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This master thesis is a case study, in the experience industry, of prototypes in the
early stage of the innovation process – the front end of innovation. The innovation is
augmented reality (AR) that adds digital made graphics or information in the user's
environment. To answer the research questions and to fulfill the purpose of this
thesis, which is to gain an understanding of the role of a prototype in an innovation
process, a prototype was created. The designing tools used for developing the
prototype were brainstorming and storyboarding. The prototype presents a concept
of using AR-glasses at an ice hockey venue. A workshop was carried out for
evaluating the finished prototype, using the "thinking hats"-method. The conclusion
of this study is that a prototype can be used as a starting point for further creativity
by creating a common perspective of a technology at the front end of innovation.
Further on, it was discovered that a prototype can be good to use earlier in the
innovation process, to accelerate the process. In the process of designing the
prototype, it was shown that the creation is iterative, rather than linear.
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Sammanfattning
Nya idéer om innovationer och framtida produkter kan vara enkla att komma på men
processen att sätta dessa på marknaden är fylld med risk och svåra val. Processen att
finna en bra teknisk innovation är en balansgång mellan teknik och människa.
Balansgången är komplex då ny teknik konstant utvecklas och denna ska anpassas till
att vara användbar för människan. Innovationen ska även vara anpassad till marknaden
för att kunna bidra till ekonomisk vinning. Vidare strävar företag efter att skapa en
produkt som kan generera en positiv upplevelse hos sin användare. Därav har design
blivit en viktig del i processen för att skapa en framgångsrik produkt. Under det tidiga
stadiet av innovationsutveckling, front end of innovation, är det essentiellt att definiera
problem och hitta lösningar. Detta då innovationer i front end of innovation kan vara
främmande och ännu inte är ett vedertaget begrepp. För att kunna gå vidare i processen
att skapa en verklig produkt behövs en gemensam utgångspunkt och definition av
innovation. Detta för att skapa förståelse och bidra till en gemensam målbild för den nya
produkten.
Augmented reality (AR) utvecklades som begrepp på nittiotalet, men försök till
användning av konceptet fanns redan på femtiotalet. Idag har tekniken gjort så pass
stora framsteg att AR förutspås att bli en viktig del i det framtida samhället, både för
företag och privatpersoner. "Augmented reality" kan på svenska översättas till "förstärkt
verklighet". Denna digitala förstärkning av verkligheten kan hjälpa att förenkla
användarens arbete och förgylla vardagslivet. Redan väletablerade produkter som
använder sig av AR är mobilapplikationerna Snapchat och Pokémon Go. Ett
affärsområde som också har börjat implementera AR är upplevelseindustrin. Accedo, ett
företag med kopplingar till upplevelseindustrin, anser AR vara en intressant teknik för
att eventuellt bli en produkt som deras verksamhet kan erbjuda sina kunder i framtiden.
För att närma sig en ny teknik och innovation är första steget att definiera vad
innovationen är, vilka delar den utgör och vilket problem den löser och varför.
Sportevenemang ingår i upplevelseindustrin vilket har ett annorlunda kärnvärde än
andra industrier. Vad en kund är villig att betala för inom upplevelseindustrin är inte en
produkt eller tjänst, som är fallet i andra branscher, utan en upplevelse som kan skapas
med hjälp av produkter eller tjänster. Inom sportindustrin är kärnvärdet uppbyggt kring
en tävling eller match, men vad som kan bidra till en bättre upplevelse är miljön och
stämningen omkring.
Då denna studie är i skärningspunkten mellan upplevelseindustri och teknisk innovation
har teorier relaterade till dessa områden använts. Syftet med denna studie är att finna
kunskap om innovationsprocessen genom skapandet av en prototyp. Vidare är syftet att
genomföra fallstudien av en hypotetisk AR-produkt inom upplevelseindustrin.
Resultatet blev en prototyp som visar hur AR-glasögon skulle kunna användas på ett
sportevenemang. Ett annat resultat är att en gemensam bild av AR har skapats inom
ramen av fallstudien. Slutsatsen för denna studie är att prototyper spelar en roll i ett
tidigt skede av en innovationsutvecklingsprocess. Den skapar en utgångspunkt för
diskussion och vidare kreativitet. Studien påvisar att processen att skapa prototyper är
av en iterativ karaktär. Slutsatsen inkluderar även vikten av att evaluera alla iterationer
och den slutgiltiga versionen av prototypen.
I denna kvalitativa studie används litteraturstudie, semi-strukturerade intervjuer,
brainstorming, storyboarding och workshop som tillvägagångsätt. I litteraturstudien

undersöktes AR och upplevelseindustrin. Intervjuer gjordes med anställda på Accedo.
Brainstorming och storyboarding användes som verktyg i designprocessen av
prototypen. Workshopen gav underlag för utvärdering av prototypen och utgick från
Edward de Bonos thinking hats-metod. Sammanfattningsvis är denna uppsats en
fallstudie över rollen för en prototyp av en innovation i början på innovationsprocessen i
ett upplevelseindustrisammanhang.
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1. Introduction
Innovation and new technical solutions are the eminent factors impacting the economy
and financial development in the world. This has been studied carefully and thoroughly,
which has led to companies putting in more thought, effort, and resources to the
innovation process (Booz, Allen & Hamilton, 1982; Urban & Hauser, 1993; Cooper,
2001; Ulrich & Eppinger, 2011). However, the innovation process is expensive and
risky for the companies (Gassmann & Schweitzer, 2014). Therefore, in the early
development stages of every new product, a cautious approach should be applied. This
would indicate the urgent need for sufficient prototyping. Prototyping is a less
expensive version of the planned product but still has the capability to communicate the
features and generate the feeling of the future product when using the prototype version
(Beaudouin-Lafon & Mackay, 2003). This means the process of developing a prototype
is a crucial part of developing a new product and is why it is interesting to study. This
thesis focuses on the early stage of innovation and the role the prototype has in the
process.
Augmented reality (AR) is predicted to become mainstream within ten years. The
evolution of the technology is the result of improvements regarding machine learning,
smartphones, and cameras to mention a few. AR allows the user to see digital overlays
onto his or her surroundings through a technical device such as mobile phone or ARglasses. These overlays can be 2D/3D graphics, information and other visual
enhancements. The touchscreen revolutionized the world of technology in the last
decade. AR could soon become the next "touch screen", or more specifically, a person's
future multi-touch main screen (Evans, 2018). AR is expected to innovate many
different fields. For instance, in medicine, surgeons could use AR-glasses to be assisted
by real-time visual assistance models during a surgery procedure (Richardson, 2017).
Another field could be in the manufacturing industry where operators need to assemble
hundreds of components in a precise sequence as quickly as possible. Instead of relying
on outdated manuals the operator could be guided by AR based applications (Wright,
2017).
The experience industry differs from both product and service-driven industries. The
core value in the business of experience industry is the experience indirectly created by
the combination of products and services. Movies, arts, traveling, sports, theater, music
is part of the experience industry (Gustafsson, 2008). Accedo is a global company with
the main office situated in Stockholm. At this moment the company is disposed to
evaluate the potential of using AR in a new product and its possible business value for
the company (Björkén, Interview 1, 2018). Accedo's core business is to develop and
provide software solutions to video service providers such as Netflix, HBO, and Disney
among others (Accedo, 2018). This thesis is based on a case study of innovation
development in collaboration with Accedo and was an initiative from the innovation
team at the company’s Stockholm office. The case study involves creating a prototype
of using AR in the experience industry. By recognizing AR as an innovation in the early
stage of the innovation process, knowledge about innovation process through
prototyping can be gained.
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1.1 Purpose
The purpose of this study is to understand the role of a prototype in an innovation
process. To do so, a case study in experience industry is carried out. The purpose of the
case study is to create a prototype portraying the use of an AR-product at a sports arena.
The goal of the prototype is to study the collected inputs and reactions, through an
evaluation of the prototype, to gain further knowledge about the innovation phase –
front end of innovation.
1.1.1 Problem Statement
Accedo considers beginning a development process of a new product with AR and
wants to explore new possible user cases and business opportunities. Front end of
innovation is a risky phase of the innovation process that can lead to a new product that
could bring revenue or an unsuccessful try that instead would cost resources. How to
approach the new technology is the first choice for starting the innovation process, that
is the issue studied in this thesis.

1.2 Research Questions
❑ In the context of the case study on AR, how can a prototype be developed?
❑ How can a prototype contribute to gain further knowledge about technological
innovation?
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2. Theory
The role of a prototype in the innovation process will be studied with following
theories: innovation process, front end of innovation, prototyping, and Edward de
Bono's thinking hats. How these different theories interplay with each other in this
thesis will be presented at the end of this chapter.

2.1 Innovation Process
Every technology goes through different stages in its lifecycle. The process of
innovation can be divided into three phases: front end of innovation, new product
development, and commercialization (Koen et al., 2001). Front end of innovation also
called the fuzzy front end, is a crucial part of the start in new product development and
innovation process (Koen, Bertels & Kleinschmidt, 2014). Front end of innovation
involves actions to explore new technologies or/and markets for new products (Koen et
al., 2001). The new product development starts right after the front end of innovation. In
comparison to the front end of innovation, new product development is goal oriented.
Development of prototypes and testing are included in the new product development
stage (Khurana & Rosenthal, 1998). After the new product development phase is the
product ready to enter the market and be commercialized (Deppe et al., 2002).

Figure 1: Three Stages in the Innovation Process (Own depictions (Khurana &
Rosenthal, 1998)).
2.1.1 Market Pull & Technology Push
Technology-based business-to-business (B2B) companies are often more affected by
new technology. In contrast to B2B companies are the business-to-costumer companies
are more affected by the needs of the end-user and the changes in the market (Brem &
Voigt, 2009). Generally, new innovations emerge from two different sources, called
"market pull" and "technology push". When innovators seek an innovation to fill a need
or solve a problem for the end-users, defined by the end-users, the innovation has come
about from the market pull. When an innovation instead is created from innovators
doing research and the goal is to come up with a product to put on the market, then the
innovation has come from technology push (Schoen, 1967). AR researchers stress the
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importance of taking both technology push-factors as well as market pull-factors into
account for success in a company (Lee, 2003 & Freeman, 1982).
2.1.2 Incremental Innovation vs. Radical Innovation
Technology push creates a need that did not exist with the end-user before. In this sense,
Gerpott (2005) describes incremental innovations as a result of market pull and radical
innovations as a result of technology push. The difference between a radical innovation
and an incremental innovation is the level of change it brings in the usage of an
innovation. A radical innovation looks or works in a different way than innovations
before. The change such innovation brings is big enough to change the system or
infrastructure that products and solutions have been a part of. An incremental
innovation might be more of an improvement or adjustments to an existing product or
process (Schilling, 2013).
The lifecycle of technology goes through different phases. From the innovation phase,
product development to the diffusion on the market, and then the technology comes to
the point when it gets replaced with a new technology. The S-curve of technology
performance describes the limitation of technology as well as the lifecycle of
technologies. On the x-axis and the number of resources that have been invested in the
technology development on the y-axis, the plot takes the shape of an "S" (Garud &
Rappa, 1994). The comprehension of change the radical or incremental innovation bring
also reflect the difference in their lifecycles. An incremental innovation creates changes
in an already existing product lifecycle or S-curve, while a radical innovation creates a
new lifecycle (Garcia & Calantone, 2002).

Figure 2: Double S-curve over innovation lifecycle (Own the depiction).

2.2 Front End of Innovation
Companies and organizations are aware of the importance of finding new methods and
paradigms to provide existing and new markets with new and/or modified products and
services (Ansoff, 1965). Front end of innovation can be described as: “the fuzzy zone
between the time when the opportunity is known and the time when a serious effort is
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devoted to the development project” (Gassmann & Schweitzer, 2014). Front end of
innovation is also called to be the weakest link in product innovation (Khurana &
Rosenthal, 1998).

Figure 3: Description of the first phase of an Innovation process, The Front End of
Innovation (Gassmann & Schweitzer, 2014).
The early stages of innovation imply higher risk and uncertainties than in later stages.
Managing front end of innovation is to maintain a balance between creativity and
systematization. Well-defined innovation processes would kill creativity while the lack
of defined processes would result in inefficient performance in the front end of
innovation (Gassmann & Schweitzer, 2014). Front end of innovation phase can be
divided into four stages (Deppe et. al, 2002):
•

Preparation of the idea generation

•

Idea generation itself

•

Idea screening/evaluation

•

The first concept

2.2.1 Idea generation
Throughout the literature, idea generation is often mentioned as brainstorming (Girotra,
et al., 2010). The first published books that mention ‘brainstorming’ were: How to think
up (1942) and Applied Imagination (1963) by Alex Osborn (Byron, 2012). Creativity
can emerge from anyone only if the climate is formed to nurture creativity and
brainstorming can be the tool to generate new ideas and solutions to problems (Byron,
2012). The idea generation stage is the process to generate ideas for a new product with
a good fit for the company and the company's objectives. It should conduct the birth, the
development, and maturation of an idea that is concrete (Bhuiyan, 2011). Brainstorming
is a commonly used method to generate ideas. The goal of the idea generation process is
5

to assemble several ideas to which the company can choose to be the most promising.
The source of ideas can be multiple (Crawford, 1997). One recommended source is the
customers (Souder, 1987). Ideas can also come internally from the company's
employees or managers or externally from competitors, suppliers, or distributors. New
ideas can also be the result of implementing development and formal researching
(Crawford, 1997). One important factor for success, in the idea generation stage, is to
consider and understand the needs of the market and the customers (Cooper, 1999).
2.2.2 Concept development
To understand theoretical or scientific knowledge the usage of a concept framework is
essential for any discipline. The level of understanding concepts will be followed by
reliability and validity of the concepts. Concept analysis will therefore serve an
important role in identifying strength and weaknesses with the concepts (Botes, 2002).
Concepts serve as a lingual framework and symbolic tool to categorize or classify
reality, which is crucial for researchers' work when trying to explain the phenomenon
they study. There are two types of meanings: connotative and denotative meanings of
concepts. Denotative meaning of concepts can be explained as the empirical indicators
or the reference of the concept. This system of denotations of a concept is to define an
instrumental tool to measure the concepts. Connotative meaning can be explained as the
attributes of concepts. The essential attributes play a big role when trying to define the
theoretical framework of concepts. There are two distinguished different use of
connotations: subjective and conventional connotations. The difference between the two
is that a subjective connotation is the meaning an individual has defined for a word and
is connected to the mindset the individual possesses. Furthermore, is the conventional
connotation instead of the assumed or accepted meaning that has been developed and
agreed upon for easier communication (Mouton, 1996). Concept analysis involves
exploring, unfolding, and trying to better understand concepts. The reason to do a
concept analysis is for example to develop, delineate, classify, compare, refine, validate,
and correct concepts (Botes, 2002).
2.2.3 Designing in Front End of Innovation
In a B2B firm, design is a crucial competency to possess, when developing both
products and/or services (Bloch, 1995). Design also plays an important role in the
innovation development (Talke, et al., 2009). Bloch (1995) argues design is a
competency, which stretches over several areas of knowledge and therefore is both
inter-disciplinary and multi-disciplinary. The firm needs to possess both
commercializing skillset and technical skillset, and design needs to be intergraded in
both (Sonnenwald, 1996). This argument makes Langerak et al. (2007) as well when he
stresses that the process of designing and developing a new product often involves
engineers, scientists, industrial designers, marketing managers, and market researchers.
Another collaboration constellation with the end-user regarding design is the co-creative
design. Co-creative design in B2B corporations is important since it reflects costumer
customization, emphasize recognition, and can strengthen the brand image of the
company (Pesämaa et al., 2014).
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2.3 Prototypes and Prototyping
Prototyping is defined as “the practice of building quick, inexpensive and rough study
models to learn about the desirability, feasibility and, viability of alternative value
propositions and business models” (Osterwalder et al., 2014). Brown (2009) points out
how creating a prototype accelerates the result from an idea and at the same time
assures that the developing teams have a shared understanding of what goal to achieve.
Prototypes are often perceived as a finished model of a product close to production, but
a prototype can also represent earlier stages of a product e.g. paper sketches (Brown,
2009). Regularly, similar but not identical materials to the real product are used to make
prototypes. This gives a result not exactly the same as the final result, but close enough
to let the designers see if it will work or not (Hackney Blackwell & Manar, 2015). A
prototype does not necessarily have to be a physical artifact. It can also be simulated by
a video or a digital animation portraying how an as-of-yet un-designed product and
service could work (Luchs et al., 2015). A good prototype supports creativity, helping
the developer to produce ideas and explore the design domain. It encourages
communication by being a center point for discussion and interaction between
designers, engineers, managers, software developers, customers, and users. They also
permit early evaluation and the possibility to be tested in various ways (BeaudouinLafon & Mackay, 2003). Using prototypes does not guarantee to represent the intended
focus on a problem since users or developers can misinterpret it. Also, the process of
prototyping can get out of hand and become costly and time-consuming (Rapids
Reproductions, 2018). Elveruma, Welo, and Tronvoll (2016) present the use of
prototypes in four different areas: engineering design, human-computer interaction,
design thinking, and software development.
2.3.1 Prototyping through Design Thinking
Design thinking aims to tackle wicked problems (Lindberg et al, 2012), problems where
neither the challenge nor the way of solution is defined (Plattner et al, 2014). There are
many different methods and models for design thinking, however, something all these
methods have in common is two major phases: identifying problems and solving
problems. Also, design thinking is not a linear process but an iterative process. The goal
is to create solutions to a problem as quickly as possible and not see the result as the
final goal. Instead, design thinking can be used to learn more, develop more refined
insights, and create better solutions (Griffin et al., 2015).

Figure 4: Design Thinking Model (Griffin et al., 2015).
Design thinking consists of rapid prototyping methods in the early stages of designing
process to shorten the prototype-evaluation cycle. This gives a design team the
possibility to evaluate many alternatives and improving the likelihood to find a solution
7

that meets the requirements. How rapid these cycles are, depends on the context
(Beaudouin-Lafon & Mackay, 2003).
2.3.2 Dimensions of Prototypes
Prototypes and prototyping techniques can be analyzed in four different dimensions:
representation, precision, interactivity, and evolution (Beaudouin-Lafon & Mackay,
2003).
Representation
A prototype can be represented in two different forms: offline and online. Offline
prototypes do not need a computer. They include paper sketches, storyboards, cardboard
mockups, and videos. These prototypes are easy, quick, and cheap to produce, which
makes them usually effective in the early stages of the prototyping process. Online
prototypes are made on a computer and often include interactive video presentations,
computer animation, and application made by interface builders. The cost is higher, and
the production requires skillful programmers for implementation. Online prototypes are
preferred in the later stages of the prototyping process and represent an intermediary
between idea and implementation (Beaudouin-Lafon & Mackay, 2003).
Precision
The precision of a prototype indicates the relevance of details in contrast to the purpose
of the prototype. Not all details in the prototype are precise, especially in the early
stages of the prototyping process. The imprecise parts of the prototype are left out for
future discussion or exploration in the later stages. If the process becomes closer to the
final product the level of precision of the prototype increases (Beaudouin-Lafon &
Mackay, 2003).
Interactivity
Prototypes can be either fixed (no interaction), fixed path (limited interaction), or open
(large sets of interaction). Fixed prototypes can be illustrated by video clips or precomputed animations that demonstrate how the interaction may be carried out. Fixed
path prototypes show how the interaction may be experienced only in certain situations.
Open prototypes support large sets of interaction with the system often with limited
error handling and performance in comparison to the real system (Beaudouin-Lafon &
Mackay, 2003).
Evolution
Evolution defines the lifespan of a prototype. Prototypes can be rapid, iterative, or
evolutionary. Rapid prototypes have a short lifespan and for that reason must be
inexpensive and easy to make. They are used to explore different ways of interaction
and then discarded after it has served its purpose. Evolutionary prototypes are iterative
prototypes meant to be part of the final system. For every iteration loop, prototypes
evolve and increase performance or level of design and this process is common in
software development (Beaudouin-Lafon & Mackay, 2003).

2.4 Thinking Hats
Discussions about ideas can be complex and confusing. Facts and images can conflict
with intuition and feelings. Negative feedback can easily overshadow the advantages of
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an idea. To address this challenge, Edward de Bono created the six thinking hats model
(Carl, 1996). De Bono’s model distinguishes six different modes of thinking, each
identified with metaphorical hats of different colors (de Bono, 1985):
White hat

– Facts, figures, and objective
information

Red Hat

– Emotions, feelings, hunches, and
intuition

Black Hat

– Logical negative thoughts, "devil's
advocate," why something will
not work

Yellow Hat

– Logical constructive thoughts,
positive aspects of why something
will work

Green Hat

– Creativity, generating new ideas,
provocative thoughts, and lateral
thinking

Blue Hat

– Control of the other hats, thinking
about the thinking process, directs
attention to other hats to facilitate
"mapmaking" thinking

Figure 5: de Bono’s Thinking Hats (Own depiction).
There are more thinking modes than those represented by the hats, but these are the
most important ones (de Bono, 1985). The reason for having a model with metaphorical
hats derives from the expression “put on your thinking cap (hat)”. The thinker can “put
on” a hat and dive into a certain way of thinking. To be clear what thinking mode is
being used it is only allowed to wear one hat at a time, and by “switching” hats, the
thinker changes into another thinking mode. The artificiality of the hats is what gives
them value since they provide a formal and convenient way to request one another to
think from different perspectives, separating logic from emotions (de Bono, 1985).
The six-hat method can be used in workshops for collecting feedback on ideas, value
propositions, and business models (Ostwalder, 2014). Ostwalder argues the model is an
effective way to avoid endless and time-consuming discussions and gives an
understating of what is good or bad about an idea and how it can be further improved
(Ostwalder, 2014). Even though this method facilitates the process of evaluating ideas
and improving decision making, it has some drawbacks. It requires good facilitation
skills to keep the participants within the different thinking modes (Ostwalder, 2014).
Further on, the participants may not be comfortable in role-playing or prefer to think for
themselves rather than in a group. Lastly, even though the model aims to separate
emotions and beliefs from logic, there can still arrive conflicts between persons that
have different views (Gala, 2014). There are several versions of the six-hat method. For
this study, a method of evaluation was developed with inspiration from de Bono's
thinking hats and is presented in figure 6.
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Figure 6: The Evaluation Workshop (Own depiction).
The main difference is that the modified method only has four hats where the green hat
becomes a moment for open discussion. The blue hat is not presented since that step is
going to be done solely by the facilitators after the workshop. An important reflection
on this workshop method is that the researchers can be stuck in the framework’s set of
questions and miss important knowledge.

2.5 Building a Theoretical Framework
The theories of the innovation process and front end of innovation explain the domain
for this thesis. Idea generation and evaluation, as well as concept generation and
evaluation, are stages of the front end of innovation phase. Prototyping is used as a tool
to concretize the concept developed as a part of this study. Offline prototyping is used
for idea generation. Online prototyping is used for concept generation. The workshop,
based on the thinking hats method, is a tool to evaluate the concept. The front end of
innovation in figure 7 is a summary of the theoretical framework of this thesis.

Figure 7: Theoretical Framework (Own depiction).
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3. Methodology
This study is an action research with a qualitative approach and uses methodologies as
literature study, case study, interviews, brainstorming, storyboarding, and workshop.
The three later mentioned are used as tools for the designing process of the prototype as
a part of the case study.

3.1 Qualitative Study
There are two main categories of studies: qualitative studies and quantitative studies.
Quantitative studies focus on numbers, theory testing, generalization, reliable data, and
are highly dependent on the researcher's point of view. In comparison, qualitative
studies focus on words, theory emergent, contextualization, deep data, and where the
participants' point of view is the focus of the study (Hammersley, 1992). Interpreting the
findings and observations from a qualitative study is important since it makes the
findings valuable when putting the findings in a bigger context. The researcher should
not subjectively interpret but interpret generally. The interpretation is connected to what
theory the study is based on and the problem of its own (Alvehus, 2013). This study is a
qualitative study since the focus lies on collecting inputs and reactions on a created
prototype.

3.2 Case Study
The general idea of a case study is to study a smaller part of a specific system by
delimiting it. The case has an own identity with a different behavioral system than the
bigger one it is a part of. The study focus should lie on the specific conditions for the
case, which makes it special and interesting to study. The goal of any study is to be able
to draw generalized conclusions from the findings. A common critique of case studies is
that they would not generate enough information to make the findings generalizable
(Alvehus, 2013). Flyvbjerg (2006) questions the common critique toward case studies to
not generating adequate information to be able to say something about the system it is a
part of. He also stresses how criticisms can be repeated enough times it becomes true
without questioning and this is the case for many critiques on case studies. Further on,
Flyvbjerg (2006) stresses context-dependent knowledge is central to human learning. In
the human learning process, a person can evolve from a rule-based beginner to become
a virtuoso expert, which is the goal to become as a researcher. A case study is a way to
gain the foundations to develop context-dependent knowledge. One can only become a
true expert when the person can practically engage with the relevant skill (Flyvbjerg,
2006). This means to learn about something in depth and evolve context-dependent
knowledge a practical tool for learning, such as a case study, is the best alternative.
Context-dependent knowledge is even more useful than universals and predictive
theories within social studies since social science has not been able to produce contextindependent and general theories. Formal generalization is overvalued and studies
through examples are underestimated. The most common way to generalize a
phenomenon in science is to do several experiments and if the same outcome occurs
enough times a conclusion and generalization can be made. However, history has shown
that one single and well thought through experiment has generated enough knowledge
to create general information. That is why the chosen method for a study should be
dependent on the problem studied and the circumstances (Flyvbjerg, 2006).
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3.3 Literature Study
A literature study is a tool for the researcher to increase understanding of a subject area,
test a research question or hypothesis, and examine the methodology that forms
important parts of the research (Given, 2008). Most of the literature for this thesis are
articles found in different academic online databases. Media channels such as blogs and
videos have been used to gather information about technology and application related to
AR. These channels might not be regarded as academic sources as desired. However,
they are the best source of information because of their ability to provide latest news
and rumors on new technology, related to AR, ideas, expectations, and reviews from
experts and the public on the topic. There are rapid changes and development in the
business of AR and therefore requires a suitable media for information sharing. Given
(2008) argues that it is up to the researcher to decide what is and what is not relevant
literature to use within research design. As a part of the literature, study seminars were
attended held by Accedo for all their new employees. The seminars gave an
understanding of the company and its structure, the products, and who is responsible for
what function.

3.4 Action Research
Action research allows the researcher to build rich understanding and knowledge about
the process of development and change in the chosen area of study. This is because
action research is a participatory methodology of research. Furthermore, gives action
research a unique access to insider information and knowledge. The model of action
research can be parted into five phases: investigating, introducing, monitoring,
analyzing and reporting (Given, 2008).

Figure 8: Action Research (Own depiction).
Since the authors of this thesis have been highly involved in the process that at the same
time been studied, this study is an example of action research.

3.5 Interviews
Interviews can be done in both qualitative and quantitative studies. Interviewing as a
method is particularly useful when it comes to qualitative studies. Since the focus of a
qualitative study is to understand humans and therefore can feelings and motives of
actions come forward through conversation (Alvehus, 2013). There are two main
categories, which fall under qualitative interviews: unstructured and semi-structured
interviews. The purpose of an unstructured interview is to make the participant talk
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freely on a topic set by the researcher, relevant to the study. Often proceeds the
unstructured interview on one single question. The interviewer can ask follow-up
questions on interesting points the interviewee makes regarding the study. The dynamic
of an unstructured interview can be compared to a conversation (Burgess, 1984). The
main difference between an unstructured and a semi-structured interview is that the
latter is based on an interview guide. The interview guide is made up of questions based
on a specific topic the interviewer wants to be answered by the interviewee. The outline
can become dynamic since the order of the answers to the interview guide is not
essential. The semi-structured interview technique makes sure the interviewer will have
answers to all his and her questions and still gives room for new information and
knowledge to emerge from the interview (Bell & Bryman, 2015).
The process of creating an interview guide involves (Bell & Bryman, 2015):
•
•
•
•

Assembling the topics and formulating questions relevant to the interview.
Deciding on what order the questions should be asked.
Reviewing the interview questions regarding relevant and sufficient language to
the interviewee and subject. Do not ask leading questions.
If needed, revise the interview questions.

The interviews held for this study were all roughly one hour long and were all held at
the Accedo office in Stockholm. Table 1 summarizes all the interviews made in this
research.
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Table 1: List of Interviewees
INTERVIEW
REFERENCE

NAME

JOB TITLE

DATE

OUTCOME

INTERVIEW
1

Niklas Björkén

Director of
Innovations

5th of February 2018

General information about Accedo,
innovation team and AR.

INTERVIEW
2

José Somolinos

Senior UX1
Product
Manager

7th of February 2018

How to innovate with AR and the
importance to think new and big, and
not worrying too much about the
technical aspects.

INTERVIEW
3

Diego
Hernandez

UX Designer
Manager

16th of February
2018

The importance to consider the
perspective of the user for a successful
product, not falling in love with your
ideas and using low fidelity
prototypes.

INTERVIEW
4

Bleuenn Le
Goffic

Business
Development
Manager

27th of February
2018

How to find partnerships with other
companies regarding new products
and the importance to find new user
cases to create business opportunities.

3.6 Designing Tools
In the designing process of the prototype, two main tools for designing were used.
Brainstorming was used in the early stage to come up with ideas and storyboarding
made the details in the ideas more concretized. A workshop was developed and carried
out to evaluate the prototype.
3.6.1 Brainstorming Sessions
Brainstorming includes inventing, thinking, developing, imagining, and organizing
(Given, 2008). Osborn (1963) refers to brainstorming as “…using the brain to storm a
problem.” This method is used to generate as many ideas as possible regarding a certain
matter. It is important to stimulate the creativity process and avoid evaluation during
brainstorming sessions since it can hinder creativity (Heskes & Partners, 2018).
In this study, brainstorming has been a tool in the designing process of the prototype.
Two brainstorming sessions were held accordingly to table 2.

1

User Experience
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Table 2: Brainstorming Sessions
GOAL

DATE

BRAINSTORMING
SESSION 1

Come up with
different types of
sports and
features

8th of
February
2018

BRAINSTORMING
SESSION 2

Feedback from
Design/ UX-team

2nd of
Mars
2018

PARTICIPANTS

OUTCOME

The authors of
this thesis

Four sports from the
Winter Olympics with
different features
depending on the
venue – at the event or
streaming.

Design/ UX-team
(about twenty
persons)

Feedback on the idea
about demo video and
brainstorming about
improvements.

3.6.2 Storyboarding
Storyboarding was first used as a practice in communities that develop movies,
television, and other kinds of animations (Hart, 1999). “A storyboard is a short
graphical description of a narrative” (Truong, Hayes & Abowd, 2006, p. 12). By
visually capturing essential social, environmental, and technical factors to shape how a
product can be used in a certain context, storyboarding is a useful tool in the early stage
of the designing process. It is a qualitative way of research to study both behavioral and
attitudinal perspective of the user (Martin & Hanington, 2012). As a complement to the
visual narrative, text can be included in the storyboard. The text can take shape as a
headline or integrated into the pictures as talking/thinking bubbles or signs relevant to
the event in the picture. Time should only be indicated implicitly or explicitly when
relevant as a feature. The storyboards should only be detailed enough to be understood.
Any more detailed could become a distraction from the main point of focus of the
storyboard and would therefore also be waste of the designer’s time (Truong, Hayes &
Abowd, 2006).

Figure 9: Storyboarding (Wikström, 2013).
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Figure 9 shows how storyboarding is within the interaction of design thinking,
narrative, and visual thinking and stands for a piece of innovation management
(Wikström, 2013).
Storyboarding was used in this study in the process of designing the prototype. When it
was decided of what sport and what features the prototype would present, the next step
was to plan the course of events for the filming. This was done using storyboarding as a
tool. Storyboarding covered the concerns of what parts of visiting a live sports event
should be filmed and which parts of the game. This made it easy to visualize how to
film to make the prototype look the way it was planned to.
3.6.3 Workshop
Today, the term “workshop” is widely understood, as it has become a part of our
language. Since its formats derive from authentic contexts such as in workplaces, arts,
and politics, the workshop as a concept lacks a clear definition from an academic
perspective (Ørngreen & Levinsen, 2017).
The workshop used for evaluation of the prototype created in this study is a modified
version of de Bono's thinking hats. The workshop took place at Accedo's office in
Stockholm and lasted for 80 minutes. In preparation for the evaluation workshop, a
slideshow presentation regarding the workshop was created and a few days before a
pilot workshop was held with one master thesis student with the design team at Accedo.
From the pilot workshop, adjustments were made regarding timeframe and question
formulations. The agenda for the workshop was divided into two parts. The first part
was a presentation about the purpose of the workshop and information about AR, which
lasted for ten minutes. In the second part, the prototype was presented and detailed
information about the four hats was described. The participants were also informed
about how the evaluation was supposed to be carried out. Post-it-notes were used for the
participants to write down their reflections on. There were five participants present and
are presented in table 3.
Table 3: Workshop Participants
PARTICIPANTS

DEPARTMENT

SOFIA FRÖJDMAN

Design/UX-Team

MARKUS HEJDENBERG

Business Development

MATTIAS HÖGLUND

Sales Team

LARS NILSSON

Products

SEBASTIAN STUREBORG

Sales Team

The reason for choosing these participants was to have a broad perspective in the
evaluation of the prototype. The specific persons were picked in consultation with
Niklas Björkén, Director of Innovation at Accedo.
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For each hat, the participants had two minutes to come up with reflections about the
prototype and the concept idea it represented. After every reflection session, each of the
participants presented what they have written down for the rest of the group. The
presentation sessions lasted eight minutes for every hat besides the red one that lasted
for five minutes. The time restriction, for each hat, was held to the greatest extent and
overall was the total timeframe long enough.

3.7 Scope and Delimitations
There are different devices in which people can experience AR through. In this case
study, the AR-device used is headsets that allow the user to have a hands-free
experience with AR. Also, this research is limited to only investigate the use of AR in
the context of experience industry, more exactly, arena live sport. Other branches in the
experience industry such as theaters, video games, movies, etc. are not included.
Streaming and watching sports at home is also excluded from this thesis. The focus in
this study lies in the process of developing a prototype and therefore are the technical
delimitations regarding the technology that AR is built on not considered. The theory of
innovation process amplifies front end of innovation and new product development as
two different phases of the process. There is a stage for prototyping development in the
new product development phase, however, is this thesis delimited to study prototyping
in the domain of front end of innovation.

3.8 The Process of the Study
In the early stage of the study process, the work focus lied on gaining knowledge about
the case company, AR, and the applications relevant to AR by doing a literature study.
Parallel to the literature study, planning and execution of interviews with employees on
the company was carried out. The benchmark to work from was formulated by Accedo
as: "The application of augmented reality in video streaming" at the beginning of the
study. With the gathered knowledge of AR, a focus could later be defined to
conceptualize the use of AR. The result was a prototype representing a possible ARproduct. The prototype was later evaluated by different expertise. Lastly, the results of
the designing process and evaluation workshop were analyzed to make conclusions and
became the foundation for this thesis. A summary of the study process can be seen in
figure 10.

Figure 10: The Process of the Study
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4. Experience Industry
This case study is in the context of the experience industry. In this chapter an
explanation of the most important characteristics of the industry will be explained and
how it is different from other industries.
The experience industry (also called creative industry or cultural industry) has been
developed to become an industry with a different core value than other traditional
industries. This means the companies in the experience industry have developed their
organizations and businesses to be adapted to a different core value (Gustafsson, 2008).
The core value in the experience industry is the impressions and feelings the customer
perceives. The experience affects the body and mind to reach the emotional, physical,
and mental state with the user. A paid for experience is not a physical product or a
service but the experience the service and product produce and generate from symbols,
ideas, information, dreams, conditions, and feelings (Ibid). The experience industry
involves cultural, artistic, or entertainment events or productions (Caves, 2002). Caves
(2002) argues that there is an uncertainty of the demand for creative products. This is
because of the nature of the product since it is the subjective opinions of individual
consumers that grade the product as good or bad. The same goes for any type of product
in the experience industry. Gustafsson (2008) also argues companies in the experience
industry often struggle to come up with ideas for new business cases since the
companies easily stay in already established trends.
In the experience industry the user does not pay for receiving a physical product or
service, instead, the user puts in time and money to be a part of an experience (Holbrook
& Hirshmann, 1982; Mossberg 2003). This changes the fundamental way of logic in
business regarding the experience industry. The value for the user is built on the
memories, feelings, stories, and mental states an experience generates, which companies
must take into consideration. The experience is generated by the conceptualization of
time and space, an entire process from start to finish. This means the experience will be
the output when services and products are the input. One bad experience of a part of the
experience product could lead to making the value of the entire experience decrease for
the user. The social aspects and dimensions are also important for generating a good
experience for the entire experience (Gustafsson, 2008). The experience industry creates
through a coherence of both physical and abstract factors, in the frame of a context. The
physical factors could be the location an event takes place, for example: at an arena, a
museum or other material objects such as: instruments, machines, and other equipment.
The abstract factors could be the atmosphere and the feeling of being part of something
bigger. To succeed with an experience product both physical and abstracts factors need
to be coherent, which leads to the importance of the interaction between the consumers
and the producers (Ibid). The interaction is based on mutual dependence between
consumers and producers engage with each other, which is an iterative process during
the experience event (Gupta & Vajic, 2000). Co-creation or co-production emerge
between actors involved in the experience event and will also be a contributory factor to
the abstract dimension of the experience (Ramirez, 1999; Prahalad & Ramaswamy,
2004). An example of this is the effect a big and/or engaged audience has on a sports
game or concert. The holistic experience of the consumer involves many parts and
factors. It is a system with processes and actors that engage iteratively in a certain
context and is limited with the aspects of time and space (Gustafsson, 2008).
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Innovation and technology add another dimension to the creative/experience industry
(Hartley, 2005). Hartley (2005) stresses that technology and globalization have changed
the way experiences are distributed, produced, and presented. The experience industry
needs to see “consumption as action, not behavior” (Hartley, 2005, pp. 24). This leads
to a change in how technical/creative companies market their innovations. Instead of
filling the need of a consumer, the companies develop a product that creates a need for
the consumer. Innovation and risk are inevitable and necessarily success factors for
creative companies (Ibid).
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5. Augmented Reality
The following chapter will bring up what AR is and what the market has to offer
regarding AR. In the last part of the chapter will present three of the interviewees and
their reflections on AR.
AR is similar to virtual reality (VR) whereas the latter one immerses the user in a total
virtual world. In contrast to VR, AR recognizes the surroundings and amplifies the
interaction with the real world through computer-generated layers of visual and/or
auditory enhancements (Kipper & Rampolla, 2013). Merriam-Webster Dictionary
(2018) defines AR as: "an enhanced version of reality created by the use of technology
to overlay digital information on an image of something being viewed through a device
(such as a smartphone camera); also: the technology used to create augmented reality".
AR-applications are developed in mobile devices such as mobile phones, tablets and
lately also glasses or headsets (Augment, 2015).
The attention to AR is growing because of improvements made in hardware and
software. In March 2016, Microsoft released AR-glasses called the HoloLens for
developers and can be purchased at a price of $3000 (Martin, 2017). Another expected
product is Magic Leap’s AR-glasses, Magic Leap One: Creators Edition. The company
is aiming to release Magic Leap One in early 2018 along with a developers' kit. The
price will be around $1000, which is in the same price range as a high-end mobile
phone. In other words, those AR-glasses will be affordable for regular users in a near
future (Osborne, 2018). Magic Leap and HoloLens have not yet reached the end users'
market, but mobile devices are already widely spread (Liffreing, 2017). In September
2017 Apple released both a developer’s kit, ARKit to develop AR-applications and a
new operative system iOS 11 for its mobile devices that supports AR (Broussard, 2017).
Google's ARCore was launched in early 2018 for developers to create AR-applications
on Android platforms (Robertson, 2018). Having both Apple and Android developing
applications with AR will accelerate the private use since the variety of options increase
and as well as the quality of the applications. One of the first noticeable developments
with ARKit is IKEA’s “Place”. Place lets the user choose from 2000 different 3Dmodeled furniture and place them into their real home environment (Liffreing, 2017).
ARtillry is a blog forum spreading news and statistics about the development of AR and
VR in the business world. The founder of ARtillry is the journalist and career analyst
Mike Boland, with the goal to provide analytics, guidelines, and strategies about the
opportunities AR and VR bring. Business and technology are the two main perspectives
used in the analysis. The blog forum uses multimedia to broadcast its content, with both
social media and videos (ARtillry, 2018). AR is mostly used and known in the
entertainment industry through games as, Pokémon Go, and social media applications
like Snapchat. While these kinds of applications seem gimmicky, they produce business
value by blending real products with virtual overlays, which can enhance the experience
of physical objects and make them more understandable and exciting (Akkawi, 2017).
AR will play a key role in the experience industry, giving many interesting possibilities
for branding products with world building and storytelling (McGrath, 2017). Whoever
who manage to adopt a new technology, in this case, AR, into their business first, will
have a great advantage over their competitors. Early adaptors will have a platform that
enables creative ways of interacting with their customers (Cusanelli, 2014).
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In late 2017, Apple revealed plans on introducing elements of AR into “At bat”, an
application that provides statistics from baseball games in Major League Baseball
(MLB). The expectation of this application is to give people the ability, when visiting
MLB games, to be provided with real-time statistics of the game and players by aiming
their mobile phone towards the field (Medal, 2017; Ortiz, 2017). AR seems to have a
promising future still there are some concerns besides the technological challenges.
During an interview, Keiichi Matsuda explains human culture to be something that does
not change at the same pace as technology. Technology keeps breaking the boundaries
of what is possible while culture moves in unpredictable ways. Therefore, it is important
for designers to reconcile technology and culture. One part is to find a solution to
problems, but it is equally important to expose problems without concrete solutions
(Patel, 2015). There are also some ethical aspects to consider such as anonymity,
hijacking of public spaces, and extreme advertising etc. (McEvoy, 2017). Finally, the
human body and mind are already bombarded with technology through mobile phones
and computers. AR may raise the exposure even more and increase digital fatigue
(Busel, 2017).
Keiichi Matsuda is a designer and filmmaker who created a series of concept videos of
how AR will impact humans in the future (hyper-reality.co, 2016). The most recent
concept is “Hyper-Reality”, a first-person perspective film following a person in the
bus, walking on the street and going to the supermarket, all enhanced with computer
generated graphics, social network feed, advertising, and games (Fisher, 2016).

Figure 11: Pictures from the "Hyper-Reality" video (hyper-reality.co, 2016).
Adapting good design to new technologies takes time. This can be seen when a
paradigm-changing technology has been introduced throughout the time. When the
Internet was new, and newspapers started to introduce their content online, the content
on the web browser was designed the same way as in the paper format. The layout was
inadequate, which made designers to redesign the interface and the way of interaction to
improve the online newspapers. The same process happened while migrating content
from desktop computers onto mobile devices. At first webpages looked the same on
mobile devices as in the desktop devices and the user interface (UI) was later redesigned
for a better fit (Somolinos, Interview 2, 2018). By regarding this sequence of
development, Somolinos (Interview 2, 2018), senior UX product manager, argues that it
is crucial to think “outside the box” and try not to get stuck in “old” ways of interaction
and presentation for better transitions between hardware. AR is in a phase where no one
yet has come up with a way of interaction that will work well both for the technology
21

and the users (Somolinos, Interview 2, 2018). Hernandez (Interview 3, 2018), UX
designer manager, stresses that for the moment it is difficult to find content that could
generate user cases for AR. This will require the designer to focus on the user to find
good design solutions. AR has the potential to become more interactive than other
technologies and will open many new design opportunities. In general, to come up with
a good user case with any technology, a designer can take advantage of his or her
personal interests. Though, it must be kept in mind not to fall in love with the first idea
because it could lead to failure. A good way to convey an idea is to present them
through low-fidelity prototypes (Hernandez, Interview 3, 2018).
Somolinos (Interview 2, 2018) explains different ways to portray AR. It can be used as
a “magic bean box” where the user sees the content, for instance, boxing or football,
from a giant’s perspective, looking down on to a small version of the pitch in their
living room. Another way to use AR is to have a “condor view perspective" which
could go well on sports taking place in long distances races such as cross-country
skiing, cycling or sailing. While the race is shown on a screen, the user will be able to
see the map be rendered in front of him or her to see where on the map the race is taking
place for the moment. To incorporate AR with sports it will need a huge amount of live
data from the race or game. AR can also be used to decorate the surroundings of the
user. It can, for instance, set the room with the same setting as the same colors as the
user’s favorite football team (Somolinos, Interview 2, 2018).
Le Goffic (Interview 4, 2018), manager of the business development department,
stresses the importance of finding new business cases for the company. Therefore, it
was decided to make the prototype in a new set Accedo has not yet been involved in, a
live sports venue. If Accedo would want to develop AR-applications, they would need
to convince their existing partners and customers that AR can become an interesting and
profitable business (Interview 4, 2018). Trying to get new partner takes a lot of time and
effort but can also be an opportunity to enter a new market. VR is similar to AR in
many aspects, it was predicted to be a profitable technology, but it has not yet reached
the expectations. Accedo might need to change their core business from video streaming
services to another market to still be successful. A potential change could be to join the
development of AR, which might not necessarily target the video streaming market. For
instance, AR has the potential to be used in manufacturing industry and medicine (Le
Goffic, 2018).
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6. The Designing of a Prototype
In the following chapter the process of designing the prototype will be presented.
There were two main options in which a concept could have been built on relevant to
the experience industry and the case company. One was video streaming, which
includes movies and TV-series, the other was live sports-streaming. The latter
alternative was chosen in consultancy with Niklas Björkén at Accedo. Also, a decision
of making a prototype portraying AR being used through AR-glasses was made due to
the interest in exploring the new hardware.

6.1 Brainstorming
Given that live sports streaming was chosen as the focus of this study, the first
brainstorming session produced four different sports that AR could be applied on. The
four sports were: downhill skiing, ice hockey, figure skating, and curling. The
inspiration for choosing these sports was the, by the time, ongoing 2018 Winter
Olympic Games in PyeongChang. Another choice to make was between using AR as an
extension of the TV where more content could be projected to the surroundings of the
user or as a feature at live sports venues to enhance the experience of the audience in
place. In addition to the four sports were also alternatives of features for the prototype
brainstormed. It was decided to go with ice hockey out of the different sports. It became
a natural choice since many features were brainstormed for that sport. The choice of ice
hockey was also due to practical reasons. The season for ice hockey in Sweden was still
ongoing at the time of the study and therefore it was possible to film at an ice hockey
game. Another reason for the decision was that the researchers of this study possessed
knowledge and interest in the sport. Ice hockey was also seen to become the best
business case since the sport is popular in Europe and North America with many
supporters and viewers.
After the interview with Le Goffic (Interview 4, 2018), the decision was made to create
the prototype in a live sports venue, because of the newly gained knowledge of the
importance to find new business opportunities and markets. The idea of a prototype
portrayed as an AR-product at a live ice hockey game was presented to the design team
in a second brainstorming session and was approved with minor improvements. The
result from this second brainstorming session was the idea to extend the experience of
the "product" to also being useful before and after the actual game. This means that the
user of such product could use AR already at home to get information about a game,
travel assistance to the arena, having AR-features during the game, and post-game
features. Further on, the results from the brainstorming sessions were used to create a
storyboard for a prototype.

6.2 Storyboarding
In preparations for the ice hockey game, where the filming for the prototype would take
place, storyboarding was used. The designing tool was helpful to create a holistic view
of the experience the possible product could generate for the user. It was also used to
make sure every sequence of the game and the venue would be filmed since the
storyboarding created a type of checklist for the game. The checklist involved for
example: finding seats, face-off, goal, offside, and penalty called by the referee. The
23

checklist can be seen in Appendix A. The storyboard was also sketched with simple
drawings for different sequences to make the narrative of the experience visual. The
result was a storyboard of twelve different scenes relevant to the prototype for AR,
which can be seen in Appendix B.
Filming and Editing

At the game, all the points on the checklist were fulfilled except for a penalty shot. The
authors of this thesis tolerated this since there only was one opportunity to film and the
game could not be staged. When the raw material for the prototype was assembled, the
next stage was to edit and add animations that would represent the features AR-glasses
could offer. The prototype was developed with the help of an Accedo employee with
relevant video editing competency. A meeting was held with the people involved in the
development process to ensure that the vision of the prototype was communicated
effectively. Furthermore, a priority list was created with the most important features that
were to be implemented in the prototype. This list was helpful to the employee at
Accedo that would edit and create the graphics in the prototype. Since the list was made
up with detailed information on what feature/graphic every sequence of the video clips
would contain. The priority list was also divided into AR-graphics and UI.

6.3 The Evaluation Workshop
In the final designing stage of the prototype, an evaluation phase also took place
accordingly to the design thinking model. The prototype was evaluated internally in the
company. The method used in the evaluation workshop was the de Bono's thinking hats.
The method is suitable for qualitatively evaluating an idea. The results are shown in the
following chapter.
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7. Results
In the following section, the results of this study will be presented. Firstly, the result of
the designing process of the prototype will be put forward with screenshots taken from
the prototype. Secondly, the results of the evaluation workshop regarding the prototype
will be presented with quotes from the participants.

7.1 The Prototype
The prototype is one and a half minute long. The UI features are: e-ticket, countdowntimer to the start of the game, game rule explainer, scoreboard, and goal-indicator. ARfeatures in the surroundings are: finding seats, team logos, players' names and numbers,
offside highlighter, puck-indicator, countdown timer for players in the penalty box, and
speed of the Zamboni machine. Some features that were listed in the storyboarding
stage were not included due to time and financial restrictions of this project.
The first scene in the prototype shows the outside of the arena. The UI presents an eticket with information about the game such as the team names and logos, date and
place and time until the game starts as can be seen in figure 12. The information on the
ticket is complemented with digital layers that guide the user to the desired destination.

Figure 12: Scene 1
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In the second scene (figure 13), the sign for section A9 is passed at the arena. This is not
the section corresponding to the ticket and therefore a red digital marker appears.

Figure 13: Scene 2
When the user is approaching the section A8, the same blue color that has lit up the way
is framing the sign for that section. The ticket appears again in the UI as can be seen in
figure 14.

Figure 14: Scene 3
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In the next scene, the ticket in the UI is showing the row and seat number for the user
and the number of minutes until the game starts. A colored arrow with the sign "YOUR
SEAT" is hovering over the user's seat as can be seen in figure 15.

Figure 15: Scene 4
In the following scene (figure 16), the logos of the teams are hovering over the players
on the ice rink as AR-graphics. In the UI there is a sign saying "Warm-ups" and a
countdown timer.

Figure 16: Scene 5
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The next scene, in figure 17, is showing the intro for the home team with the team’s
logo and names and numbers of the players entering the ice as AR-graphics.

Figure 17: Scene 6
The following scene is showing the first face-off of the game and can be seen in figure
18. A menu of options and toggles for different features is showing in the UI. The puck
indicator is turned on and the puck is lighting up with a blue color as AR-graphic.

Figure 18: Scene 7
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In the next stage (in figure 19), the referee is calling an offside and the blue line is light
up at the same time that the player who is offside is marked with a red color and a sign
saying "OFFSIDE" appears as AR-graphics.

Figure 19: Scene 8
In the same scene (figure 20), the followed sequence is showing an explanation of the
rule offside in the UI.

Figure 20: Scene 8
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In the following scene one of the teams is scoring a goal and a sign saying "GOAL"
appears in the UI, as can be seen in figure 21.

Figure 21: Scene 9
In the next sequence in the same scene, the scoreboard is presented in the UI, which
figure 22 is showing.

Figure 22: Scene 9
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In the following scene two players from both teams are in the penalty box. The names
and team logos are showing for both players with a timer counting down the time
remaining until the penalty is done (figure 23).

Figure 23: Scene 10
The last scene can be seen in figure 24 and is showing the speed of the Zamboni as ARgraphic.

Figure 24: Scene 11

7.2 The Workshop for Evaluation
The result of each perspective is presented separately and in the chronological order as
in the workshop held. The quotes are what the participants wrote on the post-it notes as
reflections for each perspective. The perspectives of the hats are following: white –
facts, red – emotions, black – difficulties, yellow – opportunities.
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7.2.1 The White Hat
The purpose of the white hat was to make sure everyone participating in the workshop
has the same information about the object that is about to be evaluated. The result from
the white hat was connected to the user experience (UX) and UI in the prototype or the
business case related to the prototype. The comments related to the UX and UI were:
"How does one interact with the toggle on the screen?", "Does the information
mismatch with the information provided to the rest of the audience?", "Will all users be
provided with the same information?", "Will the user get directed to where it should
look?", "How will it not become disturbing?", "How do you navigate?", "How do you
make changes in the menu?", "When does the user put on the glasses, when does the
experience begin?". Comments about the business case related to the prototype video
were: "Why not personalized commercial?", "Who is the target group?", "Who will
provide the AR-glasses?". Other comments were: "More data about the
players/statistics", "Will the puck-indicator really work?", "Are you supposed to use
glasses or tablets?", "Why not more professional statistics, why only information for
beginners, who is the application intended for?", "What can the AR-application do, that
a good commentator cannot?".
7.2.2 The Red Hat
The red hat has the purpose to bring out feelings and emotions with the participants
toward the object that is evaluated. The results of the red hat session were mostly
positive. Examples of comments were: "Cool/impressive", "Fun/happy", "Fun with
statistics", "Happy about the puck-indicator", "Helpful/supportive", "Relief, I don't have
to worry about where I should go", "Helpful – nice", "Weariness when the puckindicator suddenly disappeared", "Want to try it out", "Must-have feeling" and
"Curiosity". The negative comments were: "Some interfering elements", "Intrusive",
"Cool but not that necessary" and "It felt like I wanted to take the glasses off when the
game began".
7.2.3 The Black Hat
The black hat identifys difficulties, weaknesses and risks of the prototype. The
participants considered that AR has many technical obstacles to overcome such as:
"How feasible is it?", "How can such system be free from lag and delay?", "How would
the system identify where to show all the animations?". Also, there were many
questions from a business perspective: "How many would have AR-glasses?", "Is this
another expensive toy?", "Who is the target audience?", "Is it possible to make a
business model without letting commercials take over the whole experience?". Further,
the participants found some issues related to the UX and UI of the prototype as well as
privacy issues: "How will the user interact with the system?", "Is it too much
information on the screen?", "Would AR-glasses with cameras invade privacy?", "How
would the system handle to be hacked?", "Will this technology be adopted by users?",
"Can it cause epilepsy?".
7.2.4 The Yellow Hat
The last hat helpes the participants to find out why the idea is useful and what
opportunities it brings. Navigation in buildings to find seats, friends, food stands, and
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emergency exits were regarded as a good feature. AR would enhance the experience,
both to experienced sports visitors, but also to engage new users in sports by adding
real-time statistics and explanations of different situations of the game. The venues can
also take advantage of the AR features to decorate the arena in the team colors through
digital layers to improve the team spirit of the audience. Quotes representing the
reactions for the yellow hat were: "Can this concept be used by venues to up/cross sell
other products?", "I can start going to sports events! (and watch movies during the
game)", "More interesting experience to moderately interested users", "Adds value to
the experience. e.g. other games, game advantage, fastest player, hardest shot, statistics,
betting, odds", "Immersive experience.", "Very immersive experience where the user is
served the info he or she wants, whenever, without effort.", "For everybody.",
"Inclusive experience to people who else would not understand or be interested",
"Facilitates navigation (in venue)". The participants could see that the experience can be
extended both before and after the game by using the AR-glasses portrayed through the
prototype. One last question was, "Why does it always have to be sports?" Meaning that
AR would have a bigger impact on other fields such as medicine, farming, and
manufacturing.
7.2.5 Participant Discussion
The workshop ended with a discussion on how to solve black hat problems and how to
develop yellow hat opportunities. The participants could turn around some of the
interaction and usability obstacles by suggesting using eye-tracking or finger motionbracelets. They did also discard the use of voice commands since that technology has
"never been good enough" and the users often do not feel comfortable enough to use it
in public. On business opportunities, some of the participants could see that the main
features of a live sports application could be applied in many different sports with small
adjustments. This would be an advantage to broaden the potential target group
considerably. A possible sponsor was found to be sports betting companies and venues
that want to attract customers with novel technology. A discussion on AR in other fields
grew, meaning that other concepts could be better seen from a humanitarian perspective.
Helping others, in hospitals or manufacturing, would be a better and a smart way to go
if you want to make it a business case that would matter to most people rather than only
in the entertainment industry. To create useful information for AR, improvements in
artificial intelligence would be needed.
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8. Analysis
This chapter will present the analysis of the results. The analysis is derived from the
theoretical part of this thesis, which consists of theories related to innovation process,
front end of innovation, and prototypes.
The theory used in this thesis is regarding innovation process. Koen et al. (2001)
explain the first step in the innovation process to be the front end of innovation. This is
a crucial stage, which involves the exploration of new technologies and/or new markets
for new products (Ibid.). It is important to find new markets for new products,
something companies are aware of (Ansoff, 1965). The purpose of this thesis is to
explore AR within the business of the case company Accedo. The company's customers
are video streaming companies that provide movies, TV-series, and live sports to end
consumers. These products are part of the experience industry since, accordingly to
Caves (2002), includes cultural, artistic and entertainment events or productions.
Creating new products imply high risk and uncertainties in the early stages of the
innovation process and require a good balance between creativity and systematization
(Gassmann & Schweitzer, 2014). In this study, compared to the product and service
industry, the uncertainties are extended due to the nature of the experience industry
where it is the subjective opinion of the individual consumers that grade the product
(Caves, 2002). Gassmann and Schweitzer (2014) define the front end of innovation as:
"the fuzzy zone between the time when the opportunity is known and the time when a
serious effort is devoted to the development project”. This is the case for Accedo, the
opportunity of developing an AR-product is known, otherwise would there be no
incitement for this case study to exist. However, the findings from the evaluation
workshop tell that a serious effort of developing an AR-application is not yet justifiable
from a business point of view, mainly because of the risks that the novelty of the
technology brings. Also, uncertainties about hardware related to the AR affect the
development of such product that also was a result of the evaluation workshop. ARglasses are either expensive and only available to developers, in the case of HoloLens
(Martin, 2017), or not yet available, in the case of Magic Leap One (Liffreing, 2017).
Hernandez (Interview 3, 2018) argues that it is difficult to find good user cases in the
experience industry to make a useful AR-product with the existing technology. The
restrictions of the technology at this moment gives only the possibility to make
applications like Snapchat that gives an immersive and fun experience but does not give
much meaning and usefulness. Today, the possibility of creating an immersive
experience by putting digital overlays in our surroundings can be regarded as if AR
solves a problem, but a meaningful problem to solve is not yet defined. This is a typical
attribute for technology push innovations as innovators do research and the goal is to
come up with a product to put on the market (Schoen, 1967). The experience industry
companies also strive to develop a product that creates a need for the customer (Hartley,
2005). Technology push innovations create a need that did not exist before and Gerpott
(2005) describes the result from technology push as a radical innovation. The change
such innovation brings, is large enough to change the system it is a part of. AR will be
more interactive than any other technology and therefore it will require that designers
focus on the users in the designing process (Hernandez, Interview 3, 2018). In other
words, AR will change the system of designing and how the user interacts with an ARproduct. AR will therefore, in this sense, be a radical innovation and also a result of
technology push. It takes time to create an UI in a new platform and Somolinos
(Somolinos, Interview 2, 2018) exemplifies this by recalling the migration of
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newspapers into the first web browsers. The paper format interface of newspapers did
not fit the web browsers and it took time until more suitable UI was designed (Ibid.).
These insights indicate that it will be inevitable to face the same kind of problems in the
transition from screens to AR-glasses.
From the theory of innovation process, it is known that innovations can come about
from different forces as technology push and market pull as mentioned in the previous
section. AR is a radical innovation because it demands a new way interacting through a
new hardware, the AR-glasses. The hardware in that sense is a radical innovation and
therefore also at the beginning of a new S-curve. This leads to new challenges regarding
designing e.g. UX and UI. The innovation that the curve represents is the successor of
other video related innovations such as television and mobile devices. However,
incremental innovations to improve AR-glasses are still needed. For example,
developer’s tools, such as ARCore and ARkit, are basically the same as the tools for
developing ordinary applications for mobile phones and other devices with screens.
This means that developing software for AR continues an existing S-curve. These
reflections on innovations can be generalized to be either radical or incremental
depending on how you see the innovation and how it can be separated in different parts.
The findings of this study show that AR as a phenomenon is strictly limited to its
technology e.g. hardware. AR itself is only an idea, but together with e.g. AR-glasses it
can fulfill the whole innovation process from front end of innovation to
commercialization.
One way to explore ideas and concepts is to present them through low-fidelity
prototypes (Hernandez, 2018). To explore AR in the front end of innovation, this thesis
is based on a case study of developing a concept and visualizing it through a prototype.
Further, according to Botes (2002), a concept makes it possible to understand
theoretical knowledge. A concept will serve as a lingual framework and a symbolic tool
to categorize and classify a concept in development correspondingly to the theory of
Mouton's (1996). The prototype developed in this thesis also serves this purpose when
trying to explain AR. It has further served as a tool to bring forward the concept of an
idea of using AR-glasses when watching ice hockey.
A prototype is a representation of an idea that assures e.g. developing teams to have a
shared understanding of what goal the idea is meant to achieve (Brown, 2009). Through
the prototype developed in this thesis, a common view of AR and a possible user case
have been presented. The process of designing in front end of innovation is both interdisciplinary and multi-disciplinary since creating such innovation is an act that stretches
over several areas of knowledge (Sonnenwald, 1996). In this case, collaboration
between different expertise areas has been identified to be able to further develop a
product of the prototype. Examples of such areas would be software development, UX,
design, hardware, third-party collaboration for statistical information etc. This indicates
that the process of designing a prototype and a future product with AR, is designing in
front end of innovation.
A concept that has been an inspiration to this case study is Keichii Matsuda's HyperReality video. Hyper-Reality is created from the perspective of the user and shows what
is in the user's surroundings. There are different prototype dimensions that can be
analyzed from the prototype (Beaudouin-Lafon & Mackay, 2003). Making a video
prototype implies doing an online fixed prototype regarding the prototype definitions. In
other words, it is a relatively advanced prototype without any possible interaction with
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the user. Hernandez (Interview 3, 2018) suggested rapid-prototyping to convey the
concept. The benefits from this kind of result are the low cost of production and short
time of development. Still, the prototype can be used to share ideas with enough quality
to be used as a sales-pitch tool.
In this case, the prototype has served to highlight the need of the concept in the
innovation process as the theory section in this thesis tells. However, this has also given
the insight that an innovation can be divided in two parts, the concept of the innovation
and the technology of the innovation. The concept can be seen as the idea of what the
innovation can do and often precedes the technology. This is why a prototype can
become useful to concretize the idea of the concept to later on be developed into a
technology and make up an innovation that can precede the whole innovation process.
In design thinking, identification and formulation of the problem is part of the design
processes (Griffin et al., 2015). It was not realized at first that the developing of
prototype corresponded with the design thinking model. This insight proves that the
nature of a prototyping automatically is formed as an iterative process with two main
phases, problem identification and problem solving. This piece of analysis can be found
in the prototyping process that consisted of three iterations. During the first
brainstorming session several sports were considered to be used with a developed AR
concept (see figure 25). A presentation of features for each sport was created and
presented to the project owner and supervisor Niklas Björkén for evaluation.

Figure 25: First Iteration (Own depiction, Griffin et al., 2015).
After the first iteration the sport chosen was ice hockey and more features were made
up. The environment in which the concept would be played in was defined to be at the
ice hockey arena, as can be seen in figure 26. The refined concept was presented to the
design team through storyboarding that was created, for evaluation in the second
brainstorming session.
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Figure 26: Second Iteration (Own depiction, Griffin et al., 2015).
Together with the innovation team the video for the prototype was filmed and edited.
The last iteration consisted of discovering the parts from the raw material of the filming
that were useful and relevant to the prototype. The next stage was defining the features
in detail and prioritizing them. Further, the prototype was created and evaluated in a
workshop held at the Accedo Stockholm's office, which figure 27 is portraying.

Figure 27: Third Iteration (Own depiction, Griffin et al., 2015).
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As can be seen in the figures above, the process that led up to the prototype can be
regarded as design thinking model accordingly to how Griffin et al. (2015) describes it.
Also, this iterative way of creating the prototype has given more refined insights and
given quick and creative solutions. The theory of front end of innovation states that idea
generation follows by idea evaluation just as concept generation follows by concept
evaluation (Gassmann & Schweitzer, 2014). In this study, the evaluation phase has been
a natural action in the development and designing of the prototype. Evaluation is also a
part of the design thinking model (Griffin et al., 2015). Having a prototype with a small
amount of time and budget has meant that many of the initial ideas have been left out.
Ideas have been omitted because of the difficulty of implementing them into the final
prototype rather than for being bad ideas. An example of this is the idea from the
brainstorming session of aiming to extend the AR-experience before and after the game.
It may be regarded as the produced prototype loses the intended focus, as mentioned in
the theory this is a drawback of prototypes (Rapids Reproductions, 2018). Regardless,
the overall message of connecting live ice hockey to AR is representatively enough as
shown by the results of the workshop.
One factor to keep in mind regarding the process of developing the prototype and this
case study is the role the authors of this thesis had. The authors have been a part of the
developing and designing process and at the same time studying them. This is what can
become problematic with this type of participatory research or action research, that the
researcher is involved in the creating process that also lies as a foundation for the study
(Given, 2008). The objective perspective an academic study strives toward (Flyvbjerg,
2006), can in this case, be questioned. However, the benefit from applying action
research approach on a study is that the researcher can raise specific knowledge on the
chosen topic (Given, 2008), which is for this case study, prototyping and prototypes in
front end of innovation. The result is a deep understanding about AR regarding different
aspects e.g. technology, designing, innovation, and business development.
The results from the workshop tell that the prototype successfully initiated a discussion
among the participants. The discussion was both regarding the features in the prototype
but also about AR in general, which was not an expressed instruction in the introduction
of the workshop, but never the less became a topic. Both new opportunities and
challenges regarding the prototype and AR came forward. The participants of the
workshop were representatives from different departments of the company. This can be
thought of as they had different areas of expertise. The prototype was analyzed from
different perspectives and this made the analysis broad. For example, discussions came
up about how to generate a business case based on the prototype and how the user
would interact with the device. Also, how different systems should be interacting with
each other for producing data and communicating this data to the device and to the user.
These ideas can be categorized into three different expertise areas: business
development, UX (user experience) and UI design, and IT-solutions.
Prototypes support creativity and encourage communication by being a center point of
discussion and interaction (Osterwalder et al., 2014). The results of the workshop that
was held to evaluate the prototype show that further creativity was created through the
prototype. Because of the ideas that were generated regarding how the product could
generate a business case, how the user should interact with the device, and how data
should be communicated to the device etc. These ideas might not have been thought of
if the prototype would not have been used as a tool for generating discussion. However,
something that was not brought up in the workshop was a step-by-step implementation
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of the portrayed AR-application. The participants analyzed the concept as if it would be
the whole package or nothing. This could mean that the concept locked the participant's
imagination on a certain way of thinking. It could also depend on the small set of
participants in the workshop or that they believed the concept to be constant and not
changeable.
Lingual framework and symbolic tool are used to classify and identify a concept, which
the theory of concept development states (Mouton 1996). This can be a start of a new
concept to be defined. One reflection could be made that during the workshop one of the
main discussion topics was considering how the features of the AR-prototype would
need a system to recognize the surroundings without any constraints or lag if the
features would work. It would require that such system interacts with other systems or
that artificial intelligence could recognize all objects through the camera. This result
became the start of reflection upon the definition of AR and how it might need a change
to give a better explanation of the matter with this new technology. The definition for
explaining AR in this thesis stated in the Merriam-Webster Dictionary (2018) was: "an
enhanced version of reality created by the use of technology to overlay digital
information on an image of something being viewed through a device (such as a
smartphone camera). A new definition of AR was therefore formulated as: "The
technical ability to recognize the user's surroundings and interactions in order to
enhance and customize the experience through visual digital layers and live data". This
new suggestion for definition changes the focus of AR from only showing digital
overlays into a system that interacts with the reality. In conclusion, the prototype has
contributed to evolve the definition of AR along with the iterative process of developing
an innovation regarding both technology and concept, as discussed earlier in this
analysis section.
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9. Conclusion
In this section, the conclusion of this study will be presented. These are the research
questions that are to be answered in this thesis:
❑ In the context of the case study on AR, how can a prototype be developed?
❑ How can AR be understood as a technological innovation?
The process of creating a prototype in this case study consisted of brainstorming,
storyboarding, film creation, and evaluation with de Bono's thinking hats. The analysis
of this study further concludes the importance of implementing design thinking model,
which was not first considered, to the design process of any prototype, since this makes
every iteration effective. This would include an evaluation stage for every iteration and
for the finished prototype, for an efficient process. Therefore, the authors of this thesis
have created the following model in figure 28 as a guideline to create new prototypes to
represent AR concepts and product ideas.

Figure 28: Guideline Model of Prototype Creations (Own depiction).
Another conclusion retrieved from this study is that the innovation AR is either radical
or incremental depending on the point of view. The incremental aspects are regarding
the software development of AR. The hardware central in this study is AR-glasses and
brings crucial radical innovation regarding designing UX and UI. The developed
prototype has proved to be a useful tool in the innovation process to conceptualize
ideas. As the theory of prototypes stresses and the results of the workshop show, the
developed prototype has created a common view and understanding of AR but also
became a center point for discussion. The results and analysis of this case study indicate
the usefulness of prototypes for innovations as early as in the front end of innovation
phase, which the theory regard to be in the late part of new product development. It is
needed to be stressed that prototypes should be both in front end of innovation and new
product development. The prototype in front end of innovation can be of a low-fidelity
version, to lower the cost of the production, however an online prototype grants a bigger
communication impact. Since the findings show that a prototype can become a
foundation for further creativity, it can therefore also serve as a catalyzer in the
innovation process.
One last conclusion is that innovation can be seen as being made up by two parts - the
concept of innovation and the technology of the innovation that frames the concept. The
prototype highlights the concept of AR leading to create insights crucial to further
develop relevant technology.

9.1 Suggestions for Further Studies
AR is a technology with many development possibilities. This study has focused on a
limited area in the early stage in the development of a future AR-application. The scope
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has been concept development and prototype development regarding AR in the
experience industry. However, no user testing has been carried out and would therefore
be an excellent next step in the development of a future AR-product using the prototype
made for this study. This would make the designing process of a product more accurate
to what the user and potential customer wish for in an AR-product. Another aspect
related to the user testing is to test and optimize the UX and UI. This would also be an
interesting aspect for a future study since the result from this study shows the
importance of communicating the ideas and concept through a prototype. The design of
the UI is an interesting factor to study since an AR-application and hardware create new
challenges regarding UI and how the user would interact with the device.
Furthermore, the partnerships and other operations with other companies to develop the
concept into a product for Accedo would also be a good opportunity for further studies.
This would contribute to find weaknesses and strengths in the concept developed in this
study regarding the business opportunity the future product could generate.
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Appendix A
(Checklist for the game to make sure every sequence of the game was filmed)
Before game
❑ Arena entrance sequence
❑ Finding seat - Finding the right section (Virtual ticket)
❑ Finding seat - Finding the right seat (Virtual ticket)
Game start
❑ Camera moving slowly across the rink before the game starts showing home team.
(Player crossing arms, Team logo, stats)

❑ Camera moving slowly across the rink before the game starts showing home team.
❑
❑

(Player crossing arms, Team logo, stats)
Camera moving slowly across the rink before the game starts showing home team.
(Referee)
A sequence of First Face-off - Preferably sometime before the signal. (Show stats)

During game
❑
❑
❑
❑
❑
❑
❑
❑
❑
❑
❑
❑
❑
❑

Hidden puck indicator.
Penalty (Film the penalty box)
Powerplay
Referee gesture explanation.
Goalie leaving the goal
Bench sequence
Goal!
Shot from a player (Shot speed)
A save from the goalie
Icing
Offside
Penalty shot (if it happens)
As many face-offs as possible
Social aspect (Crowd on the other side waving)

During Break
❑ A sequence of the rink without players. Preferably with ice machine (break interviews)
❑ BATHROOM!
❑ Hot-Dog Stand
After the game
❑
❑
❑
❑

MVP voting
A sequence of the crowd leaving (Endgame stats)
Finding quickest exit
Where did I park?
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Appendix B
(Result from the storyboarding in preparation for the game)

50

51

