facial expressions and so on. 

Results to be obtained 

The common results of the application of ‘Narration’ are short sentences 
or stories obtained from listening to users. The observer must then decide 
which of those insights are interesting for the future design. In many 
cases, those observations are gathered in a document and sometimes 
written in a big mural so as they are continuously available and in the 
memory of the design team. 

Supplementary tools 

- 
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4.2.1.11 Try it Yourself 

Use in IRTAs 

The final tool in the set of eleven tools selected is ‘Try it yourself’, which 
provides information about the activity and the IRTA that cannot be 
seen only studying them or observing or asking the users. Having the 
design team experiencing them themselves, little details can be obtained 
that will ensure the acceptance of the final version of the IRTA. 

How to apply 

Have the design team try the activity under consideration in the project. 
Also try the prototype versions and the final version of the IRTA in order 
to detect possible flaws and improvements. 

Results to be obtained 

It is very common among design teams to try to keep in their memories 
everything they have experienced while using ‘Try it Yourself’. The 
problem with that behaviour is that, in many cases, a lot of information is 
missed. In this sense, it is interesting to record the information in the 
same way as with the observation tools explained before (‘Fly on the 
Wall’, ‘Rapid Ethnography’, and so on), as if the designers were people 
that was being observed. 

Supplementary tools 

- 
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4.2.2  Methodology 
In the previous chapter, we have explained which tools were selected for 
the DT methodology aimed at IRTAs. These tools are applied following 
the DT methodology and so they are scattered across the different stages 
of it. In this chapter, it will be explained which tools are applied in each 
stage (Figure 8). 

 
Figure 8: Tools used in each stage of the IRTAs methodology 

4.2.2.1  Define 

As it was explained in Chapter 2.1.1, in this stage the project is 
completely defined. This is usually done by the entity that requests the 
project, but sometimes it is the design team itself the responsible for doing 
that. 

During this stage, no tools are needed. The people in charge define what 
they want to have designed and translate it into a brief. 

4.2.2.2  Explore 

In Chapter 2.1.2 it was explained that during this stage the design team 
gets to know all the stakeholders involved in a project and specially the 
future users of it. 

Also, the design team gets to know the environment in which the activity 
that is being mirrored takes place 

The information obtained during this stage will be of special importance 
for the future generation of ideas since it will provide the necessary 
insights for the future concepts that emerge. 
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Since the main purpose is to know the stakeholders involved (specially the 
users) and the environment, the following tools can give interesting 
information and therefore should be applied during this stage: 

• Activity Analysis (divide the activity into smaller entities) 

• Error Analysis 

• Fly on the Wall 

• Rapid Ethnography 

• Social Network Mapping 

• Behavioural Mapping 

• Behavioural Archaeology 

• Cognitive Maps 

• Surveys & Questionnaires 

As it can be seen, almost all the tools can be applied during this stage. 
Only ‘Narration’ and ‘Try it Yourself’ were not specified here, although 
they could also be applied. However, they prove more useful during other 
stages of the methodology. 

4.2.2.3  Ideate 

During this stage, the goal is to generate as many ideas as possible for the 
future definition of the final concept. In this sense, brainstorming and 
other idea generation tools are of special importance (see Chapter 2.1.3). 

Nonetheless, some of the tools selected for the methodology are also 
especially useful here. In this sense, all the tools used during the Explore 
stage could be considered to have an impact here, since something that 
cannot be forgotten during the Ideate part of the methodology is that to 
proceed with a good generation of ideas, the information from the 
Explore stage must be reviewed and placed in a visible location. 
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In light of this, all the tools applied during the Explore stage are also 
applied during idea generation, but there is another tool that applied in 
this stage helps the team come up with interesting insights: 

• Try it yourself 

4.2.2.4  Prototype 

As it was seen in Chapter 2.1.4, DT promotes continuous prototyping. 
Apart from this, early prototyping in software design is highly 
recommended in order to provide users with a tool for identifying their 
needs and to make them part of the process (Ratcliff, 1988). According to 
DT recommendations, prototyping does not necessary mean only 
creating full working and high-fidelity prototypes, but also quick and low-
fidelity ones. 

However, we consider that for the design of IRTAs, the best way to 
proceed is to follow an evolutionary approach (Gilb, 1981) (Hekmatpour, 
1987) (Carter et al., 2001). The evolutionary approach encourages the 
design team to start developing the IRTA from the beginning of the 
project so that it becomes the prototype itself. 

The tools that provide useful information for the prototyping stage are: 

• Activity Analysis (applied in this case to analyse the IRTA) 

• Error Analysis 

• Narration 

• Surveys & Questionnaires 

4.2.2.5  Select 

For this stage of the methodology, no tool from the selected set of eleven 
is directly used.  

Nonetheless, the information obtained from those tools during their 
application in the previous stages of the design process has to be 
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reviewed. Then, the tools specified in Chapter 2.1.5 are applied to 
proceed with the selection of ideas. 

4.2.2.6  Implement 

It has been commented early in this chapter that the prototyping 
methodology preferred for IRTAs is the evolutionary approach in which 
the prototype becomes the IRTA itself. 

In this sense, the implementation stage of the DT methodology begins in 
the very moment the team starts prototyping, early at the beginning of 
the project. For this reason, the same tools than for the Prototype stage 
are applied here since, in reality, Implement and Prototype merge in one 
and only stage. These are: 

• Activity Analysis 

• Error Analysis 

• Narration 

• Surveys & Questionnaires 

4.2.2.7  Review 

This stage was explained in Chapter 2.1.7 and reminds the design team 
that the project is not finished once it is implemented. Instead, the team, 
or other people in charge of this, must review how the final product is 
accepted and look for improvements or new areas of innovation. 

This constant revision is similar to that carried out while prototyping the 
IRTA, and that is the reason why part of the tools used during the 
Prototype stage are also necessary here. 

Apart from them, some of the tools used during the Explore phase of the 
project can also be used here since the product is out in the market and is 
now a new activity that users can be part of. 
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These tools are: 

• Fly on the Wall 

• Rapid Ethnography 

• Narration 

• Surveys & Questionnaires 

• Try it Yourself 

4 . 3  D T  m e t h o d o l o g y  f o r  V R  t o o l s  

4.3.1  Tools selected 
For the particular case of VR, we saw that the two important aspects to 
be taken into account are immersion and presence. 

Analysing the information and literature available for immersion and 
presence, it was seen that immersion was a simple matter of technology 
available and the possibility to apply that technology due to different 
reasons (budget among others). For that reason, the focus was on 
presence. As it was explained in Chapter 3.3.2, after studying presence 
and all the information available on it, two conclusions were draw 
regarding important aspects necessary to achieve presence 

• Understanding reality 

• Understanding how people experience reality 

The selection of tools was carried out taking those two parameters into 
consideration. 

Of the fifty-one tools available, fourteen tools were selected. From these 
fourteen, ten are also present in the IRTAs selection of tools. This can be 
explained thanks to the similarities between the needs of both of them. 
The ten tools that are also present in the IRTAs methodology are: 
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• Activity Analysis 

• Error Analysis 

• Social Network Mapping 

• Fly on the Wall 

• Rapid Ethnography 

• Behavioural Archaeology 

• Cognitive Maps 

• Surveys & Questionnaires 

• Narration 

• Try it Yourself 

The only tool from the IRTAs methodology that was not considered here 
was ‘Behavioural Mapping’. Figure 9, Figure 10 and Figure 11 show the 
14 tools selected: 
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Figure 9: 5 of the 14 tools selected for the VR tools methodology 
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Figure 10: 5 of the 14 tools selected for the VR tools methodology 
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Figure 11: 4 remaining tools selected for the VR tools methodology 
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The new four tools are explained in the following chapters. 

4.3.1.1  Personal Inventory 

Use in VR 

This tool aims at finding objects that are important for people while 
performing an activity. These objects are things that are not expected to 
be seen there but for a particular reason are used by many people and 
though become an important object for the users to carry out that 
activity. A good example of this could be the use of certain wood bead 
seat covers in cars. Aesthetics apart, these objects are useful for some 
people to be comfortable in the car, meaning that some car seats might 
be uncomfortable. 

How to apply 

Being this tool one which information is the result of user observation, it 
can be applied at the same time as other tools like ‘Fly on the Wall’ or 
‘Rapid Ethnography’ and in the same way like them as it was explained 
in Chapter 4.2.1. 

Results to be obtained 

This tool is another observation tool, and in this sense the preferred result 
to be obtained is the same as in the observation tools explained in 
Chapter 4.2.1. (although what is observed is different as explained above). 
Since the amount of information obtained usually with this tool is not 
large, the best way to proceed is to add it to a previous dossier from 
another observation tool. 

Supplementary tools 

- 
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4.3.1.2 Cognitive Task Analysis 

Use in VR 

The goal of this tool is to identify all the sensory information, every 
sensory input and task that takes place during the activity. In the IRTAs 
methodology, this tool was considered as a supplementary tool for 
‘Activity Analysis’ but the particularities of VR in which users get 
completely involved in a VE, make necessary to emphasize the search of 
sensory information and inputs. 

How to apply 

The best way to apply this tool is to do it once the ‘Activity Analysis’ has 
been carried out. Then, once the whole activity has been split into 
smaller entities, identifying the information for ‘Cognitive Task Analysis’ 
becomes much simpler. 

Results to be obtained 

As with ‘Error Analysis’ (Chapter 4.2.1), two ways to proceed are 
possible. The first one is adding the information obtained from the 
application of ‘Cognitive Task Analysis’ to the timeline generated while 
applying ‘Activity Analysis’. The second one is creating a whole new 
dossier for the information obtained in this tool in order to avoid having 
an overloaded document. 

Supplementary tools 

Draw the experience 
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4.3.1.3 Flow Analysis 

Use in VR 

With ‘Flow Analysis’, the design team represents all the information that 
appears through the activity and also how this information is presented to 
the user: not only by what sense is the information received (visual 
information, hearing information, etc.) but also in which format (posters, 
signs, male or female voices, etc.) and characteristics of the information 
(colour, volume and so on). 

In the IRTAs methodology this tool was also considered a supplementary 
tool to ‘Activity Analysis’, but it has been included here for the same 
reasons that made ‘Cognitive Task Analysis’ be included. 

How to apply 

The tool can be applied in the same way than ‘Cognitive Task Analysis’, 
after ‘Activity Analysis’ has been performed. 

Results to be obtained 

The way to proceed is the same as with the previous tool, ‘Cognitive Task 
Analysis’. 

Supplementary tools 

Draw the Experience 
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4.3.1.4 Anthropometrical Analysis 

Use in VR 

The aim of this tool is to analyse the physical parameters of the people 
involved in an activity. In a VE, several things make necessary an analysis 
of anthropometrical data (the position of the markers, the human 
representation of the body, etc.). 

How to apply 

Many different databases exist with anthropometrical information 
available for all purposes. 

Results to be obtained 

The usual result of the application of this tool is a document in which 
information about different profiles of users are available. For example, a 
document could be generated with specific information for people based 
on features like height, weight, etc. In the particular case of this work, one 
of the projects analysed is a gardening simulator for people with 
disabilities. In this sense, different documents were generated with 
different specifications based on the disabilities that those users have. 

Supplementary tools 

- 
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As it was mentioned above, the selection of tools was carried out taking 
into account the two parameters that were identified to be important for 
achieving presence. Shows which of the two parameters each tool helps 
get information about: 
 

Tool 
Helps 

understanding 
reality? 

Helps 
understanding how 
people experience 

reality? 

Activity Analysis ✓  

Error Analysis ✓ ✓ 

Social Network 
Mapping  ✓ 

Fly on the Wall ✓ ✓ 

Rapid Ethnography ✓ ✓ 

Behavioural 
Archaeology ✓ ✓ 

Cognitive Maps  ✓ 

Surveys & 
Questionnaires  ✓ 

Narration  ✓ 

Try it Yourself ✓ ✓ 

Personal Inventory  ✓ 

Cognitive Task 
Analysis ✓  

Flow Analysis ✓  

Anthropometrical 
Analysis  ✓ 

Table 12: Important parameters for presence analysed by each tool 
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As it can be seen, there is a bigger number of tools aimed at 
understanding the user (11 out of 14 tools), as it has been stated before to 
be the most representative part of a DT methodology and, more 
important, key for achieving presence. 

4.3.2  Tools in the methodology 
Comparing the tools selected for the VR methodology and the ones 
selected for the IRTAs methodology, it has been seen that four extra tools 
were selected for the VR methodology and that one of the eleven tools 
selected for the IRTAs was not included in VR. 

Now, as for the IRTAs methodology, it is necessary to point out when 
these tools are applied, that is, in which stage of the DT methodology. 
For the ten tools that coincide in the two methodologies, the application 
of those tools is exactly the same for both cases. Where the 4 new tools 
are applied is defined next, in Table 13. 
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Tool 
Stages where it 
is applied 

Why it is applied there 

Personal Inventory Explore 

The information this tool 
provide is about how the user 
experience the activity, so the 
tool has to be applied early in 
the process when the team is 
getting to know the user and 
the activity 

Cognitive Task 
Analysis 

Explore 

The design team needs to get, 
early in the process, the 
information about the sensory 
information and inputs that the 
user receives during the 
activity. 

As in the case of the IRTAs 
methodology, these two stages 
merge into one due to the 
evolutionary prototyping 
approach (Chapter 4.1.2) The 
application of this tool during 
these stages is necessary to 
mirror the sensory data in the 
final VR tool. 

Prototype 

Implement 
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Flow Analysis 

Explore The reasons why ‘Flow 
Analysis’ is applied during the 
Explore, Prototype and 
Implement stages are the same 
as that for the previous tool, 
‘Cognitive Task Analysis’. 

Prototype 

Implement 

Anthropometrical 
Analysis 

Explore 
The reasons why 
‘Anthropometrical Analysis’ is 
applied during the Explore, 
Prototype and Implement 
stages are the same as that for 
the previous two tools, 
‘Cognitive Task Analysis’ and 
‘Flow Analysis’. 

Due to the importance of 
anthropometrical measures in 
VE because of the different 
devices necessary to create the 
VR tool (headset, markers, etc.) 
and the objects present in the 
tool (real objects used to 
simulate reality), it is important 
to review that these devices and 
objects have the correct sizes 
and ergonomics for the VR 
tool’s users. 

Prototype 

Implement 

Review 

Table 13: Four new tools included in the VR Methodology 
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In light of this, for the particular case of the VR Methodology, the 
distribution of tools across the seven stages of DT remain the way it can 
be seen in Figure 12. 

 
Figure 12: Tools used in each stage of the VR tools methodology 

 
Nonetheless, when exposing the results of the application of these tools in 
the project developed in this work, the 7 steps of DT will not be followed. 
Instead, the results of the tools will be presented according to the 
information they provide regarding the two needs identified for VR: 

• Understanding reality 

• Understanding how people experience reality 

This information will be presented in Chapter 5.2. 

4.3.3  Prototyping in VR 
With this Chapter, the intention is to clarify a small aspect regarding the 
Prototype stage in VR tools. 

In this work, an evolutionary approach is recommended also for VR 
prototyping. It has been explained that in an evolutionary prototyping 
approach, the final product becomes the prototype itself and it is 
improved through all the stages of the process.  

Nonetheless, in Chapter 2.2.4, it was also explained that DT promotes all 
levels of prototyping (from low to high-fidelity). In the particular case of 
VE it is very common and useful to prototype certain concepts and also 
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objects that are going to be part of the VE. For that reason, apart from 
the evolutionary approach, quick prototypes are very useful in VR. 
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Chapter 5 

C h a p t e r  5 :  Applicat ion of  the 
methodology 

5 . 1  I R T A s  m e t h o d o l o g y  a p p l i e d  t o  a  
c o n c r e t e - s p r a y i n g  s i m u l a t o r  

So far, this work has shown the history of DT, how the DT methodology 
is implemented, the needs when designing IRTAs and VR tools, and the 
most useful design tools that can help overcome those needs. In this 
sense, the methodology is ready to be applied to both IRTAs and VR 
tools projects. 

In this chapter, this work will focus on the application of the methodology 
and the tools intended for IRTAs. The chosen project was the design of a 
concrete-spraying learning application requested by Fundación Santa 
Bárbara in Spain. This application is aimed at teaching future operators 
that will work building tunnels and slopes in highways. It simulates all the 
tasks involved in effectively and safely spraying shotcrete and was 
developed in continuous collaboration with Fundación Santa Bárbara. 

The seven steps of DT were carried out and all the tools were applied. It 
is necessary to say that this work was a post-analysis of the tool. The 
design of it had already started and this work was carried out thereafter in 
order to validate and improve the tool. Besides, another main goal was to 
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evaluate the user requirements and whether they were being fulfilled. 
The information obtained will be explained in the following chapters. 

5.1.1  Define 
It has been explained in Chapter 2.2.1 that during this stage, the project 
is defined. 

In the case of this project, FSB provided the brief in which they had 
specified all the requirements of the project. 

5.1.2  Explore 
As stated in Chapter 4.2.2, during this stage, nine tools are applied. 

In this work all of them were applied and the information obtained is 
explained next. 

5.1.2.1  Activity Analysis 

This tool was carried out with the help of FSB and the observation 
sessions helped tune it. The design team divided the whole concrete-
spraying activity into smaller entities (tasks, steps to be taken, etc.). They 
also identified the devices involved in each step and thoroughly analysed 
their functioning 

5.1.2.2  Error Analysis 

The analysis of every error (machine or human) & malfunctioning that 
could appear in the concrete-spraying activity was provided by FSB and 
their experience. They provided the design team with a complete dossier 
containing all the possible breakdowns and incidences. 

5.1.2.3  Fly on the Wall 

Several sessions were set in order to observe actual operators in real 
situations so as to obtain additional information about the concrete-
spraying activity. During some of these sessions, as ‘Fly on the Wall’ 
requires, the team tried to be as unobtrusive as possible with the people at 
work. 
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5.1.2.4  Rapid Ethnography 

During the rest of the observation sessions, the design team engaged in 
conversations with FSB operators. They were open to explaining how the 
machine works, how it is handled, how they perform their daily activity, 
etc. All the information was recorded using notebooks and photo and 
video cameras. 

Different moments of the observation carried out during the application 
of ‘Fly on the Wall’ and ‘Rapid Ethnography’ are shown from Figure 13 
to Figure 16.  
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Figure 13: Machine movement observation 
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Figure 14: Machine spraying 
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Figure 15: One of FSB's workers operating the machine 
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Figure 16: Operator cleaning the machine 
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5.1.2.5  Social Network Mapping 

During this exploration, no different job status or roles were found. 
Nonetheless, it was found necessary to set different levels of learning for 
the future applications. That way, trainees gained new skills step by step 
and training was progressive. 

5.1.2.6  Behavioural Mapping & Cognitive Maps 

Both tools were used at once. Thanks to them, the design team learned 
about the possible scenarios in concrete spraying. The possible scenarios 
were two: concrete-spraying in highway tunnels and concrete-spraying in 
highway slopes. Furthermore, when working in tunnels, three sub-
scenarios were possible depending on how the tunnel was being 
excavated. 

Apart from learning about the scenarios that appear in the activity, the 
team learned about how the workers have to position during the activity. 
They learned that operators must stay behind the concrete-spraying 
machine in every moment, as it is shown in Figure 17. 
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Figure 17: Position of the workers during the concrete-spraying activity 
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5.1.2.7  Behavioural Archaeology 

The most important information obtained during the application of 
‘Behavioural Archaeology’ was that due to the dirty and dusty 
environment existing while concrete-spraying, special protection must be 
worn and no other objects, apart from the machine controls, can be used. 

5.1.2.8  Surveys & Questionnaires 

During the observation sessions, the design team conducted several 
interviews with operators to learn about how they use the machine, about 
their work and the environment in which they develop their activity. 

5.1.3  Ideate || IRTAs project 
During the Ideate stage of the DT methodology, one tool is applied. 

5.1.3.1  Try it  yourself 

People on the design team were able to test the machines that FSB uses in 
their projects. Thus, they learned first-hand how to operate them and 
how to use them to obtain perfect results while spraying. 

5.1.4  Prototype 
It has been explained that in this stage of the DT methodology, 4 tools 
were selected for the design of IRTAs. 

In this project, three out of the four tools were applied, since the last one, 
‘Surveys & Questionnaires’ was only applied once the project was 
finished in the Review stage. 

5.1.4.1  Activity Analysis 

The information from the application of this tool during the Explore 
stage was reviewed and it was adapted to become a diagram of how the 
IRTA had to be designed. 
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5.1.4.2  Error Analysis 

Following the evolutionary approach that was explained earlier in this 
book, different betas of the IRTA were shown to FSB and the team tested 
the tool to identify all the possible errors within it. In addition, these test 
helped FSB and the team identify not only improvements for the tool but 
also certain aspects that the design team and FSB had missed to include. 

5.1.4.3  Narration 

During the tests of the different betas of the concrete-spraying IRTA, 
users were encouraged to narrate their experience in real-time. The team 
also paid special attention to users reactions and sounds while engaged in 
the use of the IRTA. All the information was recorded using notebooks 
and photo and video cameras. 

5.1.4.4  Surveys & Questionnaires 

As above-mentioned, Surveys & Questionnaires were not applied here, 
but only when the final version of the concrete-spraying IRTA was 
delivered. 

5.1.5  Select 
As explained in Chapter 4.2.2, no tools are used in this stage. 

5.1.6  Implement 
It was explained, also in Chapter 4.2.2, that due to the evolutionary 
character of the Prototype stage of DT in the case of IRTAs, Implement 
and Prototype stages merge into one only stage in which the same tools 
are applied and the same information is obtained. 

For this reason, the information in Chapter 5.1.4 applies here. 

5.1.7  Review 
Finally, for the Review stage of the DT methodology aimed at IRTAs, 5 
tools are applied. 
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In the particular case of this project, the information of one of these tools 
was obtained during the Prototype stage. Such is the case of ‘Narration’. 

5.1.7.1  Fly on the Wall 

Once the application has been developed, thirty-five people (trainers and 
trainees from FSB) tested the final application. Not every person did all 
the exercises but all the exercises were performed at least once. During 
those tests, people from the design team observed the users to analyse 
how they interacted with the tool 

5.1.7.2  Rapid Ethnography 

During the tests above-mentioned, part of the design team also interacted 
with users to learn from their opinions and experience while testing the 
application. 

5.1.7.3  Narration 

As commented before, this tool was not applied particularly in the 
Review stage but during the Prototype one. 

5.1.7.4  Surveys & Questionnaires 

The last tool used in the post-development stage was a questionnaire 
prepared by the design team. The thirty-five people completed the 
questionnaire and the information was subsequently analysed to identify 
areas of improvement and new insights for future innovation. 
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5 . 2  V R  m e t h o d o l o g y  a p p l i e d  t o  a  g a r d e n i n g  
v i r t u a l  e n v i r o n m e n t  ( V I R C A P )  

In Chapter 5.1, the DT methodology for IRTAs was applied to a real 
project, a concrete-spraying learning application. 

The next step in this work has been applying the DT methodology for 
VR tools to a project for the design of a gardening VE. This VR tool is 
aimed at teaching people with disabilities in order to facilitate their 
incorporation to the labour market. The name of the project is VIRCAP. 

This project was requested and led by Grupo Gureak, Fundación 
Goroldi and Goyeneche, and the pilot user group used during some 
stages of the design process came also from Grupo Gureak’s workshops. 

Grupo Gureak goal is achieving total social integration of the disabled 
people via labour market insertion. Their diversification has led them to 
create companies that let them be completely autonomous. Most of these 
companies deliver services such as car-washing, vending machines, 
gardening work for city halls, and so on. 

The aim of the project was to design a complete tool that could help 
these three entities train new workers avoiding the different risks of 
learning in the real garden. This risks range form personal injuries to 
damaging the garden. The gardening course was intended to be a 
progressive learning journey in which workers would be scaling up while 
improving their skills. 

As with the IRTA project, the design team followed the seven stages of 
DT and applied the tools specified in Chapter 4.3.1. 

Nonetheless, as explained in Chapter 4.3.2, the information obtained 
with the tools will be exposed in a different way and taking into account 
the needs for designing VR tools identified in Chapter 3.2.2. Those needs 
were: 

• Understanding reality 

• Understanding how people experience reality 
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First, the information regarding the understanding of reality will be 
exposed, followed by the information about users 

It is necessary to say that, for the user research performed for VIRCAP, 
apart from the pilot user that helped test the different versions of 
VIRCAP, the team was allowed to visit a gardening squad for a week 
while they were out working. 

In the case of the VR project the approach to show how the design team 
applied each tool will not be the same as that used in the IRTA project, 
i.e., following the 7 steps of DT. Instead of that approach, the tools aimed 
at understanding reality will be explained first and then the tools with the 
goal of understanding how users experience reality will be presented. The 
tools belonging to each of the two groups can be found in Table 12 in 
Chapter 4.3.1. 

5.2.1  Tools aimed at understanding reality 

5.2.1.1  Activity Analysis 

As mentioned above, Grupo Gureak provided the design team with a 
complete dossier, called ‘Work instructions’, which contained a thorough 
explanation for every task that the gardeners carry out and also gave 
complete information on every step took for each task, every object 
needed for the activity, etc. 

This document served as the ‘Activity Analysis’ information. 

5.2.1.2  Error Analysis 

Also thank to the document ‘Work instructions’, the team learned about 
all the possible failures in the gardening machines. Some of those errors 
were later simulated in VIRCAP because they are a core part of the 
learning process. Others, however, were not simulated since, in fact, the 
creation of VIRCAP was due, partly, in order to avoid those errors. 

5.2.1.3  Fly on the Wall 

The tool was used when the team was visiting the gardening squad. 



Chapter  5 :  App l ica t ion  o f  the  m ethodo logy   

 

107  

In applying ‘Fly on the Wall’, the team learned a number of things when 
they observed the gardeners. As an example, they realized that working 
on slopes is very common and involves certain difficulties that users must 
be correctly trained in. 

The team also saw that the gardeners’ work is quite repetitive. Although 
they constantly change locations, the task they perform does not change 
very often. With this in mind it is important that the simulator has many 
different scenarios so users can experience as many situations as possible. 
From this information, it can also be inferred that training should focus 
on the activity or activities that the gardener is going to perform more 
often. 

5.2.1.4  Rapid Ethnography 

While performing this observation tool, we focused in learning the 
particular vocabulary used in the gardening activity and the jargon used 
to communicate there. The intention was to mirror this jargon later in 
VIRCAP. 

5.2.1.5  Behavioural Archaeology 

While visiting the gardeners squad and applying ‘Behavioural 
Archaeology’, the design team learned what workers have to wear during 
the activity, which included not only the clothes they must wear but also 
the protection equipment they have to use while working (gloves, safety 
glasses and hearing protection). 

Apart from that, the gardeners showed us how they organize and move 
the tools from their headquarters to the place where the activity actually 
takes place. 

5.2.1.6  Try it  yourself 

People from the design team were allowed to try the real gardening tools. 
The goal was to learn about how the tools work in order to identify 
aspects that might have been missed from learning from real gardeners. 
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This way, designers would be able to perfectly adapt each tool to the VR 
simulator. 

The tool was also applied once VIRCAP was already developed in order 
to get first-hand information about how the final VR application worked. 

Cognitive Task Analysis 

During the application of this tool, the design team identified every 
sensorial input that the gardeners receive while working. A couple of 
examples follow:  

• Sounds from the environment 

• Sounds from the machines 

• Information from other members of the squad 

• Information from the machines 

• Events happening in the surroundings 

• All kinds of visual inputs 

Apart from that, the team thoroughly analysed the machine controls and 
how gardeners operate them. 

5.2.1.7  Flow Analysis 

With ‘Flow Analysis’, the team studied how the gardeners’ work is 
organized from the beginning of the workday, how the work to be done is 
assigned and communicated to the gardeners, how the necessary tools are 
prepared, loaded in and unloaded from the truck, how the transportation 
is done, the organization once the squad arrives to the work area, etc. 

Part of this information was also available in the document ‘Pedagogical 
Plan’, although the team took advantage of the days spent with the 
gardeners to confirm the information in the document and to identify any 
missing information not collected in the document and other carried out 
in a different way as documented. 
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5.2.2  Tools aimed at understanding how people 
experience reality 

5.2.2.1  Error Analysis 

Apart from the machine failures, the most common human errors that 
occur during the gardening activity were also indicated in the document 
‘Work Instructions’. 

‘Error Analysis’ was also used during the test of the VR tool. Real users 
were studied in order to identify recurring mistakes from those users, 
analyse their causes and try to improve the tool so they could be avoided. 

5.2.2.2  Social Network Mapping 

It has commented before that Grupo Gureak provided the information 
about the different roles present in the gardening activity also in the 
document ‘Profiles Plan’. 

The most important thing that the team learned regarding this aspect was 
that Grupo Gureak had established different levels of learning for new 
trainees: every trainee started on a certain level according to their skills 
and could be promoted to the next level by learning new gardening tasks 
and by improving their abilities. 

5.2.2.3  Fly on the Wall 

It has been noted in Chapter 5.2.1 that with ‘Fly on the Wall’ the team 
got different information about the activity by observing users performing 
it. Of course, thanks to this tool the design team also learned from the 
users themselves. Continuing the example in the previous section, the 
team learned how each gardener solved the issue of working on a slope 
and how they positioned their feet and their body in order to minimize 
the effort and time consumed. 

5.2.2.4  Rapid Ethnography 

During the sessions with the gardeners, the team also learned about the 
habits of the workers. They told the design team how they carried out 
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each activity, the practices they use to save time and reduce unnecessary 
effort, and so on. 

As an example, while working on slopes, they told the team that the best 
way to work was always walking perpendicular to the slope (Figure 18, 
Figure 19 and Figure 20) instead of going up and down (Figure 22, Figure 
22 and Figure 23). This way, the efforts were smaller since gardeners did 
not need great strength to moving the machine up and holding it while 
going down the slope. 
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Figure 18: Worker mowing perpendicular to the direction of the slope. 

Outward 
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Figure 19: Worker mowing perpendicular to the direction of the slope. 

Turn 
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Figure 20: Worker mowing perpendicular to the direction of the slope. 

Return 
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Figure 21: Worker mowing parallel to the direction of the slope. Going 

up 
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Figure 22: Worker mowing parallel to the direction of the slope. Turn 
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Figure 23: Worker mowing parallel to the direction of the slope. Going 

down 
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5.2.2.5  Cognitive Maps 

While observing the gardeners’ squad, the design team asked the workers 
to explain how they moved while working, the way they shared the 
workspace with the rest of the squad in order to facilitate the activity, and 
everything related with moving and positioning in the garden. 

Some important things seen there were that, for example, sometimes 
moving through plants is difficult. While working as a squad, different 
operators worked in the same area sometimes, but each performed 
different tasks. In this case, operators never worked in that same area at 
the same time in order to avoid hazardous situations while using 
dangerous machines. At other times, each member of the squad was 
assigned one particular area and they performed all the tasks required for 
that area. This last option requires teaching more different skills to each 
worker instead of having workers specialize in certain tasks. 

5.2.2.6  Surveys & Questionnaires 

‘Surveys & Questionnaires’ were carried out once the VR tool was 
developed. Tests were scheduled with nine future users of the tool 
(Salvatore et al., 2008) in order to evaluate three different aspects of the 
tool: interaction, navigation and the realism of the VE.  

Many of the questions asked during these sessions were aimed at 
evaluating whether the team had succeeded in achieving presence in the 
VR simulator. 

5.2.2.7  Narration 

Also during the sessions with the squad of gardeners, the design team 
paid attention to the spontaneous comments that the gardeners made and 
to what they told the team while working. The goal was to identify how 
gardeners feel when performing their everyday activities. 

For example, the team observed that certain workers stopped every once 
in a while during the activities to drink water or eat something sweet. 
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From that, we learned that some activities are very energy consuming 
and require breaks. 

5.2.2.8  Try it  Yourself 

Getting in someone else’s shoes is essential to understanding them. For 
that reason, while applying ‘Try it Yourself’ the team got information not 
only about the activity but also about how users feel while working as 
gardeners. This first-hand information is easier to remember and more 
credible to the person receiving it since it is experienced first-person. 

5.2.2.9  Personal Inventory 

During the application of this tool, the team observed what personal 
objects the gardeners carry during their activities. Many objects were 
identified (bottles of water, sweets and other kinds of food, handkerchiefs, 
etc.) but the team did not identify any pattern in the objects. That is, no 
object was carried by a sufficient number of workers to infer that the 
object was necessary for carrying out the activity. 

5.2.2.10  Anthropometrical Analysis 

Three physical aspects were found to be important during the design of 
this VR tool. 

The first one was the height of each participant. The height was 
necessary in some of the exercises to evaluate whether the participant was 
carrying the task out correctly. The design team in charge of the VR tool, 
captured height information from sensors placed on each participant’s 
head. The motion capture system detected the sensors and deduced the 
height of the trainee. 

The second important aspect was the placement of the markers in each 
gardening tool. Correctly placing the markers in VR is of key importance 
in order for the tool to function correctly. For this reason, the design 
team studied a group of people to analyse how they held the tool and 
found the best position for the markers. 
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The third and last important anthropometrical issue that was addressed 
was something that occurred while working with one particular tool, the 
hedge trimmer. During this activity, just like during others, the team 
needs to know whether the trainee is holding the tool too close to their 
boy (so hazards can be avoided). The problem was that for hedge 
trimming, the workers usually bend to cut the hedge. When they bend, 
they are closer to the tool, so the design team needed to know when the 
trainee bent down. The issue was solved using markers and estimating 
what percentage of the total body height corresponds to the torso and 
what percentage corresponds to the legs. 

5.2.3  Handling of information 
While applying the tools exposed in the previous chapters, much 
information was generated. This information is compiled into different 
dossiers. As it was explained during Chapters 4.2.1.1 to 4.2.1.11 and 
4.3.1.1 to 4.3.1.4., the kind of dossier favoured is a more graphical one 
that makes it easy to consult the information in any moment and that 
makes it visible. 

For this project, all the insights, ideas and every piece of information 
generated during the research, were captured in a mural and then 
categorized to facilitate the use of it. Those 4 murals contain all the 
information obtained while applying the following tools: 

• Fly on the Wall 

• Rapid Ethnography 

• Cognitive Maps 

• Surveys & Questionnaires 

• Narration 

• Try it Yourself 

• Personal Inventory 
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4 murals were created: 

• Insights from users (Figure 24). 

• Possible improvements in the simulator (Figure 25). 

• Key thoughts of users (Figure 26). 

• New ideas for the simulator (Figure 27). 
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Figure 24: Mural 1: Insights from users. 
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Figure 25: Mural 2: Possible improvements for the simulator. 



Chapter  5 :  App l ica t ion  o f  the  m ethodo logy   

 

123  

 

 

 

 

 

 
Figure 26: Mural 3: Key thoughts of users. 
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Figure 27: Mural 4: New ideas for the simulator. 
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Once every piece of information was added to the mural, the design team 
categorized all of them. As an example, for the mural ‘Insights from 
users’, 3 categories were created: 

• Insights about the physical objects in the simulator 

• Insights about the experience with the simulator 

• Insights about how cognitive disabilities affect the use of the 
simulator 

In the same way, the mural ‘New ideas for the simulator’ was categorized 
in the way that follows: 

• New technologies 

• Creating an easy-to-use and easy-to-install application 

• How to avoid accidents 

• Overall improvements 

No categories were created for the remaining murals. 

5.2.3.1  Insights about the physical objects in the 
simulator 

While applying the tools above-mentioned, a large amount of 
information was obtained about the physical tools present in VIRCAP. 
Since the tool is a gardening simulator, most of those objects are 
gardening tools. 

Information obtained 

Two main topics arouse regarding the physical objects in VIRCAP: 

• Lack of certain objects 

• Discomfort with certain tools 

All the users that took part in the tests agreed about the lack of certain 
physical tools for working in VIRCAP. Specifically, those tools where the 
shovel, the hoe and a proper way to simulate the actions that were 
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performed using the hand. For those three tools, the same aluminium bar 
was used in order to perform the actions. That bar was not similar to any 
of the three tools mentioned (shovel, hoe and hand), so the simulator had 
a problem of realism in all the activities that involved those three tools. 

About the discomfort with certain tools, all the users indicated that the 
head-mounted display used in the simulator to see the virtual world, was 
a problem for the interaction with the simulator. The specific problem 
was that the wire that connected the display to the computer got tangled 
every once in a while. In the majority of the cases, that brought problems 
when moving in the virtual world, especially due to users not being able 
to reach certain parts of the room where the simulator was installed. 

Contribution to the simulator 
The information regarding the physical objects of the simulator helped 
the design team improve the simulator in different ways. 

On the one hand, thanks to the information about the lack of certain 
tools, the team realised that every physical object used with the simulator 
had to be perfectly mirrored and adapted to the needs of the trainees. In 
that sense, not only the team included a specific object for the shovel, the 
hoe and the hand, but also readapted certain objects and their use to 
match the real use of them. In this sense, the controls of some of the 
machines used in gardening (mower, mechanical saw and so on) were 
improved and better mirrored. 

On the other hand, the team started to evaluate the possibilities to 
include a wireless head-mounted display. The current technologies do 
not allow the team to use one of the existing displays, due to image-
refresh rates being too low. Nonetheless, as technology improves, a 
wireless display will be the solution selected for the simulator. 
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5.2.3.2  Insights about the experience with the 
simulator 

When talking about a VR simulator, the experience the users have is the 
most important aspect to consider and one that must be carefully 
addressed. 

In this sense, during the process of design, the users of VIRCAP provided 
us with a lot of information about their experience with the tool. That 
information was evaluated and considered for future improvements of the 
simulator. 

Information obtained 

The topics for which an important amount of information was obtained 
were: 

• Moving in VIRCAP 

• Reality of the environment 

• Instructions and advice in VIRCAP 

One of the main aspects that were identified when the users tested 
VIRCAP was the movements those users made in the simulator. One of 
the problems has been commented in Chapter 5.2.3.1 (due to the display 
wire getting tangled). But other important issue was detected: users not 
moving backwards to reach certain parts of the room instead of moving 
forward and turning. Analysing the information from this issue, it was 
detected that part of the problem was due to the users being afraid of 
crashing against something in the dark room. In this sense, walking 
backwards retracing their steps ensured them that no accident would take 
place. Besides, the design team realised that this problem appeared when 
people when cognitive disabilities tested the simulator, since during the 
tests with people with no disabilities, they walked normally through the 
whole room. 
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Contribution to the simulator 
The above-mentioned information was taken into consideration in order 
to improve VIRCAP.  

Firstly, it was decided that the head-mounted display should allow the 
user to see the surroundings. Therefore, no closed head-mounted display 
was used.  

Secondly, the team suggested that a lightened room should be always 
used instead of a dark room. In order to avoid errors in the simulator due 
to the presence of light, special devices to block certain light rays must be 
used. 

Finally, the team again saw that the use of a wireless head-mounted 
display would avoid the wire getting tangled thus easing the movements 
of the users. 

5.2.3.3  Insights about how cognitive disabilities affect 
the use of the simulator 

At the beginning of Chapter 5.2 it was explained that VIRCAP was a 
simulator aimed at people with cognitive disabilities. Therefore, a lot of 
information related to this subject was obtained during the tests with 
users.  

Information obtained 

Handling with care all the information obtained related to how cognitive 
disabilities affect the experience of VIRCAP was especially important in 
order to turn all the insights obtained into improvements for the 
simulator that could enhance the experience of the people using it. The 
main topics that arouse were: 

• Clarity of the instructions 

• Time of continuous use of the simulator 

• Contact with reality 
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Firstly, the design team saw that the kind of instructions provided by 
VIRCAP was not clear enough for people with certain cognitive 
disabilities. Besides, sometimes too much information was given at the 
same time and instructions and advice overlapped at certain stages of the 
exercises. This last issue made the experience with VIRCAP too messy 
and tiring for the trainees. 

Secondly, it was seen that a proper definition of maximum times of use of 
VIRCAP was needed. Most of the trainees got tired after certain time 
immersed in VIRCAP. This was due to the use of the real tools needed 
for simulating the different activities but also due to the particularities of 
working in a dark room and the pressure of performing correctly the 
different exercises. 

Lastly, the team again thought about using a closed head-mounted 
display but, depending on the kind of cognitive disabilities of the trainees, 
this kind of displays could cause difficulties for those trainees to properly 
interact with the simulator since they were not prepared for losing total 
contact with reality. 

Contribution to the simulator 
These three aspects helped the design team improve different aspects of 
VIRCAP. 

Thanks to the information related to the instruction in VIRCAP, the 
team adapted those instructions to make them easier to understand. Most 
important, the team ensured that instructions and advice did not overlap 
and that too many instructions or pieces of advice were given at the same 
time. 

Taking into consideration the information about the users getting tired 
after long periods of immersion in VIRCAP, the team defined a plan for 
using VIRCAP depending on the cognitive disabilities of the users. 

Lastly, the use of an open head-mounted display was reaffirmed after 
realising that the use of a closed one could create problems for people 
with certain kinds of cognitive disabilities. 
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5.2.3.4  New technologies 

One of the first studies that were carried out with VIRCAP was the 
possibility of designing a gardening simulator that used different 
technologies than the ones that were used. Part of this information was 
left for future research and future work with VIRCAP due to its 
complexity. 

Information obtained 

Two main topics of information were identified regarding the use of new 
or different technologies in VIRCAP. 

• Technologies for the existing tool 

• Technologies for designing a new tool 

About the technologies that could be applied to the current tool, the most 
important issue addressed and one that has also been proposed early in 
this chapter was the possibility of using a wireless head-mounted display. 
The team identified many improvements that could arouse from using it 
(easiness of moving, wire not getting tangled, etc.). 

But undoubtedly, the most interesting information regarding the use of 
new technologies was that about the possibility of creating a new and 
completely different gardening tool. The technology that was studied was 
Augmented Reality. The team saw that the improvements that could 
emerge from a solution based on AR were many: 

• Possibility of working in the actual garden avoiding the problems 
of working in a closed and dark room. 

• Great increase in the reality of the tool thanks to working in a real 
environment. 

• Possibility of training more people at the same time. 

• Avoiding the use of a head-mounted display. 

• Cost reduction (cameras, head-mounted displays, etc. would not 
be needed). 
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However, this topic was not further studied and remains as future work 
that could be developed. 

 

Contribution to the simulator 
The main contribution from the use of new technologies in the existing 
tool has already been said: the use of a wireless head-mounted display. 

However, the team considered that the main technological contribution 
to VIRCAP would be a broad study of the possibility of using AR for a 
future version of the tool. All the members of the team agreed that the 
improvements would be great as has been seen before. 

5.2.3.5  Creating an easy-to-use and easy-to-install  
application 

Lastly, another possibility that was studied when designing VIRCAP was 
the possibility of creating an easy-to-install product that could be 
delivered to the market in an easier way than the current one.  

The team first thought about developing a pack, which would contain all 
the necessary tools for learning in the garden. Soon, it was seen that this 
possibility was complicated since most of the tools used in the garden are 
large (mower, chain-saw and so on). Besides, the installation of a VR 
simulator is not easy and requires the expertise of different technicians. 

For this reason, a new idea emerged to design an introductory tool that 
could be delivered to those companies, associations of people interested 
in experiencing a simpler version of VIRCAP. Again, this remained as 
future work to be done. 
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Chapter 6 

Chapter 6:  Results 

6 . 1  I R T A s  m e t h o d o l o g y  r e s u l t s  
After applying the methodology described in Chapter 4.1 to the project 
outlined in Chapter 5.1, the shotcrete machine application became 
available, fitting the requirements described throughout the DT process 
(De Dios et al., 2012). 

6.1.1  Simulator description 
As mentioned earlier, the goal of the simulator was to offer a detailed 
course on how to spray concrete. For this purpose, all the possible 
scenarios where the concrete-spraying machine is used and all the 
possible ways to use it were simulated. 

The visual environment of the simulator took into account multiple 
factors such as shadows, light refraction, water effects, and so on. The 
sounds that accompany the activity were also simulated to enhance the 
experience. Figure 28, Figure 29, Figure 30, and Figure 31 show different 
views of the concrete-spraying machine simulated in the IRTA. 
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Figure 28: First view of the concrete-spraying virtual machine 
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Figure 29: Second view of the concrete-spraying virtual machine 
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Figure 30: Third view of the concrete-spraying virtual machine 

 

 
Figure 31: Fourth view of the concrete-spraying virtual machine 
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To accurately reproduce the interaction with the machine in real life, a 
device with two joysticks and eight buttons controlled the simulator, thus 
emulating the real controls of the machine. Figure 32 shows the IRTA 
window and Figure 33 shows one of the members of the design team 
operating the concrete-spraying simulated machine. 
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Figure 32: Application window 

 

 
Figure 33: Concrete-spraying virtual machine operated by a member of 

the design team 
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Three levels of training were established: basic, intermediate and 
advanced. This addresses what the design team observed during the 
Explore stage using the ‘Social Network Mapping’ technique. 

The computer automatically evaluated the exercise. For aspects that the 
computer could not evaluate, an instructor needed to be present to take 
notes. 

6.1.2  Review stage questionnaires 
As explained in Chapter 5.1.7, questionnaires were given out to evaluate 
three important aspects of the IRTA: 

• Interaction with the simulator 

• Realism of the simulator 

• Teaching capacities 

The questionnaire consisted of eight questions that the participants rated 
on a five-point Likert scale. Thirty-five people were given the 
questionnaire, and the results were subsequently analysed to obtain the 
data shown in Table 14. 
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Question Median Mean SD 

To what extent do you feel that the 
interaction with the virtual environment 
is natural? 

4 3,77 0,57 

How similar are both experiences: 
spraying with the simulator and spraying 
using real machinery? 

3,5 3,55 0,74 

How realistic is the way that shotcrete 
adheres to the surface 

4 3,58 0,82 

How realistic is the modelling of the 
rebound effect 

4 3,69 0,69 

How realistic is the modelling of cohesion 
failures? 

4 3,8 0,69 

To what extent is training with the 
simulator more comfortable than training 
on-the-job? 

4 3,95 0,87 

How would you rate your motivation 
while performing the training exercises? 

4 3,95 0,84 

How would you rate the training 
capacity of the shotcrete model? 

4 3,9 0,74 

Table 14: Results of the questionnaire for the concrete-spraying 
application 



Chapter  6 :  Resu l ts   

 

141  

6.1.3  Analysis of the results 
The above-mentioned results show that the simulator enjoys great 
acceptance among trainees, who approached the training with great 
motivation, as seen in question 7. This motivation is answered by 
providing trainees with a highly positive experience as inferred from the 
answers to the remaining questions: 

The trainees consider that the simulator is a great tool for training and 
that it accurately mirrors the real activity (questions 2 to 5 and question 
8). Apart from that, the interaction with the simulator is seen as natural 
and comfortable (questions 1 and 6), an important aspect of learning, 
since it is fundamental to keep the trainees motivated and not tire them 
while learning. 

6.1.4  Main contributions of the methodology 
The methodology herein described has contributed to the correct design 
of the tool according to the requirements of FSB, future users and the 
technologies available. The main aspects in which the methodology has 
had a key role are: 

• Understanding how the concrete-spraying is performed in order 
to deliver a reliable tool. 

• Defining each step taken in the activity in order to simulate the 
process as it takes place in the real world. 

• Understanding how people behave while spraying concrete so as 
to mirror the information in the simulator: their movements, 
position, difficulties while performing the activity, etc. 

• Perfectly creating the environment in which the activity takes 
place: sounds, view. 

• Correctly defining and simulating the controls that are used in the 
real machine so as to facilitate the leap from the simulator to the 
real machine. 
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6 . 2  V R  m e t h o d o l o g y  r e s u l t s  
It has been explained in Chapter 5.2.2 that the team ran a couple of tests 
with nine future users of VIRCAP to evaluate the VR tool. During the 
tests, applied in the ‘Surveys & Questionnaires’ tool, the design team 
gathered users’ opinions about three main aspects of VIRCAP: 
interaction, navigation and realism. 

Nonetheless, the main intention behind the tests was to evaluate whether 
VIRCAP created a sense of presence in the participants. For this reason, 
many of the questions asked during those test were aimed at analysing 
that particular aspect. 

6.2.1  Presence 
Of the twenty-two questions presented in ‘Surveys & Questionnaires’, 
twelve were aimed at evaluating presence in VIRCAP. Of the possible 
answers to the first ten questions, answer C was always the answer 
indicating a high sense of presence (scored 2 points). Answer B was scored 
1 point and answer A was scored 0 points. A 3-point Likert scale was 
used since simple questions with few possible answers are preferred for 
people with disabilities (Markesich, 2008) (Mitchell et al., 2006). 

Question 11 was evaluated in the following way. If the participant 
responded yes or no, our team checked in VIRCAP whether the 
participant had actually worked on a slope in VIRCAP. If their answer 
corresponded with the information provided by VIRCAP, then the 
question was scored a 2. If the participant’s answer was that they did not 
know whether they had worked on a slope, the question was scored a 0. 

Answers to question 12 were analysed separately to evaluate whether the 
participants were aware of the different events that may occur in 
VIRCAP and thus evaluate presence. 

The questions can be found in Table 15. 
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1 Did using the gardening equipment in VIRCAP feel 
like using the real one? 

Answers Not at all Partially Completely 

2 Did the controls in the VIRCAP equipment work like 
the real equipment’s controls? 

Answers Not at all Partially Completely 

3 Was sowing and fertilizing in VIRCAP as easy as in 
reality? 

Answers Not at all Sometimes Always 

  

4 When pruning in VIRCAP, were you able to cut the 
branches the way you wanted? 

Answers Not at all Sometimes Always 

5 Did you hear the help in VIRCAP? 

Answers Not at all Sometimes Always 

6 Did you understand the help in VIRCAP? 

Answers Not at all Sometimes Always 
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7 Were your movements in VIRCAP similar to those in 
real life? 

Answers Not at all Partially Completely 

8 Did you feel like you could move in VIRCAP without 
fear of tripping over or crashing into any object? 

Answers Not at all Sometimes Always 

9 When using the gardening equipment in VIRCAP, 
did you feel safe or did you fear breaking something? 

Answers I felt fear Sometimes I felt safe 

10 While working in a park/sidewalk/road 
shoulder/slope in VIRCAP, did those situations feel 
like the real ones? 

Answers Not at all Partially Completely 

11 Did you work in a slope? 

Answers I do not know No Yes 

12 While working in VIRCAP, did any gardening 
equipment break down? Did it start to rain? Did any 
virtual person pass near you while you were working? 

Answers - - - 

Table 15: Questions aimed at assessing presence in VIRCAP 
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The results of the first eleven questions answered by the nine users can be 
seen in Table 16. 
 

Question U1 U2 U3 U4 U5 U6 U7 U8 U9 Average 

1 2 1 1 1 2 2 2 2 1 1,556 

2 2 2 2 2 2 2 2 2 1 1,889 

3 2 2 2 2 2 2 2 2 2 2,000 

4 1 2 2 1 1 2 2 1 1 1,444 

5 2 2 2 2 2 1 2 2 1 1,778 

6 2 2 2 2 2 1 2 2 2 1,889 

7 2 1 1 0 1 1 2 2 1 1,222 

8 2 1 1 0 0 1 2 2 1 1,111 

9 2 2 2 1 1 1 2 2 1 1,556 

10 2 1 1 1 1 1 2 1 1 1,222 

11 2 0 2 2 2 2 2 2 2 1,778 

Table 16: Results of the questionnaire (questions 1-11) 
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6.2.2  Analysis of the results 
In light of the results shown in Table 16, a good level of presence is 
achieved in VIRCAP. Nonetheless, the design team found that several 
improvements could be made in order to deliver a better sensation of 
presence. These improvements were found in three specific aspects of the 
tool, and the team realized that improvements were needed since less tan 
five users gave answers indicating high levels of presence. The three 
features in VIRCAP that could be improved are: 
 

• Reality of pruning (question 4) 

• Moving in VIRCAP (question 7 plus question 8) 

• Reality of different environments in VIRCAP (parks, sidewalks, 
road shoulders and so on) (question 10) 

 
As explained before, question 12 was analysed separately. Studying the 
answers to this question, the team realized that most of the participants 
knew that some of the possible events had taken place during their work 
in VIRCAP, but most of them were not able to identify the exact event. 

6.2.3  Main contributions of the methodology 
Based on the results described above, the contributions of the 
methodology could be analysed, being the first and most important being 
the improvement in presence obtained by the DT methodology. 

Other important goals were also achieved during this work: 

• Understanding each and every step that takes place while 
performing the gardening activity thus getting a holistic view of 
the process. 

• Understanding the journey of the gardeners from the beginning 
until the end of their day. 
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• Getting to know the needs of the users in every step of the process, 
from the time they arrive at the headquarters where they organize 
the day until they pick up their tools and go home. 

• Organizing the design of the tool so that every important aspect, 
stage of the gardening activity, role and all the pieces of 
information are taken into account in order to deliver a reliable 
training tool. 

• Studying the technologies that best fit what needs to be mirrored 
in the simulator. 
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Chapter 7 

C h a p t e r  7 :  Conclusions & Future 
Work 

In this work, the DT methodology has been explained. This methodology 
was then applied to the design of IRTAs and VR tools. For this purpose, 
the needs when designing IRTAs and VR tools were studied and the best 
design tools were subsequently selected to help carry out the DT 
methodology. 

While applying both methodologies, the team drew several conclusions 
about the work done and the results obtained. Conclusions were reached 
about the methodology for IRTAs and the methodology for VR tools. 
General conclusions were also drawn while developing this work. These 
conclusions are shown in Chapter 7.1, Chapter 7.2, and Chapter 7.3. 

7 . 1  I R T A s  m e t h o d o l o g y  c o n c l u s i o n s  
DT has shown itself to be an effective methodology for the design of 
interactive real-time applications and strongly fitted to identify and solve 
users’ needs. 

Following the seven-stage DT methodology and choosing the most 
suitable techniques for this kind of project based on the analysis of the 
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requirements while designing IRTAs, the team balanced the needs of the 
future concrete-spraying trainees, the requirements of the project, the 
training needs of the company for which the project was developed (FSB) 
and the technologies available for designing this particular application. 

This was seen thanks to the validation carried out with the project 
developed for FSB. The results of this validation showed great acceptance 
of the tool among users, who considered the simulator a great tool for 
learning the concrete-spraying profession (Chapter 6.1.3). 

The tools selected were of special importance for the project, although 
some of them did not provide all the information expected. Therefore it 
should be analysed whether this was due to the particularities of this 
project or because the tool is not as useful as initially thought. 

Nonetheless, this work provides a good reference for those embarking on 
the design of IRTAs and gives them a good user-centred approach that 
ensures delivering feasible and profitable projects. 

It should also be mentioned that while writing this book, slight changes 
were made to the information outlined in the article about DT and 
IRTAs (Sandino et al., 2013). The changes affected the distribution of the 
design tools throughout the methodology. This was due to a further 
analysis done to the information obtained through those tools and the 
conviction that the new distributions makes more sense for a correct 
design process. Nonetheless, none of these changes affected the results 
obtained for the simulator since they were only a new approach to the 
order in which the tools should be applied. 

7 . 2  V R  m e t h o d o l o g y  c o n c l u s i o n s  
According to the results presented in Chapter 6.2, the overall experience 
in VIRCAP delivers a good sense of presence, as the answers to the 
questionnaire indicate. As has been explained, achieving presence in VR 
is key to the success of the tool. Therefore, the initial goal of the team 
when starting to design VIRCAP has been achieved. 
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In order to deliver presence in VIRCAP, the team used the DT above-
mentioned methodology. As described in Chapter 4.3, the methodology 
was adapted to the particular needs of VR thanks to an in-depth analysis 
of the available tools and the selection of those that proved to be more 
useful. The needs, immersion and presence were thoroughly studied, 
presence being the most important and complicated to achieve. 
Analysing the literature on presence, two key aspects were identified that 
helped select the design tools for VR: understanding reality and 
understanding how people experience reality.  

Thanks to the success of VIRCAP, it can be inferred that DT and the 
tools selected prove to be useful for the design of VR tools. The validation 
carried out with trainees from Grupo Gureak showed that success 
according to the answer to the different questionnaires (Chapter 6.2.2) 
and the experience that the trainees had with the virtual gardening tool. 

VIRCAP is being used by Grupo Gureak to train future gardeners every 
day. Furthermore, the tool is also being used to train existing gardeners in 
order to improve various aspects of their work or to teach them new 
skills. The tool is experiencing great acceptance among the trainers and 
the trainees. 

7 . 3  G e n e r a l  c o n c l u s i o n s  
The first and most important thing that has been shown during the 
development of this work is that the design of IRTAs and VR tools highly 
benefits from applying the design thinking methodology. The seven 
stages of the process are a good way of carrying out these projects and a 
good path to follow in order to produce an end product that fulfils all the 
requirements and that can be successful. 

Apart from that, the application of user research tools like the set of 
IDEO Method Cards helps the design team obtain a proper knowledge 
of users, their preferences, problems and particularities. This analysis 
provides numerous insights that can be subsequently converted into ideas 
and features for the product and its use. 



152 Chapter  7 :  Conc lus ions  &  Future  W ork  

 

7 . 4  F u t u r e  w o r k  
During the development of this work, many insights were obtained in 
regard to future work that could be done related to the methodology 
outlined in this book. 

7.4.1  DT Stages’ thorough analysis 
One of the first things found interesting for further analysis was all the 
information regarding the seven different stages. 

The aspects that could be analysed are many: 

• Duration of each stage depending on the kind of project 

• Budget dedicated to each stage 

• Number of users to be researched 

• Number of professionals in the design team and their expertise 

• Others 

Little literature is available in this field and this information could greatly 
help to adjust the methodology and make it more useful.  

For achieving this, existing projects from different firms could be analysed 
to create a database with the information obtained. The data could 
subsequently be analysed to draw conclusions on each of the above-
mentioned aspects. 

7.4.2  Further application of the methodologies 
The methodologies presented in this book have been tested in two 
different projects, one for the IRTAs methodology and one for the VR 
tools’ methodology. 

Further work could be done in applying the two different methodologies 
to new projects in order to fine-tune them and provide new case studies 
for further researchers and professionals. 
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7.4.3  New tools 
As commented throughout this work, the set of tools used in conjunction 
with the DT methodology was selected from the fifty-one tools available 
in the IDEO Method Cards collection of design techniques. 

The selection of this set does not mean that other tools are not available. 
As explained in Chapter 4.1, several collections of design techniques exist 
but IDEO was selected since it was considered the most complete. 

It was also stated that new tools appear each and every day. This means 
that the selection of tools for the methodology explained here could be 
updated in the future. 

7.4.4  Specific tools 
Apart from considering other sets of tools and being aware of new tools 
that emerge, professionals in the field of IRTAs and VR tools could 
consider the development of new and specific tools for those two kinds of 
projects.  

Experience developing IRTAs and VR simulators can reveal special 
needs that can be addressed with a particular tool aimed directly at that 
need. 

7.4.5  Training needs 
As commented in Chapter 2.1.4, a new aspect arises in the projects 
developed in this work: training needs. This aspect adds to the other 
three aspects that DT takes in to account (user needs, business needs and 
technology availability), and takes on even more importance than 
business needs. 

In this sense, when designing training simulators, different aspects should 
be further studied: 

• The first one is how the training is carried out to maximize 
learning. In this work, a complete dossier was provided for the 
VIRCAP project outlining the pedagogical plan. The document 
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defined the different levels of learning, what was taught in each 
level, the personal skills recommended for that level, etc. 

• The second and most important aspect that should be studied 
would be how the tool is implemented in the location where it is 
going to be used. When the tool is a computer application, the 
problem is not difficult to solve, but when the project requires 
delivering a VR simulator, many aspects must be addressed, such 
as how big the room is in which the simulator will be placed, how 
the light will be blocked to avoid failures in the VR simulator 
cameras, etc. By thoroughly analysing different solutions, good 
guidelines could be developed applicable to the vast majority of 
VR projects.  

Ideally, this work should be done at the beginning of every project, with 
slight changes during the design process. 

7.4.6  Future work for VIRCAP 
In Chapter 5.2.3.4, it has been seen that during the design of VIRCAP 
the design team considered the possibility of using different technologies 
for a future version of VIRCAP. The main technology that was studied 
was AR. Since no further study was carried out and taking into account 
that AR is a discipline still in its first stages of research, the application of 
AR to VIRCAP would be an interesting topic for future researches 
embarked on the design of this tool or other similar tools 

Furthermore, during Chapter 5.2.3.5 the team considered the possibility 
of designing a more basic version of VIRCAP. Since a VR simulator is a 
tool which installation requires the work of certain technicians, a simpler 
version of it could be created. This could be an interesting way to show 
the possibilities of VIRCAP to the people interested in it but without the 
possibility of getting the whole simulator. 
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Appendix A:  IDEO Method Cards 
used 
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This appendix gathers the papers written so far thanks to the research 
from this work. The papers are listed next and in the following pages they 
can be found in their final format: 

Sandino, D., Matey, L. M., Vélez, G., 2013. Design Thinking 
Methodology for the Design of Interactive Real-Time Applications. 
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Design Thinking for Achieving Presence in Virtual Reality. 
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Design Thinking Methodology for the Design of Interactive 
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Abstract. In recent years, many interactive real-time applications that simulate 
real situations have appeared. As with every product, good design is an important 
aspect in meeting the needs of the majority of users. Interactive real-time 
applications are no exception; they too must fit users while at the same time 
simulating reality, creating as perfect a mirror of the real world as possible. 
Design Thinking establishes a methodology for the development of every project, 
whether a product or a service, based on the conjunction of user needs, the 
technologies available and the requirements of the entities that request the project. 
We in the Design Area at Tecnun, the University of Navarra's School of 
Engineering, asked ourselves how well Design Thinking would help in the design 
of interactive real-time applications. 
 

Keywords: design thinking, interactive real-time applications, design process. 

1 Introduction 

Design Thinking is an approach to problem-solving and projects where we adopt the 
techniques that designers use, the way designers work and how they approach problem-
solving [1-2] in order to re-think different models across a variety of fields (business, 
health, etc.) and modify them or create new ones that are suitable for users, taking 
advantage of available technology. In recent years, the number of fields in which 
Design Thinking is applied has greatly increased [3]. 

Designers usually develop their work in real environments. The design of different 
objects, spaces or even entire services almost always refers to everyday situations and 
spaces.  

However, interactive real-time applications have become a tool of particular interest 
in many contexts. We can find them in recreational environments, work facilities and 
education centres, among other places. There are several reasons for designing and 
using interactive real-time applications: avoiding certain dangers, saving money, 
avoiding the need to transport people and equipment, etc. Regardless of the purpose of 
the tool, it has to be properly designed and fit the needs of all potential users. 



For this reason, at Tecnun School of Engineering we created a methodology based on 
the Design Thinking process adapted to the design of Interactive Real-Time 
Applications. We supported the methodology by using several tools that designers use 
to help them obtain all the necessary information while the methodology moves 
forward. Once we had the methodology, we applied it to a concrete spraying simulator 
to validate it. 

2 Tool selection 

In this section, we describe our process of selecting the tools that define our 
methodology. 

The first step that needed to be taken in order to properly define a Design Thinking 
methodology for the design of an interactive real-time application was to select the 
design tools that were most suited to addressing the design requirements for designing 
these types of applications. 

For this purpose, we needed to clearly define what the needs were when designing 
these kinds of applications. In order to correctly design an interactive real-time 
application, the most important requirements are that reality is properly mirrored and 
that the interaction with the application is as pleasant as and similar to the real activity 
as possible. 

With this information in mind, we went through the 51 IDEO Method Cards [4] and 
selected the ones that provided the most useful information about those requirements.  

We chose 11 tools, which shaped the core of the methodology. While choosing those 
11 tools, 16 other tools were discarded because of their similarity to the ones selected in 
terms of the information they provided. Table 1 shows the 11 tools we chose and gives 
complementary tools, which come from the tools we discarded.  

 

Fig. 1. Tools used in the methodology 

Apart from those 11 tools, there were another 9 tools that we left outside the core of 
the methodology, though we felt they could be applied to any project were they become 
necessary or of particular interest. 

Finally, 15 other tools were left out because they were inappropriate for the design of 
interactive real-time applications. 



Tool  Information Complementary 
Tools 

Error  
Analysis 

This tool helps the team in charge of the design 
identify every possible error in the activity and in 
the simulator. When using ‘Error Analysis’ in the 
activity to be mirrored, errors that need to be 
simulated are found because trainees have to learn 
about them. Other times, errors are detected in 
order to prevent them from occurring in the 
application. 

Scenario Testing 

Activity  
Analysis 

This helps designers identify all the tasks, all the 
steps to be taken, and all the objects in a process. 
This tool is very useful when used in conjunction 
with ‘Error Analysis’ since once every element of 
the process is identified and divided into smaller 
entities using ‘Activity Analysis’, it becomes 
much easier to identify every possible error and 
malfunction during each step. 

Cognitive Task 
Analysis 

Flow Analysis 

Draw the  
Experience 

Social  
Network 
Mapping 

This technique allows designers to identify the 
different roles in the process; that is, the different 
jobs and responsibilities of each person involved. 

Character  
Profiles 
Role-Playing 
Scenarios 

Fly on the 
Wall 

The information provided by this tool is related to 
how people behave while performing the activity 
that is being analysed. Designers gather the 
information through observation, though the 
people do not know they are being observed, thus 
avoiding expectancy effects [5]. 

A Day in the Life 

Still-Photo  
Survey 

Behavioural 
Archaeolog
y 

Thanks to this tool, the design team gets to know 
how people organize the space where the activity 
takes place, what they have to wear, how they use 
and organize objects, and so on. 

Personal  
Inventory 

Rapid  
Ethnograph
y 

Similar to ‘Fly on the Wall’, with this tool 
information can be obtained directly from the 
people involved in the activity. The difference is 
that with ‘Rapid Ethnography’ a direct 
relationship is developed with the people in order 
to gain their trust, ask them about the activity, and 
participate in the activity with them. 

Cross-Cultural 
Comparisons 
Shadowing 
A Day in the Life 
Still-Photo  
Survey 
Card Sort 
Foreign  
Correspondent 

  



Behavioural 
Mapping 

Thanks to this tool designers analyse how people 
use the space in which the activity takes place 
(how they position themselves, which areas are 
most used, and so on). 

Guided Tours 

Cognitive 
Maps 

Similar to ‘Behavioural Mapping’, in this case 
designers ask the people involved in the activity 
to show them how they think of the space and 
how they navigate it. 

Guided Tours 

Surveys & 
Questionnai
res 

These can be used in different stages of the 
methodology in order to obtain different kinds of 
information for designing or testing the activity. It 
is important to consider that a proper number of 
interviewees are necessary so that the results are 
valid [6-8] and that bias can appear while 
interviewing people. [9-12]. 

Five Whys? 

Narration Information about the validity of the project can 
be obtained through users’ narrating their 
experience interacting with the tool in real-time. 

- 

Try it 
Yourself 

Useful information can be obtained when the 
design team uses and interacts with the designed 
application. 

- 

Table 1. Tools chosen in the methodology and complementary tools 

3 Methodology 

The process of Design Thinking is an iterative one with several stages. It starts with a 
briefing that yields a framework for the future work of the team. After defining the 
brief, the team starts exploring everything related to what is going to be designed. This 
provides a good starting point for the next stage, a divergent phase in which the team 
generates as many ideas as possible, which will be refined in a later selection stage. 
Prior to the selection stage, Design Thinking encourages a prototyping phase. After 
choosing the ideas and defining how the product will be, the team must define who is 
going to do what, in how much time and with what resources. Lastly, the team cannot 
consider the design as finished when it is developed and in use: they must review the 
product and check whether it actually fits the needs of the potential users. 

In light of this, we can divide the process of Design Thinking into these stages: 
 

Define►Explore►Ideate►Prototype►Select►Implement►Review 
 
Following the above seven stages of Design Thinking, we assigned the selected tools 

to the stages where their use is necessary and created a proper methodology for the 
development of interactive real-time applications. 



Experience with a simulator for training operators of concrete spraying machinery 
helped us tune the methodology. 

3.1 Define 

As explained above, in this stage the designers or the entities requesting the project set a 
proper framework for the work to be done. This framework can be seen as a series of 
constraints that guide the subsequent work. 

In the case of interactive real-time tools, it is very important to define how faithfully 
the simulator must reflect reality. At a first glance, it would seem important to reflect 
reality perfectly, but in many cases only certain aspects need to be simulated rather than 
the entire activity. Other times, certain effects need to be exaggerated in order to make 
them noticeable. 

3.2 Explore 

The purpose of this second stage of the process is to gather information about 
everything that surrounds the project that is going to be tackled: potential users and their 
needs, previous solutions to the same issue, etc. 

This stage will give the team very important information for the future generation of 
ideas, as it will help ensure that the ideas will be oriented toward the needs of the 
project. 

The tools that are considered to be most suitable for this purpose are the following: 

• Social Network Mapping 
• Surveys & Questionnaires 
• Rapid Ethnography 
• Cognitive Maps & Behavioural Mapping 
• Error Analysis 

3.3 Ideate 

During this stage, it is important to identify the things that are relevant to the people 
involved in the activity and to generate as many ideas as possible [13] for meeting those 
needs. Brainstorming is the core of this stage, but it is also important to consider other 
ways of getting insights for the future design. With that in mind,  the appropriate tools 
for this stage are the following: 

• Behavioural Archaeology 
• Fly on the Wall 
• Try it Yourself 



3.4 Prototype 

Design Thinking promotes prototyping from the beginning stages of the design process. 
Furthermore, early prototyping of software design is recommended in order to help 
users identify their needs in order to make them part of the process, among other 
reasons [14].  

According to the Design Thinking methodology, the prototypes do not usually need 
to be detailed or working prototypes in the early stages of the process. However, when 
designing real-time applications, it is helpful to use an evolutionary approach [15-17] to 
start developing the simulator so that it becomes the prototype itself. The tool selected 
for this stage is: 

• Error Analysis 

3.5 Choose & Implement 

These two stages of the design process are merged since the tool that is most suitable 
for both stages is the same, and its application is based on the analysis of the reality that 
is being simulated. 

• Activity Analysis 

When this information becomes available, the development of the simulator can 
begin, using both the results of the activity analysis and the requirements from the 
briefing. 

3.6 Review 

Once the project is finished, the design team will have to keep track of how the product 
is introduced to the users whether it really fits the purposes it was conceived for, and 
identify possible areas of improvement and collect information from the people that 
benefit from the application. 

In the case of real-time applications, three tools help the review process, two of 
which are used in prior stages. 

• Fly on the Wall 
• Narration 
• Surveys & Questionnaires 

4 Methodology applied to a real-time application 

Once the methodology was defined, we applied it to a real project in order to validate it. 
The target was a real-time simulator for training operators in concrete spraying [18]. 



This application simulates the tasks involved in effectively and safely spraying 
shotcrete and was developed with the collaboration of the Santa Barbara Foundation 
(FSB), a training centre located in Spain. 

FSB started the first stage, Define, by providing us with a brief with all the 
requirements of the project. 

After that, the rest of the methodology described in the previous section was applied 
to obtain the necessary information for the development of the application (Table 2). 

 
Stage Tool Information obtained 

Ex
pl

or
e 

Social Network 
Mapping 

Different levels were not identified in the activity. 
Nonetheless, we found it necessary to set different levels 
of learning in the application for the operators to gain 
different skills step by step. 

Surveys & 
Questionnaires  

Several interviews were conducted with different operators 
to learn about how they use the machine, their work and 
the environment. 

Rapid  
Ethnography 

Operators in FSB were open to explaining how the 
machine works and how it is handled. The information was 
recorded and analysed. 

Cognitive Maps 
& Behavioural 
Mapping 

Thanks to these two tools, we learned about the possible 
scenarios in concrete spraying and about how the operators 
position themselves to perform their activity. 

Error Analysis This work was facilitated by FSB based on their 
experience. They gave us a complete dossier with all the 
possible breakdowns and incidences. 

Id
ea

te
 

Behavioural 
Archaeology 

Thanks to behavioural archaeology we learned that, due to 
the difficult, dirty and dusty environment while spraying, 
special protection must be worn and that other objects, 
apart from the machine controls, are difficult to use. 

Fly on the Wall Our team took the opportunity to observe the operators in 
real situation to obtain additional information about the 
activity. 

Try it Yourself People on our team were able to test the machines that 
FSB uses. Thus, we learned first-hand how to operate them 
and how to use them to obtain perfect results while 
spraying. 

Pr
ot

ot
yp

e Error Analysis Following the evolutionary approach for prototyping, 
different betas of the application were shown to FSB and 
tested to identify all the possible errors within it. In 
addition, these tests helped FSB find things that were 
missing in the application.  



C
ho

os
e 

&
 

Im
pl

em
en

t Activity  
Analysis 

With the help of FSB and the observation, our team 
divided the activity into smaller tasks and steps. We also 
identified the devices involved in each step and thoroughly 
analysed their functioning. 

R
ev

ie
w

 

Fly on the Wall After the application was developed, thirty-five people 
(trainers and trainees from FSB) tested the application. Not 
everyone did all the exercises but all the exercises were 
performed at least once. 

Narration During the tests, people were encouraged to narrate their 
experience. The information was recorded and 
subsequently analysed. 

Surveys & 
Questionnaires 

The last tool used in the post-development stage was a 
questionnaire prepared by our team. The thirty-five people 
completed the questionnaire and the information was 
subsequently analysed. 

Table 2. Methodology and tools applied to the concrete-spraying project  

5 Results 

After applying the methodology described above, a shotcrete machine simulator [19] 
was developed that fit the requirements and the results of the entire Design Thinking 
process. 

5.1 Simulator description 

The goal of the simulator was to offer a detailed course for learning to spray concrete. 
For this purpose, all the possible scenarios where the concrete spraying machine is used 
and all the possible ways to use it were simulated. 

The visual environment of the simulator took into account multiple factors such as 
shadows, light refraction, water effects, and so on. The sounds that accompany the 
activity were also simulated to enhance the experience. 

To accurately reproduce the interaction with the machine in real life, a device with 
two joysticks and eight buttons controlled the simulator, thus emulating the real controls 
of the machine. 

Three levels of training were established: basic, intermediate and advanced. This 
addresses what we observed during the Explore stage using the social network mapping 
technique. 

The computer automatically evaluated the exercise. For those aspects that the 
computer could not evaluate, an instructor needed to be present to take notes on those 
aspects. 



5.2 Review Stage Questionnaires 

As we stated in the Review stage, questionnaires were given out to evaluate: 

• Interaction with the simulator 
• Realism of the simulator 
• Teaching capacities 

There were ten questions that respondents rated on a five-point Likert scale. Thirty-
five people were given the questionnaire, and the results of the questionnaire were 
subsequently analysed to obtain the data in Table 3. 

 
Question Median Mean SD 

To what extent do you feel that the interaction 
with the virtual environment is natural? 

4 3.77 0.57 

How similar are both experiences: spraying with 
the simulator and spraying with real machinery? 

3.5 3.55 0.74 

How realistic is the way that shotcrete adheres 
to the surface? 

4 3.58 0.82 

How realistic is the modelling of the rebound 
effect? 

4 3.69 0.69 

How realistic is the modelling of cohesion 
failures? 

4 3.8 0.69 

To what extent is training with the simulator 
more comfortable than training on-the-job? 

4 3.95 0.87 

How would you rate your motivation while 
performing the training exercises? 

4 3.95 0.84 

How would you rate the training capacity of the 
shotcrete model? 

4 3.9 0.74 

Table 3. Results of the questionnaire 

6 Conclusions 

Design Thinking has shown itself to be an effective methodology for the design of 
interactive real-time applications. 

Following a specific methodology and choosing the correct and most suitable 
techniques for this kind of project, we balanced the needs of the users, the requirements 
of the project, the needs of the company developing it (FSB in our particular case) and 
the technologies available for this tool. 

Currently, we are working on applying this methodology to new projects. Many of 
these projects are related to virtual reality applications. 

Furthermore, according to the questionnaire results listed above, we see that the tool 
has been validated and enjoys wide acceptance among users. 



We also validated that the prototyping method we used was correct and suitable for 
these kinds of projects. The prototype gave us valuable information at every iteration, 
until the final product was released. 

Again, Design Thinking proves that its creativity-based methodology can be of use 
for any kind of project. Design Thinking also makes it clear that creativity is not only an 
isolated spark but also a whole system that can bring important results. 
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Abstract 
In recent years, Virtual Reality (VR) applications have become 
increasingly important in different fields such as education, training, and 
health. 
 
Correctly designing these applications ensures that they will fulfil their 
objective as initially conceived and that users will experience them as if 
they were real. The successful design of VR applications depends on two 
important concepts: immersion and presence. These concepts are related 
since immersion can help achieve presence, but neither of them is easy to 
achieve. While immersion is easier to develop because it can be 
measured and attained by improving the technologies used, the concept 
of presence is more abstract. Although presence is helped by immersion, 
how the person experiences the VR Environment plays a major role. 
 
We in the Design Area at Tecnun, the School of Engineering at the 
University of Navarra, believe that Design Thinking, with its user-
centered approach, can help find a way to achieve presence and thus 
ensure that VR applications become helpful experiences that also appear 
real to the users. A methodology based on Design Thinking and a 
selection of design tools can help us understand our users so as to ensure 
that immersion and presence are reached. 
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