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1. Introduction

1.1. Background, Purpose and Motivation
1.1.1.Prototyping

Prototyping is not something new. According to Budde et al. (1992), prototyping is a systematic
approach for transforming ideas, drafts and concepts into a prototype that allow to anticipate and
simulate its usage scenario along the system development process. The figure below depicts a generic
prototyping approach having in input a product or process or service idea that transform it into an output
represented by a corresponding prototype. This approach is not limited to specific objects like product,
process or service but could be extended to any other object like a game for example, resulting into a
game prototype. According to Christie et al. (2012) prototyping is a preliminary instantiation of a
concept as part of a development process, where it is used by engineers to provide manufacturing data,
investigate issues, and develop strategies. Christie et al. (2012) defined the prototyping strategy as the
set of decisions that dictate what actions will be taken to accomplish the development of prototypes.
There is a huge amount of investments in the research and development of prototypes especially with
the industrial military complex; where the US Department of Defense has set aside $10 billion from its
$25 billion defense R&D budget for prototyping and advanced development (Maucione, 2019, Federal
News Network). According to the same article, prototyping and development had a large budget
increase, while other areas’ budget like basic research, applied research, science and technology and

advanced technology development declined.

Prototyping

Performance
Product Process / Service . Anything '
i | Prototype Prototype Prototype Prototype

- Fidelity i . .

- Resolution Physical, Verbal or Digital Representation(s)

- Effort

Figure 1.1 Prototyping Scheme

14



A prototype is not necessarily a physical object/mock-up produced by a traditional manufacturing
process or 3D printer, known as additive manufacturing, in the case of rapid prototyping; it could be
also a virtual or digital 2D or 3D object/mock-up produced by a specific software environment (e.g.
Virtual Reality) as shown in Fig. (1.1). Prototypes have many benefits, such as: (1) reducing technical
risks; (2) exploring alternatives for validating a design; (3) evaluating downstream processes; (4)
validating cost estimates; (5) refining requirements; (6) reducing uncertainties (Medlej et al., 2017).
They have also some drawbacks such as reduction of reliability and accuracy of measures as well as
scalability and robustness (Baranov, 2019). The representation is mostly based on the fidelity and
resolution of the prototype (Houde and Hill, 1997; Buchenau and Suri, 2000). Sefelin et al. (2003) add
that the stakeholders might tend to comment more on graphical details rather than the interaction of the
prototype. Mortiz (2005) argues that the simulations might need specific guidance to be used effectively
and efficiently. Blomkvist and Holmlid (2012) explains that the predetermined actions of a prototype
simulation can contradict with the inconsistent nature of services. The prototyping form can make a big

difference in the time frame, cost and effectiveness of the prototype (Christie et al., 2012).

1.1.2.Product Prototyping

In an industrial context, prototyping is in the spotlight for decades due to its important role in the product
design phase (Camburn et al., 2015). As stated by F. R. Barnard (1927), people often say “4 picture is
worth a thousand words”, as everyone could get a better chance to understand what something is about
in looking at a picture or drawing representing it instead of reading a textual description. More recently,
it was reported by Balas (2018) that a former MIT professor, named John Meada, said: “if a picture is
worth a thousand words, a prototype is worth a thousand meetings” (cited by Banfield et al. 2017). A
prototype can be considered as an artefact that reproduces one or more aspects of a product, service or
system (Otto, 2003). According to Mogensen (1994), prototypes have several facets: (a) they are used
to clarify on design, requirements, and issues so that designers and engineers can modify the prototype
until the final design is reached, as prototypes suggest what the future could be like; (b) their respective
value is not only in the learning process it provides but also in the experience it creates for the
stakeholders to learn through an experience; (c) they can serve as a bridge between analysis and design
as it provides ideas about what could be changed and what could remain. In product design there are
different maturity stages that require different forms of prototype, depending on whether it needs to
provide a simple visualization or demonstrate some functionality, or checking different downstream
aspects such as testability and manufacturability. Rapid prototyping is a term that embraces a range of
new technologies for producing accurate representations of the design in a short period of time, with
little effort (Pham and Gault, 1998). This allows designers and engineers to freely create their visions in

a short amount of time and with little to no effort, to enable a co-creative development process.
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Waterman and Dickens (1994) suggest that rapid prototyping can cut up to 70% of production costs,
and reduce the time to market by 90%. Furthermore, Simo et al. (2013) suggest that rapid prototyping
conveys benefits in terms of speed, accuracy and complexity over more traditional prototyping methods.
One could conclude that prototyping is a valuable mean for all stakeholders, especially users, to quickly
overcome collaborative distance barriers in reaching a mutual understanding of the design in order to
undertake more appropriate collective decisions along design iterations (Pallot et al, 2017). For years,
prototyping equipment, such as: 3D printers (additive manufacturing) and laser-based machines have
demonstrated their capacity to quickly deliver 3D design representations or physical scale mock-ups of
a product. Concurrently, Virtual Reality (VR) has become a popular digital prototyping environment in
which to immerse collectively all stakeholders through the use of large wall-screens or CAVE or
individually with Head-Mounted Display (HMD) while simulating some of the features and interactions.
VR is widely used for assembly methods prototyping (Seth et al., 2011) and techniques for mechanical
product development (Zorriassatine et al. 2003). Augmented Reality (AR) is being widely utilized in
the production manufacturing industry (Ong et al., 2008). AR is also used in product design (Lee et al.,
2005) as product prototyping through using markers and mobile devices to make product design more
co-creative and improve the development experience. Mixed Reality (MR) is currently gaining traction
as a powerful tool in product design, and with MR devices stakeholders can co-create design together
and share them in an immersive yet real environment. MR is used in industrial design especially for

aesthetics (Fiorentino et al. 2002) and product design assessment (Bordegoni et al. 2009).

1.1.3.Service Prototyping

More recently, scholars studied the transferability of the prototyping approach and benefits to the service
sector. Simo et al. (2012) explains that due to service intangibility and market volatility new services
introduction tend to fail, and by using tool like prototyping this might be improved. As traditional service
engineering processes are too complex and lengthy than today’s industrial services market expectancy
(Cavalieri and Pezzotta, 2012). In recent studies, it was found that up to 40% of the newly developed
services fail within the initial year (Castellion et al., 2013). As the service technologies evolve the
service complexity and intricacy increase as well, where the main stakeholders can interact with one
another and with different service processes leading to a more complex service system (Ostrom et al.,
2015). Blomkvist and Holmlid (2011) suggest that rapid service prototyping approach means that

prototyping is an ongoing design process activity.

In service design, designers use prototypes to gain insights on service aspects, to have a better
understanding than from using only written explanations or visual presentations. Service design uses
methods and tools derived from different disciplines to engage in a service design activity. Holmlid

(2012) defines service design as the activity that, among other things, proposes behavioural
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configurations or "scripts" to the stakeholders interacting in the service and understanding how these
patterns interconnect and sustain each other are vital facets aspects of design and service. Stickdorn et
al. (2018) proposed six service design principles for real world application, as it has to be human
cantered, collaborative, iterative, sequential, real and holistic. Aurich et al. (2004) proposed a service
design approach inclusive of the product lifecycle and the customer and manufacturer’s point of view
for a more industrial oriented service design approach. Yet, there is a lack of common service
prototyping procedures for the development and representation of services in both academic and
industrial contexts. Studies shows that organizations are searching for a consistent, inexpensive and
effective methodology to improve the service development process and increase the added value for
their customers (van Husen et al., 2016). van Husen et al. (2019) uses service prototyping to co-
creatively develop services by using immersive technologies as a tool for the collaborative service

development process.

Immersive technologies are frequently used in the service industry sector as means to enhance the
stakeholders’ experiences (Buchenau and Suri, 2010). Industrial services need to be developed or re-
developed; which increases the complexity of the development process (Ostrom et al., 2015).
Consequently, there is a present tendency to use immersive technologies for service prototyping
(Sdmann et al., 2016). Service prototyping attempts to transform intangible service ideas into real
experiences that enable service exploration, evaluation and communication according to van Husen et
al. (2016). As such extending on the work of Blomkvist and Holmlid (2010), which states that
prototyping uses prototypes to explore, evaluate or communicate in design. This transformation enables
stakeholders to undertake informed decisions about different alternatives at the earliest developmental
stage; based on stakeholders’ feedback after using alternative service prototypes. Service prototyping
allows businesses to bring to the market validated newly developed services, which may have a higher
rate of potential adoption; hence, a higher rate of success. Marie-Rose et al. (2019) advices designers in
their prototype form choice for testing to examine the user journey, the value-added services ideas and
the technical challenges as the main focus in the development design phase. As such, we explore using

immersive technologies to enhance the service prototyping process and experience.
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Service refinement by prototyping through iteration

Service User Service
Reaction Representation
(Prototype)
Service User
Perception
Figure 1.2 Current understanding of a service prototyping process

Fig. (1.2) represents a simplified graphical representation of a service prototyping process. It starts with
the idea, which is then triggered by the action of engaging the stakeholders, either to explore a service
idea or to improve on an existing service. The service representation, or the prototype itself, which
engages the stakeholders’ perception, emotions, and cognition, this prototype could come in various
forms, ranging from verbal based to something more immersive. The service usage perception is when
stakeholders, especially users, experiment the service through the use of the prototype, each SP form
delivers a different experience. Through this experimentation an experience will arise, which results in
a reaction or an evaluation of the prototype that produces feedback. The feedback feeds and supports
the refinement and improvement of the service prototype. A possible hypothesis concerning the use of
an immersive service prototype, instead of a flat 2D representation, delivering an immersive 3D

eXperience, which will increase the user experience; hence, user’s engagement and feedback.

1.1.4.Thesis Context and Motivation

In terms of context, back to early 2016, [ was involved in a research team, at the Furtwangen University,
working on service prototyping as an emerging new process of service design that could greatly impact
the industrial service sector. In fact, our team was successful to get a new research project, named
“dimenSion” (Multidimensional Service Prototyping), funded for 3 years by the German Federal
Ministry for Education and Research. The Furtwangen University was research lead in this project, co-
operating with a research partner, Karlsruhe Institute of Technology, and 7 industrial partners: three
large enterprises and four SMEs. The research goal of the project was to explore service prototyping
methods and tools to provide a practical applicability of industrial service prototyping; where we co-
created service prototypes with each of the industrial partners. Involved industrial partners have defined

their own application for their company-specific services. The industrial partners were from various
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fields, such as: mechanical engineering, industrial engineering, technical model toys, and information
technology, bringing real-life issues and ideas to be prototyped with our co-creative service prototyping
process. One of my contributions in this project, as a member of the service innovation team at the
Furtwangen University, was to explore service prototyping, characterize and compare the different
forms of service prototype, which became the PhD topic. At the beginning, we split all identified
prototype forms into two categories, namely: (a) “conventional” for the traditional forms of service
prototype like verbal-based, paper-based, mockup-based (physical, digital, and video) and simulation-
based; (b) “immersive” for the ones using immersive technologies like VR, AR and MR (Abdel Razek
et al., 2017). This research project has allowed gauging industrial needs and expectations for service
prototyping and creating real life service prototypes for industrial applications. This helped in

identifying and evaluating existing tools for service prototyping in collaborating with other researchers.

1.1.5.Purpose

This research should be seen as an early work to investigate the impact of immersive technologies on
service prototypes, and the possibilities and drawbacks that arise accordingly. Immersive technologies,
such as: Virtual Reality (VR), Augmented Reality (AR) and Mixed Reality (MR), are said to be gaining
popularity in different industrial service sectors and the prices of current devices and systems allow for
a more affordable and accessible research and development for the industry. Dupont et al. (2018)
evaluated different immersive collaborative environment platforms in order to foresee what solution
could be more affordable for SMEs and start-ups. The motivation here is to gauge the impacts of these
immersive technologies when they are applied in the service prototyping process. Service prototyping
was conceived as an agile co-creative service design process that allows designing through iterations.
We argue that immersive technologies enable service prototyping stakeholders to be immersed into a
future service before it really exists. This allows stakeholders to explore, evaluate and communicate a

service idea in a more effective and efficient way due to the reality like effect (Abdel Razek et al., 2017).

Holmlid and Evenson (2007) suggest that service prototyping should be chosen according to the position
in the service development stages. They also suggested that service prototyping aims to improve the
decision-making and to better assess alternatives when creating services. When using new technologies
like VR, AR and MR, service stakeholders have a wider range of options in exploring, evaluating and
communicating a new service. Immersive technologies enable the integration of different aspects in a
prototype while providing more user insights especially for service processes like training and
maintenance. Service Prototyping leverages 3D technologies in order to improve the service design
process, and have less costly retroactive adjustments (Gauthier, 2013). Service organizations are using
service prototyping as a tool to explore, communicate and evaluate service ideas, concepts, and designs

for a co-creative service innovation process (van Husen et al., 2016; Sdmann et al., 2016; Abdel Razek

19



etal., 2017; Abdel Razek et al., 2018), which shows the level of industrial interest in service prototyping,

and especially for immersive service prototypes.

The purpose of this dissertation is to reach a better understanding about service prototyping challenges
and the role of immersive technologies in the capacity to create new forms of Service Prototype (SP).
Therefore, there is a need to empirically investigate the impacts of immersive technologies, such as: VR,
AR and MR, on service prototyping. In fact, there is a lack of published empirical studies on the different
forms of prototypes, and on the description of the service prototyping experience. There is also a lack
of empirical studies on immersive service prototyping and potential impacts on the service design
process and quality of the service. As shown in Fig. (1.3) service prototyping is combining elements
from service engineering, service design, and service innovation. Immersive technologies are among the
technologies that could be used to potentially improve current service offerings whether by enhancing

the usage experience and/or making it more efficient.

Service
Engineering

Service Design

Service
Prototyping

Service
Innovation

Figure 1.3 Initial Research scope

1.2. Objectives, Research Approach and Questions
1.2.1. Objectives

The objective of the study is to explore and study the impacts of using immersive service prototypes in
regards to the user experience, acceptance and performance. The use of immersive technologies within
service prototype is expected to improve support the transformation of intangible service ideas into a
concrete experience; while insuring the proper level of sense making and mutual understanding among
service stakeholders. To be able to identify what are the immersive technologies impacts on service
prototyping, we must first define the constructs of immersive service prototyping. A comparative study
to compare the different service prototype forms was conducted in the form of experiments and
industrial focus group interviews. The main challenge is to get a clear scientific basis on different forms
of immersive service prototype. This research could be considered in the first stage of innovation in the

field of applying immersive technologies in service prototyping, pioneering the immersive service
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prototypes studies, aiming to be a part of the global open innovation process in service prototyping. The
objectives of this thesis are the followings: (1) Identify the challenges to be tackled by the use of
immersive technologies within service prototyping or service prototypes; (2) Categorize the different
forms of service prototype; (3) Identify the factors impacting the SP experience, performance and
adoption; (4) Compare the different forms of service prototype; (5) Evaluate the impacts of immersive

technologies in Service Prototyping in terms of benefits and drawbacks.

1.2.2. Research Approach and Questions

Mixed methods approach is used in more and more studies, especially in UX studies (Agerfalk 2013;
Kruusimagi et al., 2017; Hebesberger et al., 2017; Krawczyk et al., 2017) but it is still marginal in
relation to the UX published studies. The research method of a quantitative qualitative embedded survey,
where the quantitative and qualitative data will be collected and analyzed at the same time; as the
observations will elaborate on both the quantitative and qualitative results. The quantitative data offer a
statistical analysis on the service prototypes performances, while the qualitative data provide
explanation on their performances, experience and acceptance. This allows for a more assertive
clarification of the results as well as early discovery of potential challenges with the reliability and

validity of the survey instrument and the collected data.

1.2.3. Research Questions

RQ: What are the impacts of using immersive technologies on service prototyping? The first
research question concerns investigating the impacts of using immersive technologies on a service
prototyping process in an industrial service setting. The objectives are to (1) identify the impact factors
of different service prototypes, and (2) assess those impacts in comparison with using conventional

service prototype forms, i.e. paper service prototyping.

RQ.1: What are the impacts of immersiveness on SP stakeholders’ perception of time,
attentiveness to their surroundings and responsiveness to external events (Real-World
Dissociation effect)? The first sub-question is investigating the impacts of immersiveness on the
stakeholders on the real-world dissociation in terms of time, responsiveness, and attentiveness to
surroundings. This will help us identify if the immersive technologies affect the ability to be aware of

external factors (time, environment, sound) in an immersive state.

RQ.2: What are the impacts of immersiveness on the user experience of SP stakeholders (Service
Prototyping eXperience)? The second sub question is about discussing the impacts of immersiveness

on the stakeholders’ service prototype experience, and how it will affect the SPX This will encompass
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the possibility of future adoption, re-use, and recommendation (to others) of that service prototyping

form or process.

RQ.3: What are the impacts of immersiveness on the Ergonomic quality and Hedonic quality of
the Service Prototype Effectiveness? The third sub question is discussing the impacts of
immersiveness on the service prototype ergonomic and hedonic qualities in terms effectiveness of a
service prototype. This will aid in understanding what kind of impacts immersive technologies may have

on the effectiveness of the prototype.

RQ.4: What are the impacts of service prototype effectiveness on the Service Prototype
eXperience? The fourth sub-question is investigating the impacts of service prototype effectiveness and
efficiency on the stakeholders SPX. This will help us identify if the immersive technologies affect the
stakeholders’ SPX.

RQ.5: What are the impacts of Service Prototype eXperience on the intention to adopt? The fifth
sub-question is investigating the impacts of SPX on the stakeholders’ intention to use in terms of degree
of acceptance and adoption. This will help us identify if the immersive technologies affect the intention

to use, and as such the degree of adoption.

1.2.4. Hypothesis

There are several advantages of applying immersive technologies in service innovation, as shown from
the literature, where a higher perceived service quality is observed (Marcus 1997), a better stakeholders’
feedback and decision making while increasing service activity in the real world (Kim et al. 2008), a
higher level of stakeholders’ engagement and learning (Dede 2009), a more realistic stakeholders’
service impression (Miettinen et al. 2012), and a more accurate depiction of how stakeholder’s factors
across time and space while providing a better testing of usability scenarios and an affordable and
flexible mean for evaluation (Pallot and Pawar, 2012). Through analyzing the potential impacts of
immersion and using immersive technologies in service innovation, we created hypothesis about ISP
and the stakeholders’ experience during an ISP process. As immersive technologies allow a more
comprehensive representation of service experience leading to a far superior anticipation of the actual
service experience. As such five hypothesis gyrating around the immersiveness, real world dissociation,
service prototyping eXperience, service prototyping effectiveness and the intention to adopt were
formulated. These hypotheses will be tested through a dedicated experiment and evaluated according to
the analysis of collected data. The instrument to validate the hypotheses will compare conventional and
immersive service prototypes in order to find out the impacts and variances in the application of the

immersive technologies.
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H1: The deeper the degree of immersiveness, the more effective the real world dissociation. The
first hypothesis proposes that when using a service prototype, the higher the degree of immersiveness,
the higher the dissociation to the real world. As the stakeholders will more immersed then their sense of

time, surroundings and external factors will diminish with the increase in immersiveness.

H2: The deeper the degree of immersiveness, the more satisfying the SPX. The second hypothesis
proposes the higher the degree of immersiveness, the better the Service Prototype eXperience. The
stakeholders will have a more satisfying SPX that will increase the chances of convincing them to adopt

it, or re-use it, and even recommend it to others.

H3: The deeper the degree of immersiveness, the higher the degree of effectiveness. The third
hypothesis proposes that the higher the degree of immersiveness, the more effective the service
prototyping process. The stakeholder will be more effective if they are more immersed as it will be very

similar to a “real” experience.

H4: The higher the service prototype effectiveness, the more satisfying the Service Prototype
eXperience. The fourth hypothesis proposes that the higher the effectiveness service prototyping
process, the better the SPX. As the participant will enjoy the process more if they are more successful

to accomplish the task without any help and mistakes and in the shortest duration possible.

HS: The more satisfying the Service Prototype eXperience, the higher the degree of stakeholders’
adoption of the prototyped Service. The fifth hypothesis proposes that the better the SPX the higher
the degree of stakeholders’ acceptance and adoption. As the user will be more immersed then the
stakeholder’s convincingness to adopt, willing to re-use, and the degree of recommendations to others

with the increase in immersiveness, which leads to a better SPX.

1.3.  Research Significance
There is an extensive research being done in immersive technologies and its applications within different
industrial sectors, especially in fields where stakeholders’ experience is the focal point. While service
prototyping does not receive the same research interest like some of the other service research streams;
as it is a novel research approach. This study is dedicated to investigate service prototyping and
prototypes, by exploring, then experimenting different service prototyping forms before evaluating them
in regards to service experience, performance and degree of adoption. This includes studying how
service prototype experience can affect the stakeholders’ eXperience, performance and acceptance
degree. The significance of Service Prototype eXperience in relation to Service eXperience, User
eXperience and Customer eXperience is shown in the literature review. There is an emerging interest

for the development of service prototypes in the manufacturing industry, and in academia. Immersive
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technologies might have a significant impact in exploring and co-creating service prototypes with
stakeholders, in allowing the collection of important observations and comments to create and refine a

service idea, or to improve it after being immersed in it.

An immersive service prototyping co-creative process might aid engineers and designers to leverage the
more comprehensive experience; resulting in enhanced feedback for brainstorming or for selecting a
service idea. Evaluating a new service design by immersing stakeholders instead of supplying them with
a 2D or a conventional service representation; enables better understanding of the service as they will
be able to experience it instead of just see it. This could be vital for decision making, as service resources
are scarce, and each cent saved from the costs is a cent gained; creating a service after evaluating its
service prototype might not only increase the chances of service success but also increase profits and
improve company’s image. Communicating a service concept through an immersive experience builds
a clear and holistic vision of a service, which might not even exist, by anticipating the services
requirements and necessities. Communication is a key factor for service development processes, by
using immersive technologies; designers and engineers can use more comprehensive service prototypes
immersing stakeholders to communicate a service concept, which could be beneficial for complex
services. Learning through an immersive service prototype instead of waiting till the launch of the
service might be also useful. This allows stakeholders to experience a service or parts of it before it
exists to increase the understanding of the service and its processes and improve the process through
their feedback. One of the potential advantages in using immersive technologies on service prototypes
that it allows stakeholders to explore complex service situations and environment, where it will be
challenging to do the same with conventional methods. Also multidimensional services have intricate

relationships and process that would be challenging to cover fully by only using conventional service

prototypes.
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Figure 1.4 Graphical Representation of the investigation
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Fig. (1.4) highlights the main concepts involved in this study aiming to provide a better understanding
of the potential impacts of immersive technologies on service prototyping, which also outlines the
research scope. The investigation on the impacts of immersive technologies on service prototyping,
where we conduct comparative study on different forms of service prototypes. This study includes
experiments, where each service prototype’s performance, experience, and adoption degree are studied.

The experiment results will be further discussed in an industrial workshop and focus discussion.

1.4.  Thesis Structure
| Motivation | | Contributions |

Qualitative
Approach

Immersive Impacts Future
Service Work
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Conclusion

Conventional
Quantitative Service
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Figure 1.5 Visual representation of the Thesis Structure

The thesis structure is presented in Fig. (1.5), where each chapter appears as a darker box while each
section appears in a light colored box. Chapter one covers the background, motivation of this research
study from the industrial and academic viewpoints and its purpose. This chapter also covers the
description of the research objectives, approach, questions and hypotheses. It also discusses the
significance of such innovative concepts for a service development team. This chapter concludes with
the presentation of the thesis structure and then provides a summary including a visual representation of

the investigation that was carried out.

Chapter two covers the literature review on service innovation, immersive technologies, and immersive
service prototyping especially in the service sector. We then present a summary of the scientific studies
that have been done in service prototyping in the context of immersive technologies as well as an
exposition of the fundamentals of immersive service prototyping. This is to demonstrate the literature
gap of immersive service prototyping. The literature review also includes an extensive definition lists
of the main research domains and sub-domains. This literature review then deals with exploring,
communicating, and evaluating service ideas, concepts, and designs by using immersive technologies
service prototyping, to understand the taxonomies of the impact on the stakeholders, and their
experience; linked with the fundamental concepts of service prototyping previously discussed. Finally,

the summary of the literature review will be introduced.
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Throughout chapter three, the methodology based on the triangulation of quantitative and qualitative
methods is proposed. These mixed methods will be used for instrument and model validation. An
immersive service prototyping guideline will be proposed for service innovation in accordance with the
impacts previously highlighted by our research. The validation experiment will be conducted in a
learning academic environment. The chapter also covers the experiments, describing the protocol,
parameters, and all the descriptive and statistical data concerning the experiments and the participants.
The model and instrument will be also included in this chapter as well the stakeholders’ feedback, and

the observations and metrics selected for the experiment.

Chapter four is describing the research findings from the empirical study, after analyzing the data from
the experiment. This chapter contains the statistical analysis and validation of the research model and
instrument. This chapter includes the qualitative and quantitative findings from the instrument, as well
as the impacts observed through the experiment. After the confirmation and validation of our model and
instrument; an industrial workshop and focus group discussion is conducted to benchmark the research

results.

Chapter five will include discussions on the perceived and implicit impacts of immersive technologies
on service prototyping and the immersive service prototyping recommendations. This will conclude the
dissertation results by answering the research questions, describing the contribution of this investigation
to the existing state of the art, outlining the lessons learned and giving recommendations for future

application in an industrial setting.

Finally, chapter 6 will cover the main conclusions and limitations of the model, instrument, and
immersive service prototyping from a general point of view and thus outlining the prerequisites for

future work. The chapter will also include a proposed plan for future research in an industrial setting.

1.5. Summary
Prototyping is frequently used in the industrial developmental stages for products; especially for
products like machinery, automobiles or complex tools. Yet, there was no best practice for the immersive
prototyping of services found in the literature. As the service technologies evolve the service complexity
and intricacy increase as well, which increases the need for a better service representation and
visualization. The current approaches used or developed typically focused on the development process;
which doesn’t integrate the service prototyping experience in the development process. Service
prototyping is an agile co-creative development process that allows an enhanced service maturity to
emerge through iterations. Service prototypes aims to transform intangible service ideas into real
experiences. Immersive technologies might enable the stakeholders of a service prototyping process to

have a more comprehensive experience due to immersion. The academic motivation here is to gauge the
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impacts of these immersive technologies utilized in the service prototyping process. To be able to
understand these impacts, an investigation is needed to understand the stakeholders’ reflection and
evaluation of the service prototype experience with the use of immersive technologies. This
investigation is focusing on the performances, experience and adoption degree of both immersive and
conventional service prototypes. The motivation behind this empirical industrial study is helping
organizations to be able to understand service prototyping forms and tools; without the need of an initial
investment or extensive research. The hope is that this research is used as a basis for future academic

research and industrial application.
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Figure 1.6 Overview of the Research
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2. Literature Review

2.1. Introduction

The literature review is a continuous process throughout the thesis period. It starts by looking at the
amount of publications related to the different concepts that are part of this study. Secondly, relevant
previous work, especially empirical studies, were identified and filtered according to related to factors
impacting a service prototype’s effectiveness, efficiency, and experience. Thirdly, existing gaps are
identified, where a list of the researched definitions is constructed. Finally, the existing definitions from
the relevant domains are extended up and updated to adapt for service prototyping in order to answer
the research questions, and investigate the concepts of Immersive Service eXperience (IX) and Service
Prototyping eXperience (SPX). The dissertation research scope “Service Prototyping in Maintenance
Assembly” appears at the intersection of several research domains, such as: Service Innovation, Service
Design, User eXperience, XR Industrial Assembly and Service Prototyping, as presented in the Fig.
(2.1) below.

@'.‘\Q S B Inne ti
S ervice Innovation Uik
Q}\% Experience
&
g
Immersive Immersive
Service Service
Prototype Experience
~ Service Service
Prototyping Design
XR Industrial
Assembly
Figure 2.1 Thesis Research Scope

The focus of this study is on service prototypes in industrial maintenance assembly as shown in Fig.
(2.1) above. There is a current transition happening in the industry pushed by different trends, such as:
digitalization, industry 4.0, artificial intelligence and servitization. Assembly is a task that is found in
most of the industrial and manufacturing processes. Baines et al. (2009) defines servitization as the

organization’s innovation abilities to increase the added value transitioning from selling products to
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selling product service systems. This transformation is also visible in the amount of research investments
in regards to digitalization and servitization. The relevant research publication streams for our
investigation are: (1) service research studies; (2) XR studies; (3) service prototyping; (4) immersive

service experience; (5) XR in industrial training; and (6) XR in maintenance assembly.

10000
9000
8000
7000
6000
5000
4000
3000
2000

1000

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

"Service [nnovation" "Service Engineering" "Service Design"

Figure 2.2 Service Innovation, Design, and Engineering amount of publication from 2009 up-to 2019

Fig. (2.2) highlights the level of interest, characterized by the amount of published papers during the last
decade, among three main service research domains (a) “Service Innovation” (SI), (b) “Service
Engineering” (SE), and (c) “Service Design” (SD). Regarding SI, it was on a continuous rise in the past
10 years, until slowly declining in 2018. This could be due to the fact that some of the publications
might have still not been registered, as the decline is only by 11%. In 2019, it has about doubling from
2009. This shows a growing interest in both academic and industrial SI research. Looking at SD, it has
a pretty similar curve compare to SI. It also has a similar decline of 10% in the number of papers from
2018 to 2019. This could be attributed to the researching interest reaching a peak and receding as we
can see with many other literature streams. As for SD, in 2019, it has about doubling from 2009. This
confirms the great interest in SD research, especially in the fields of user design and application
development. Concerning SE, it has a much lower amount of publications than SI and SD: SE
publications for 2019 were 1140, comparatively to 6920 for SI and 7270 for SD. In 2019, SE is lower
than in 2009, by more than 15%. This decline confirms that there is less interest in researching SE,

which might also suggest less applied research.

Some decades ago, there was a trend in the Industry involving immersive technologies for product
prototyping; nowadays this trend appears in prototyping services, especially for industrial applications.
Product prototyping is pretty common in the manufacturing industry while service prototyping does not

yet have the same industrial interest because it remains a novel concept. Virtual Reality (VR),
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Augmented Reality (AR), and Mixed Reality (MR) were in the Gartner’s top 10 strategic technology
trends in 2016, 2017 and 2018. Gartner researchers predicted that by 2019, immersive technologies
solutions would be adopted by 20% of large enterprise businesses (Forni, 2017). One thing to notice is
that all immersive technologies are not anymore in the Gartner hype cycle, which might suggest that

they turned to be more established technologies rather than emerging technologies.

XR immersive technologies and devices allow users to see into other environments, and immerse user
by using digital information. In today’s global market a competitive advantage can be achieved by
effectively apply new technologies and processes. VR, AR, and MR technologies have advanced into a
higher level of sophistication in the past 20 years. There were several mainstream immersive
applications in the past several years, which introduced the technology to the masses, allowing more
people to think of more ways for adoption and integration into their daily life. According to Seth et al.
(2011) immersive technologies have also changed the way researcher look at training and learning
processes like performing a real-time simulation of a specific service, or enabling users to become

immersed in a virtual environment and interact as if they were in the real world.
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Figure 2.3 VR, AR and MR amount of publication from 2000 up-to 2019

A literature review on the existing state of art of immersive technologies literature was carried out, and
the numbers of publications done in the past 20 years is shown in Fig. (2.3). This search was conducted
by using Google scholar with three different keywords that best represent the immersive technologies
literature. These keywords used were (a) “Virtual Reality”, (b) “Augmented Reality”, and (c) “Mixed
Reality”. As shown in the figure above that XR amount of published papers has been on a rise and as
the applications and use-cases are numerous and the actual acceptance and adoption is increasing daily
as seen from the integrated AR apps and VR arcades becoming mainstream. To date there were only

3,930 publications related to the search term “eXtended Reality” (XR), this shows that it is the term is
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used but not as much as VR, AR or even MR. Immersive technologies as a keyword is not used often in
research, as an example in 2019 there was 2,210 publications with the key word “eXtended Reality”

compared to 44,700 publications with “Virtual Reality” in them.

The search shows that VR were on a steady rise until it peaked in 2017 and is on a steep decline ever
since. This decline could be interpreted to the increase in the amount of publications in both MR and
XR, which are doubled every year since 2017. Considering AR were also on a steady rise till the peak
at 2017 and then is on a steady decline ever since. This could be also being attributed to the increase in
the number of publications in both MR and XR. There is a steady increase in MR and it is continuing
rising. The increase could be attributed to the release of the Microsoft Hololens, which was in late 2016,
which might have been the catalyst for such increase. The decline in both VR and AR might also be due
a slowdown in researching concerning the technology, due to saturation or organizational competition
challenges, another factor of this decline might be that the technology innovations are now in the
application phase, and after several years there will be more innovation related to MR and XR rather
than VR and AR, even though the research in the industrial application is still in its early stages. There
is an abundance of publications that cover the definitions, characterization, and aspects of each of these
technologies. These definitions are summarized in the literature summary tables later in the sub section
of eXtended Reality. To start discussing service prototyping and prototypes, we have to first look back

at the “prototyping” and “prototype” literature to see the interest and amount of research done.
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Figure 2.4 Prototyping and prototype amount of publication from 2000 up-to 2019

The literature search was done on the past 10 years, as it is the most relevant timeframe for such a novel
topic. The keywords used in the search were (a) “prototyping” and (b) “prototype”. The literature search
included every domain that uses prototyping and prototypes, the amount of publications is presented in

Fig. (2.4). There is a bigger research interest for prototype as shown from the published papers. The
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number of published papers on prototype in 2019 were 98,000, while on prototyping were only 28,600,
which represents almost 30%. Looking back at 2009, the research interest in “prototype” was much

higher with 238,000, while “prototyping” was only 34,400, which is 15% of number in that same year.

Many companies fail when introducing the new services, due to their complexity and intangible nature,
as such prototyping supports the involvement stakeholders in the service development (Simo et al.,
2012). Prototyping should reveal complications, and issues so that service designers can modify the
prototype until the desired design is reached. The industrial applications and interest in service
prototyping and prototypes is high, and active. Project dimenSion was one of the academic and industrial
service prototyping governmental funded research projects that spanned from the end of 2015 till start
of 2019 to research service development advancement. The project consisted of two research institutes
and seven industrial partners, ranging from small to large organizations. This project gauged the
industrial interest for service prototyping in the industrial service sector in Germany, through industrial
surveys, workshops and use-case implementations. The results of the project illustrated that there is an
increasing industrial high interest and need for service prototyping and service prototypes, especially

immersive service prototypes (van Husen et al., 2016; Sémann et al., 2016).
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Figure 2.5 Service Prototyping and Prototype amount of publication from 2000 up-to 2019

Ilustrated in Fig. (2.5) is a graph representing the amount of publications discussing service prototyping
and service prototype from 2000 up-to 2019. The search was conducted by using Google scholar with
the two terms: (a) “service prototyping” and (b) “service prototypes” because they are already widely
used by scholars and allow to gauge the academic interest in service prototyping and service prototype.
As “service prototyping” and “service prototype” terms were emerging research topics in the year 2000;
the amount of published papers was 941 for service prototyping, and 2,520 in the case of service

prototype, which is about 250% more. The number of publication was growing-up until the year 2017,
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and then is now declining ever since. This might be attributed to the increase in industrial applications,
so the publications might come later on after the testing of these implementations and applications.

“service prototype” publication numbers were going up and down while regularly growing.

According to Gavish et al. (2015) industrial training is one of the most widely accepted and adopted
applications of immersive technologies. Immersive technologies and XR applications are being widely
used in various industrial sectors like industrial education (Gavish et al., 2015) and construction training
(Hilfert and Ko6nig, 2016). Sportillo et al. (2015) reveals some insights regarding experience of assembly
tasks by using immersive technologies. The practicality and effectiveness of the immersive experience
are improved, when the users are completely suspending their sense of doubt during a virtual experience
(Apostolopoulos et al., 2012). Hassan et al. (2019) identified independent UX and performance
attributes in relevance to immersive industrial training; (1) physical constraints; (2) visual quality, (3)
tracking quality and space, (4) safety, (5) presence, energy and immersion, (6) communication, (7) tool

usage.

The seemingly real user interaction with tools is vital for the experience in VR industrial training
applications (Gavish et al., 2015). The more the sense of reality is preserved the more realistic and
engaging will the VR experience be (Ries et al., 2008). There are several researchers that discuss
conventional manual training (Webster et al., 2013) and VR based simulation training (Schuemie et al.,
2000). Others assert that mobile AR has many applications in maintenance assistance (Rankohi and
Waugh, 2013). However, there are benefits and limitations to the application of MR in manual task

training in manufacturing (Juang et al., 2013) and in construction (Khuong at al., 2014).
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Figure 2.6 Immersive (XR) Industrial Training amount of publication from 2000 up-to 2019

It can be observed that there is steady increase in the amount of published papers regarding immersive

technologies and training as shown in Fig. (2.6). Training is one of the most important services in any
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industry, especially industrial manufacturing industry (Fernandes et al., 2003). The terms used in the
Google scholar search were: (a) “virtual reality” with "industrial training”, (b) “augmented reality” with
"industrial training", (c) “mixed reality” with “industrial training” and (d) "immersive" with "industrial
training". This literature search was done to illustrate the interest of immersive industrial training in the
past ten years, which constitutes more than 10% of the number of publications on industrial training.
Regarding VR industrial training as it was steadily rising throughout the years until 2017 where there
was a jump in the amount of publications then a continuation afterwards. Considering AR industrial
training had an upward increase throughout the years until 2017 then another increase into 2018.
Considering MR industrial training was on a steady increase through the years then it had a slight
increase in 2017, then corrected to the norm afterwards. The sudden increase in publication numbers in
2017 might be attributed to the release of devices like the Hololens, and the start of a race of creating
more affordable or more use-case centric MR solutions that lead to more research. The decline might be
attributed to the fact that a lot of companies wait several years to publish the results of their successful

products to prevent the copying and reverse engineering of their products or devices.
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Figure 2.7 XR Assembly amount of published papers from 2000 up-to 2019

The amount of published papers covering both terms of XR and assembly is growing; as shown in the
Fig (2.7). The number of AR assembly is exponentially growing, and the number of VR or MR assembly
is on a pretty linear trend. The number of AR assembly is more than 11 times the amount of VR assembly
or MR assembly published papers. This shows that there is an exponential increase of studies in AR
assembly. This rise in AR assembly could be attributed to the digitalization movement and the

introduction of Industry 4.0 systems that are being pushed everywhere in the world.
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Figure 2.8 Conventional Service Prototypes amount of publication in the past 10 years

As shown in Fig. (2.8), the amount of publication on Conventional SP (CSP) are represented in these
prototype forms, namely: (a) “verbal”, (b) “paper”, (c) “mockup”, and (d) “simulation”; each of them is
then combined with the term “service prototype”. For example, if we prototype an instructional manual
with conventional service prototype forms, it could be a “verbal prototype” (instruction guide), or a
“paper prototype”, or a “mock-up prototype”, or even a “simulation prototype”. Many scholars have
already studied conventional form of service prototypes. Regarding PSP, which has much higher amount
than all the other SP forms as it the most established tool. The amount of publications for all SP forms
seems to be static, which might be due to the increase in the research on immersive prototypes. Looking
at the immersive service prototypes literature, according to a Google scholar search, it appears that the
combined term “immersive service prototyping” or “immersive service prototype” is brand new. The

only times it was mentioned before was in our prior publications (Abdel Razek et al. 2017, 2018, 2019).

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
—"Virtual Reality" "Service Prototype" === Augmented Reality "Service Prototype"
"Mixed Reality" "Service Prototype" "Immersive Prototype"
Figure 2.9 Immersive Service Prototype amount of publication from 2009 up-to 2019
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The amount of publication in the past 10 years regarding Immersive SPs is shown in Fig. (2.9). ISP can
be summarized in four searches; (1) “virtual reality”, (2) “augmented reality”, (3) “mixed reality” that
are combined with “service prototype” and then, (4) “immersive prototype”. As observed there is an
overall upward trajectory in discussing immersive technologies application in service prototyping. This
resurgence might be attribute to the introduction of new affordable immersive technologies equipment,
like HMDs, AR glasses, and MR devices. The level in innovation in software, programming and coding
could be also a factor in that resurgence. The figure shows that this is under-researched novel topic,
which needs more research and investigation to increase the knowledge base and to clarify its aspects.
Research conducted on VR service prototypes was more than that of the other XR technologies, this
might be due to the fact that VR is the most established of the three, and also the first one to be created

and utilized.

VRSP publication was on a steady rise until 2018 then saw a decline. This could be due to papers that
were not published yet in 2019. Regarding ARSP there is an unsteady progress, but it is showing a
positive progress throughout the years. This progress might be attributed to the increase of mainstream
applications like Pokémon Go AR app that increased research interest and the mass acceptance and
adoption. MRSP was actually non-existent until 2016 afterwards it was on a steady progress upwards.
This steady progress might be attributed to the release of MR devices like Microsoft ‘s Hololens, which
was released in 2016. Considering immersive prototype research, which has a similar trend to that of
ARSP except that in 2017 it declined, this might be due to the divergent of the research to MR or XR.
The overall decline, observed in 2019 might be due to different reasons such as late publication date,

NDAs, or several other unknown factors. The term CSP is novel and not used in the literature.
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Figure 2.10 Service Prototype and different forms of Service Prototype amount of publication from 2009 up-

to 2019

36



As presented in Fig. (2.10), paper SP has the highest amount of publication in comparison to the other
SP forms. While the number of publications concerning simulation SP is about 30% that of the paper
SP, while verbal and mock-up SPs publications numbers were pretty low. The graphs show that paper

SP research is the most research and used conventional service prototyping form.

200

UL

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

@
S

@
S

o
S

S}
S

B "Service Prototype" m "Virtual Reality" "Service Prototype" Augmented Reality "Service Prototype"

"Mixed Reality" "Service Prototype" B '"Immersive Prototype"

Figure 2.11 Service Prototype and Immersive Service Prototype amount of publication from 2009 up-to 2019

Fig. (2.11) illustrates the amount of publication papers of SP research compared to the ISP research. The
immersive service prototypes that were selected were the extended reality (VR, AR, MR). Comparing
Figure 2.10 and 2.11 shows that CSP forms have much higher number of publications than ISP forms.
This shows that there is significant difference between the research done on CSP and ISP. The amount
of the publications that were found by using the term “service prototype” were much higher than all the
ISP literature. In 2019, ISP publications formed 25% of the total number of SP found literature. The
interest in ISP is growing yearly, as in 2009 it only represented 6%, which compared to the current 25%

ratio in 2019 showing increased interest in research and a steady growth in the amount of publications.

2.2. Service

Service is a broad term that might be interpreted from getting a meal in a restaurant to maintenance or
training. The selected industrial service sector relevant for this study is restricted to the industrial
manufacturing service sector. As such there was also a literature review done to extract the most relevant
definitions of service in that sector. In ISO (2015) service is defined as “the means or methods that
organizations use to deliver, usually intangible although they may also include tangible elements, results
that customers value and wish to achieve”. Shostack (1977) was one of the first to describe a service by
characterizing it into four elements (IHIP) Intangibility, Heterogeneity, Inseparability, and

Perishability. Bitner (1992) coined the term “Servicescape” by compounding three dimensions of the
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service physical environment. Sakao and Shimomura (2007) defined a service as an activity of a provider
and a customer to change the state to the desired level by means of artifacts. Several researchers
characterized a service by using three elements, Andrade (2001) with objects, procedures, and people,
Brezet et al. (2001) with device, infrastructure, and user practice, Bullinger et al. (2003) with the
structure, process, and outcome dimensions, Edvardsson et al. (2015) with activities, interactions, and
solutions, Papazoglou et al. (2006) with coupling, cohesion, and granularity, lastly Calieri and Pezzotta
(2012) with entities, life-cycle, and actors. Several other researchers define a service by four dimensions,
Gronroos (2000) with processes, activities, resources, and customer, Tomiyama (2001) with artifacts,
provider, receiver, and environment, Shimomura and Tomiyama (2005) with provider, receiver,

contents, and channel, and lastly Lusch and Vargo (2006) with competences, deeds, processes, and

performance.

Table 2.1 Service Existing Definitions
Service Definitions References
Characterized a service with four elements: “intangibility, heterogeneity, inseparability, and perishability” Shostack 1977

Characterized “Servicescape” by three compound dimensions of the service physical surroundings: “ambient 1992
Bitner
conditions, spatial layout and functionality, signs, symbols, and artifacts”

Characterized service into four elements: “processes, activities, resources, and customers” Gronroos 2000
Characterized service into three elements: “objects, procedures, and people” Andrade 2001
Characterized service by three elements: “device, infrastructure, and user practice” Brezet et al. 2001

Characterized a service by defining four aspects: “artifacts, service provider, service receiver, and environment”

o ) Tomiyama 2001
within a service framework
Characterized service into three dimensions: “structure dimension, process dimension, and outcome dimension” | Bullinger et. al 2003
Characterizes services with three core dimensions: “activities, interactions, and solutions” Edvardsson et al. 2005
. . o . Shimomura and
Characterizes a service within a framework with four elements: “provider, receiver, contents, and channel” .
Tomiyama 2005
Characterized a service with four dimensions: “competences, deeds, processes, and performance” Lusch and Vargo 2006

Characterized a service along these dimensions in the context of service-oriented design: “coupling, cohesion,
Papazoglou et al. 2006
and granularity”

Service can be defined as an activity that provider offers customers to change from an existing state to the new | Sakao and Shimomura

desired state by means of artifacts 2007

Characterizing a service by using the anatomy of prototypes as the two dimensions: “metaphor of filter and )
Lim et al 2008
manifestation of design ideas”

Cavalieri and Pezzotta

Characterizing a service in context of product-service systems: “real or abstract entities, life-cycle, and actors” 012

Characterized a service as an organizational process to add value to their customers Patricio et al. 2018

Tab. (2.1) lists the most relevant definitions of service from previous publications. According to Teixeira
etal. (2012), the focus of service innovation should be on the customer and the co-created value. Patricio
et al. (2018) concluded that service is a process that organizations use to deliver, intangible and tangible
elements, resulting in customers’ added value. According to Simo et al. (2012) any companies flop after

introducing new services, due to their complexity and intangible nature, prototyping then supports the
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involvement stakeholders in the service development. This might be due to the lack of use of new
technologies, like immersive technologies. To determine the best possible technological solution in for
added value in services; immersive technologies were selected as it satisfies those requirements for a
more comprehensive representational solution for service prototyping. All the definitions that used in
the dissertation are displayed in Tab. (2.15) and are based on the definitions found the literature as

presented in the following subsections.

2.3. Immersion and XR

Oxford dictionary defines immersion as “deep mental and social involvement in something”. Witmer
and Singer (1998) describe it as a subjective experience within an interactive environment. Slater (2003)
simply explains immersion as the degree of technology delivery in all sensory modalities and tracking
capabilities to their equivalent in the real world. McMahan (2003) adds that immersion results from the
user’s cognitive captivation in the virtual world, while Brown and Cairns (2004) add that total immersion
means a total loss of awareness of the real world. Jennett et al. (2008) clarifies that the involvement in
the task, which causes a lack of attentiveness for time and space as well as of a sense of being in the task
environment. There is a huge potential for immersive technologies in the digitalization age, especially
in the services sector. According to Pallot et al. (2013a) the immersion concept can take physical,
cognitive or collective form according to the purpose and feature. Immersive prototyping is an
innovative prototyping process that utilizes technologies to immerse the stakeholders for a specific
purpose. Conferring to Dupont et al. (2016) where it immersion is considered as the perception of being
physically there while in immersive reality providing the ability to interact and communicate with
immersive environments, where one or more of the five senses are engaged.. Moreira et al. (2013)
explained that immersive prototyping requires an accurate configuration of targeted immersive
environment as such that it is both technically and functionally similar to the real one, with strong focus

on specific stakeholders’ needs and objectives.

According to Pallot et al. (2013a) immersive technology forms vary from VR, AR, and MR. Dupont et
al. (2016) add that these immersive technologies could be utilized to fool the eyesight, hearing and
haptic; where a total immersion is when the five senses are observing the immersive reality as actual
including the natural intuitive interactions. Barnes (2017) explains that by moving around or using an
immersive device equipped with the sensors and trackers to gather information to be able to alter and
adjust the immersion. Cummings and Bailenson (2015) state that immersive technologies are becoming
more affordable. Sutherland (1968) was the first to define a graphics-driven Head Mounted Display
(HMD), as his idea was to combine it with tracking devices. information. Rolland and Hua (2005)
distinguished HMDs by their user perspective, either by being monocular, bicular, or binocular.

Powerwall is considered as a large high resolution display screen, so users can move, navigate and view

39



freely an immersive environment (Ball et al. 2007). The first powerwall was built in 1994 in the
University of Minnesota, USA. The first Cave Automatic Virtual Environment (CAVE), which is
typically a spatial display within a larger space, was invented (Cruz-Neira et al., 2012). Cruz-Neira et
al. (2012) established the distinction between passive immersion, as a user is seated and having a 360°
scene and wearing a HMD and active immersion, where the user is freely moving in 360° in a scene in
a CAVE. Fast-Berglund et al. (2018) defines eXtended Reality (XR) as a term that contains all real-and-

virtual combined environments, including user interactions with wearables like VR, AR, and MR.

According to Thon (2008) the idea of attention alteration is vital to the concept of immersion. Lombard
et al. (2009) states that immersion is understood as a user’s mental state when they are involved, or
engaged. Nechvatal (2009) suggests that the more the technology is pushed forward the more the
immersive the experience will be better. Per Pallot et al. (2013), an immersive platform is an assembly
of both hardware and software with a specific 3D content application, where VR, AR and MR
technologies are established as different immersive platforms. Immersion is the main concept that is
responsible for the added value of immersive technologies. Nordin et al. (2014) describes immersion as
“real-world dissociation”. Agarwal et al. (2019) defines immersion as the state of deep mental
engrossment, usually experiencing awareness and surrounding. Pallot and Richir (2016) defined
“immersiveness” as “the state of being deeply engaged, recognized as a tactical and sensory-motoric
immersion,; or fully absorbed in solving a problem, seen as a strategic and cognitive immersion, or
reading a captivating story or watching an exciting movie, considered as a narrative or emotional
immersion”. Immersion concept can take physical, mental or social form depending on the purpose and
attributes (Pallot et al. 2013). Conferring to Pallot and Richir (2016) on existing immersive platforms
used in various applications address senses by immersing one or more of the five human senses, this is
represented in form of an immersive User eXperience (Pallot and Richir, 2016, Dupont et al., 2017,
Pallot et al., 2017). Pallot et al. (2016; 2017) and Dupont et al. (2016; 2017) also add that immersive
technologies are used to fool the human senses; whereas total immersion constitutes the five senses to

perceive the immersive reality as real, while allowing natural intuitive interactions.

Table 2.2 Immersion Existing Definitions
Immersion Definition References
“Deep mental and social involvement in something” Oxford dictionary
Subjective experience of being enveloped in an interactive environment Witmer and Singer 1998

“The more the system delivers displays and tracking that preserves fidelity in relation to their equivalent

. . . Slater 2003
real-world sensory modalities, the more that it is immersive”
“Immersion means the player is caught up in the world of the game’s story” “results from the user’s mental
o McMahan 2003
absorption in the world”
“Total immersion results in a loss of awareness of the physical world” Brown and Cairns 2004
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“An overpowering of the sensory information, from the real environment through large screens and . o
. ; . N Ermi and Méyra 2005
powerful sounds to focus the user entirely on the stimulus

“The involvement in the play, which causes lack of awareness of time and of the real world, as well as a
. . Jennett et al. 2008
sense of “being” in the task environment”

“Is understood as a user’s psychological state when they are involved, absorbed, engaged, or engrossed” Lombard et al. 2009

“Real world dissociation measures the sense of time, awareness of surroundings and mental responsiveness” | Jennett 2009

“Immersion means the extent to which high fidelity physical inputs are provided to the different sensory Mandal 2013
anda
modalities in order to create strong illusions of reality in each”

“Immersion is real-world dissociation” Nordin et al. 2014

“The state of being deeply engaged, recognized as a tactical/sensory-motoric immersion; or fully absorbed
in solving a problem, seen as a strategic/cognitive immersion; or reading a captivating story or watching | Pallot and Richir 2016

an exciting movie, considered as a narrative or emotional immersion”

“The sensation of being surrounded by a completely other reality, as different as water is from air, that takes " 01
. . Y urra
over all of our attention, our whole perceptual apparatus Y

“Immersion is a phenomenon experienced by an individual when they are in a state of deep mental
involvement in which their cognitive processes cause a shift in their attentional state such that one may | Agarwal et al. 2019

experience dissociation from the awareness of the physical world”

The most relevant definitions and characterizations of immersion are presented.in Tab. (2.2). Bjork and
Holopainen (2004) suggest that there are four experience categories of immersion, namely the sensory-
motoric, cognitive, emotional and spatial experiences. There are several other important immersion
factors like presence which is mentioned by Slater (2003) as “the psychological sense of being in a
virtual environment”, which is also the extent of each user’s cognitive and perceptual systems are tricked
into believing they are somewhere else as mentioned by Weiber et al. (2010). Csikszentmihalyi (1990)
characterizes flow as an important immersion factor, which is considered the user’s physiological state
when they are involved in action where nothing else seem to matter. Nordin et al. (2013; 2014)
mentioned that concepts such as real world dissociation, fun, flow, presence and immersion have been
widely used to describe the digital games user’s experience. Pallot et al. (2013) describes the flow as the
totally engaged user’s feelings while attaining perception of enjoyment and control. Eynard et al. (2015)
adds that he time of usage, and the willingness to re-use can be considered as a good indicator of the
experience degree of enjoyment. Dupont et al. (2017) adds that a good way to measure the user’s
engagement degree; is by observing whether their sense of time is distorted and whether external

surroundings cease to exist for the user.

2.3.1. Immersion and Cybersickness
Many researchers theorize that the immersive experience be contingent to the user engagement degree
(Agarwal and Karahanna, 2000; Brown and Cairns, 2004). Pallot et al. (2013) suggests that an
immersive experience hinges on the degree of the user’s immersion and presence, engagement and
enjoyment. Jannett (2009) suggests that Real World Dissociation (RWD) measures the sense of time,

awareness of surroundings and mental responsiveness, and Nordin et al. (2014) proposed that immersion
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is RWD, while Dupont et al. (2017) add that the three RWD properties depend on the extent to which
one or more persons are absorbed by a common task. Pallot et al. (2013) argue that it depends on the
feeling when equipment, time and surrounding disappear from the user’s mind. Dupont et al. (2016)
suggest that immersive technologies usually fool three senses through visual, auditory and tactile
channels. There are demonstrated benefits in using immersive services prototypes, like exploring and
learning with a VR prototype, which is learning by doing without any risk (Pallot and Richir, 2015).
Krueger (2011) and Rizzo et al. (2015) have demonstrated that Immersive Virtual Environment (IVE)
can be utilized for therapy or other post-traumatic rehabilitation. Cummings and Bailenson (2015) claim
that the higher the quality of immersion, the higher the sense of presence in the IVE. According to Wirth
et al. (2007) and Cummings and Bailenson (2015), presence comprises of user sense of self-location and
interaction potential with the IVE. However, there are also drawbacks to using immersive virtual
environments; according to Lawson (2014), it can induce motion sickness, vertigo, dizziness, visual
tiredness and nausea. According to Pallot and Richir (2015), the three key challenges for realizing IVEs
are: (a) improving immersion quality; (b) increasing easiness of immersion creation; (c) reducing the
risk of the forms of sickness in immersive environments. Furthermore, when using HMDs instead of a
costly power-wall or CAVE, the resulting immersive experience and side effects might not necessarily
be the same due to the blindness of the physical environment (Pallot and Richir, 2015). Dupont et al.
(2016) mentions that full immersion occurs when the five human senses observe the computer-generated

reality as physical reality.

Davis et al. (2012) mention that cybersickness, motion sickness, and simulator sickness have
comparable indicators; however, they are instigated by different experiences. Kennedy et al. (1993)
argue that there is an association between cybersickness, motion sickness, and simulator sickness in
their primary physiological causes and symptoms forms, which might seem to be related yet dissimilar.
Stanney et al. (1997) described the difference between cybersickness and simulator sickness, where
cybersickness is described as a constellation of indications of uneasiness and sickness induced after a
VR experience. LaViola (2000) suggests that cybersickness can result in multiple symptoms, such as:
nausea, disorientation, headaches, and eyestrain. Cobb et al (1999) added that 80% of participants that
experienced a VR system had some form of cybersickness in the first ten minutes. Chen et al. (2011)
suggest that the likelihood of cybersickness in VR systems are around 30%, while Kim et al. (2005)
argue that it could be over 80%. Rebenitsch and Owen (2016) mention that while cybersickness has
been a recognized issue in VR and AR systems for years, much of the nature of cybersickness as an
ailment is still vague. Weech et al. (2019) propose that presence and cybersickness are negatively
related. Dennison et al (2016) recommend neurophysiological and non-physiological measures to
estimate the change in cybersickness during immersion. Davis et al. (2012) believe that understanding

the causes of cybersickness is a necessary step in making virtual environment more useable. According
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to Richir and Pallot (2017), the main implication of immersion due to the phenomenon of illusion (false

3D) is that it provokes brain and visual tiredness that cause uncomfortable immersive experience.

2.3.2. Virtual Reality

According to the American Heritage Dictionary (2005) “virtual” is defined as the “existing or resulting
in essence or effect though not in actual fact, form, or name", which is "created, simulated, or carried
on by means of a computer or computer network". VR classically refers to the application and use of
interactive computer generated simulations created to allow users with to engage in environments that
appear and feel similar to real world objects and events (Sheridan, 1992; Weiss and Jessel, 1998). VR
is composed of interactive computer simulations (Sherman and Craig, 2018) capable of three-
dimensional replications that have seemingly tangible bodily user interactions (Dioniso et al., 2013).
This transfers the sensory information to a user (Abari et al., 2017) to induce a behavior by using
artificial sensory stimulation with little or no consciousness of this interfering (LaValle, 2017). The
obvious strength of the VR approach is the method it assimilates users with the virtual environment
allowing also the manipulation of virtual objects, and the performing of other actions in a manner that
tries to immerse the user completely within the virtual environment. The progression in VR technology
has provided the motivation for adopting and applying it efficiently in various different industrial
applications such as design, modelling, process simulation, manufacturing planning, training, and
testing. (Mujber et al., 2019). Ermi and Méyré (2007) suggest that the potential of VR in learning is
frequently linked with its power to offer users with the immersion and presences feelings. Hwang and
Hu (2013) mentioned that the main VR benefit is its utilization as a tool to improve the understanding
of intangible or intricate concepts. Narraro-Haro et al. (2016) reported that VR captures the attention in
a manner that improves interference outcomes in experimental contexts. In an experimental learning
context, VR emotional component is thought to create a greater impact compared to traditional training

(Faria et al., 2016).

Schwald and De Laval (2003) advocated that even though AR is a novel technology than VR, it has
been considered and used in several service sectors such as, training and maintenance. Grenfell and
Warren (2010) added that immersion is frequently quoted as one of the motivations for using virtual
reality for learning. Huang et al. (2010) suggest that immersive experience becomes vital to comprehend
unknown concepts of the target user. Vince (2004) mentions that designers could design concepts and
explore them at a virtual level long before they were created and that the applications are limitless when
we reach the desired technological level. As VR is a well-established technology, there are numerous
definitions from diverse research domains. As such a definition list was created to display the main VR

characterization and definitions as shown in Table (2.3).
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Table 2.3 Virtual Reality Existing Definitions

Virtual Reality Definitions Reference
“A computer-generated simulation of a three-dimensional image or environment that can be interacted with | Online Oxford
in a seemingly real or physical way by a person using special electronic equipment” Dictionary

“VR is electronic simulations of environments experienced via head-mounted eye goggles and wired clothing

enabling the end user to interact in realistic three-dimensional situations.”

Coates 1992

“VR is an alternate world, filled with computer-generated images that respond to human movements.”

Greenbaum 1992

“Real-time interactive graphics with three-dimensional models, combined with a display technology that gives

the user the immersion in the model world and direct manipulation, we call virtual environments.”

Fuchs and Bishop 1992

“The illusion of participation in a synthetic environment rather than external observation of such an
environment. VR relies on a three-dimensional, stereoscopic head-tracker displays, hand/body tracking and

binaural sound. VR is an immersive, multi-sensory experience.”

Gigante 1993

“An immersive, interactive experience generated by a computer”

Pimentel and Teixeira

1993

“VR refers to immersive, interactive, multisensory, viewer-centered, three dimensional computer generated

environments and the combination of technologies required to build these environments.”

Cruz-Neira 1993

“VR lets you navigate and view a world of three dimensions in real time, with six degrees of freedom. In

essence, virtual reality is clone of physical reality.”

Steur 1995

“VR is when the user is effectively immersed in a responsive virtual world. This implies user dynamic control

of viewpoint”

Brooks 1999

“VR is a closed computer system that consists of a virtual environment, a physical environment, as well as a

software and hardware interface, which allows interaction between a human and a computer.”

Zaho 2002

“VR offers something new, it does allow the user to reach out and move objects about, as if they existed.” “VR

is much more than immersive systems working with an HMD”

Vince 2004

“A technology to create an environment through the simulation of computer equipment and add real or virtual

pictures in the simulated situations to comprehend the situation.”

Wan et al. 2012

a synthetic environment by means of special human-computer interface Equipment.”

“VR technologies completely immerse a user inside a synthetic environment and while immersed, the user | Kipper and Rampolla
cannot see the real world around him.” 2012
“VR is popular name for an absorbing, interactive, Computer-mediated experience in which person perceives Mandal 2013

anda

“VR is computer-generated simulations of three-dimensional objects or environments with seemingly real,

direct, or physical user interaction.”

Dioniso et al. 2013

“VR is an interactive computer simulation which transfers sensory information to a user who perceives it as

substituted or augmented.”

Abari et al. 2017

“VR is the action to induce a targeted behavior in an organism by using artificial sensory stimulation, while

generated virtual environment usually paired with advanced input and output devices.*

) . . LaValle 2017
the organism has little or no awareness of the interference.”
“ Medium composed of interactive computer simulations.” Sherman and Craig 2018
“Alternate reality technology that is characterized by generating real-time, immersive and interactive multi-
sensory experiences situated in, and artificially induced by, a responsive three-dimensional computer- | Jung 2019

2.3.3. Augmented Reality

Merriam Webster Dictionary defines augmented as the act to make “greater, larger, or more complete”

(Merriam Webster Dictionary “augmented”). Azuma (1997) first defined AR as a variation of VR, where

the users view the real environment while synchronously viewing the virtual augmented information
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seeming to the user as if the virtual and real objects coexisted in the same space. AR was categorized as
the technology that enables computer-generated virtual information to be superimposed onto a real-
world environment in real time (Azuma 1997; Zhou et al. 2008). Azuma et al. (2001) characterized that
AR adds virtual objects in a real environment, interacting in real-time and in three-dimensions. Dubois
et al. (2003) added that AR improves the user interactions by providing additional information. Chi-Fu
Lin et al. (2014) argued that AR augments the real environment rather than replacing it. Curcio (2016)
mentioned that AR increases the volume of information that a user can extract from the environment. A
number of potential AR applications have been reconnoitered, such as: visualization, maintenance and
repair, and entertainment, and targeting (Azuma 1997). AR can guide users by using virtual objects,
lately made mainstream by the Pokémon Go mobile game. The objective of this virtual information is
to convey the most relevant information to the user giving a new sense to the surrounding environment.
The sense given will depend on the anticipated application, whether for communication, maintenance,
game, training, or education (Van Krevelen and Poelman 2010). As AR is a developed emerging
technology, which is reflected in the amount of publications compared to VR, and MR. There are
numerous definitions from diverse research fields, as such a list of the most relevant definitions was

created in Table (2.4).

Table 2.4 Augmented Reality Existing Definitions
Augmented Reality Definitions Reference
“AR refer to overlaying computer-presented material on top of the real world.” Caudell and Mizell 1992

“AR is a variant of virtual reality that uses semi-transparent head-up headsets to superimpose computer- .
) Rekimoto and Nagato 1995

generated images to the actual view of the user.’

“AR is a specific example intelligence amplification: using the computer as a tool to make a task easier for Brooks 1996
rooks

a human to perform.’

“AR supplements the real world by superimposing virtual objects onto it and improving its users’
’ B Azuma 1997

perceptions and interactions between the real environment and the virtual objects.

“An AR system should: combine real and virtual objects in a real environment, run interactively and in real-
, Azuma et al. 2001

time, and register real and virtual objects with each other.’

“AR refers to display devices that add virtual' information to a user's sensory perception.” Feiner 2002
“AR improves interactions between the user and their real environment by providing additional capabilities .
. L, Dubois et al 2003
or information.
“AR systems offer precise and intuitive depictions of virtual objects and real environments.” Narzt et al. 2006

“AR is taking digital or computer generated information, whether it is images, audio, video, and touch or .
. ) . . . . " Kipper and Rampolla 2012
haptic sensations and overlaying them over in a real-time environment.

“The combination of virtual and real objects in a real environment, a system that aligns/registers virtual .
. . . . . . , FitzGerald et al. 2013
and real objects with each other; and that runs interactively in real time.’

“AR allows the user to see the reality of the environment, as well as the synthesis of virtual objects in the
real environment superimposed or contrasted with virtual reality. Therefore, AR augments real environment | Chi-Fu Lin et al. 2014

rather than completely replaces real environment.”

“AR Smart Glasses are defined as wearable AR devices that are worn like regular glasses and merge virtual
Rauschnabel et al. 2015
information with physical information in a user’s view field.”

“AR increases the amount of information that a human can take from the environment.” Curcio 2016
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2.3.4. Mixed Reality

MR is not a well-established technology yet, especially that there is still a division in different definitions
used by researchers. The basis for MR is the virtuality continuum formulated by Milgram and Kishino
(1994) a concept to describe the immersion range from real environments to virtual environments
including all the possible mixed forms. They also state that MR covers the area between the two
extremes of reality and virtuality by merging the real with virtual worlds. In this current age, the
technological advancement in MR is increasing, as such a simple classification that was presented by
Milgram and Colquhoun (1999) is no longer adequate. It is necessary to include finer divisions of the
different MR (Schnabel et al. 2007). Schnabel (2009) defines a mixed environment as the intersection
of real and virtual environments where physical and digital elements co-exist, and interact and
amalgamate. Schnabel (2009) also explains that MR integrates digital information seamlessly in the
user’s environment allowing the user to interact with these digital objects and information while
presenting it together in a single experience unlocking new boundaries of engagement in collaboration.
Dunleavy and Dede (2013) clarified that MR interfaces combine real and virtual environments to enable
mental immersion in an environment that combines physical artefacts and digital information. Schart
and Tschanz (2017) described MR as the hybrid or merged reality, lying between VR and AR, where
virtual objects expand the environment as if they were one recognizing the surroundings and displaying
digital objects in the area. The effectiveness of MR as a tools for training, especially in manufacturing
and maintenance activities is a continuing debate including experts from different fields to attempt to
define a mutual framework for designing and assessing MR tools for the industrial applications. On the
other hand, what is apparent from the success of the Microsoft Hololens, and the Hololens II in the
market and the numerous applications using MR technologies, especially if looking at the project from
the past three Laval Virtual Conference, are increasing every year as industrial acceptance and adoption

was apparent. There were several definitions for MR, the most relevant are shown in Tab. (2.5).

Table 2.5 Mixed Reality Existing Definitions

Mixed Reality Definitions Reference
“MR refers to the merging of real and virtual worlds to create new environments and visualizations, where | Milgram and Kishino

physical and digital objects co-exist and interact in real time. 1994

“In treating immersive technologies as occurring along a continuum, where there is no clear distinction between | d
Milgram an

‘augmented reality (AR)’ and ‘augmented virtuality (AV)’, but instead having a continuum with AR closer to the
Colquhoun 1999

real world and AV closer to a virtual environment.”

“The intersection of real and virtual environments is defined as a Mixed Environment (ME), within which
i Schnabel 2009
physical and digital elements co-exist, and interact and intermingle in a more expansive form.”

“MR interfaces combine real and virtual environments to enable mental immersion in an environment that | Dunleavy and Dede

combines physical artefacts and digital information.” 2013
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“MR is a type of hybrid system that involves both physical and virtual elements. Many experts describe mixed )
Technopedia Web
reality as the sliding scale between a fully physical environment with no virtual elements, and a completely
Dictionary
virtual environment.”

“MR is the result of blending the physical world with the digital world. Mixed reality is the next evolution in
Microsoft’s Definition

human, computer, and environment interaction and unlocks possibilities that before now were restricted to our c
of MR

imaginations.”

2.4. Prototyping

The word “prototype” originated from the French word “prototype” from circa 1600, which directly
comes from the medieval Latin word “prototypus”, meaning original or primitive, which also comes
from Greek “prototypon”, meaning the first form (Online Etymology Dictionary). The word was first
used in the English language from 1590s as “prototypon” (Online Etymology Dictionary). Prototyping
is a common process before having a market ready product especially for products, like cars or hardware.
Prototyping is a well-established process that is utilized in various industries (Doke, 1990). According
to Budde et al. (1992) “Prototyping is not a game, nevertheless a systematic technique for directly
translating ideas, drafts and concepts into software, and for their simulation and utilization in the system
development process”. There are several forms of prototyping; ranging from simple paper prototypes
(Snyder, 2003) to complex immersive prototypes (Kim et al., 2008). Booth and Kurpis (1993) referred
to prototyping as the “use of representations”, while Blomkvist and Holmlid (2010) state that
prototyping is the “use of prototypes to explore, evaluate or communicate in design”. According to Ries
(2011) prototyping allows for an accelerated learning effect through the increased speed of
implementation in contrast to lengthy analysis and development cycles. According to Brown (2008) the
objective of prototyping is to learn about an idea’s advantages and disadvantages and to recognize next
steps in the development process. Rhinow et al. (2012) identifies three main roles for product prototypes,
exploration, evaluation, and communication. Blomkvist and Holmlid (2011) suggest also that service
prototypes can be used for exploration, evaluation and communication. Sémann et al. (2016) identified
three purposes for using prototyping in service development comprising of (1) monetary requirements,
(2) non-monetary requirements, and (3) technical implementation. Diefenbach et al. (2019) identified
barriers to using prototyping in product development to its full potential, including; (1) organizational

integration, (2) business impact, (3) tools, and (4) skills and knowledge.

2.4.1. Service Prototyping
Conventionally a service designer starts the development process with an initial ideas brainstorming
although there are always indefinite aspects of a new design, particularly if it is connected some new
technology or in a Product-Service-System (PSS). Service are considered to be challenging to test as

they are intangible, often the only way to see if a concept actually works is to create a prototype of it
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and try it out. Still there is neither collective nor a scientifically proven system for service prototyping
development. Hippel (1989) was the first to mention the term “service prototyping” in the publication
“Shifting product and service prototyping to users: an innovation process advantage?”. Although
service prototyping has different definitions from diverse perspectives, the key is to study the
characteristics and functions of the service to be developed and to refine its prototype until the desired
concept reached. Beyer and Kochen (2013) describe service prototyping as to be a variety of approaches
and activities due to the complexity nature of services. Miettinen (2009) characterized service
prototyping with three aspects, the environment, process, and meaning, while Blomkvist and Holmlid
(2011) characterized the service prototyping framework with seven aspects, the process position,
purpose, audience, fidelity, techniques, validity, and author. Blomkvist (2014) describes it as use of

prototypes to explore, evaluate or communicate in design.

Table 2.6 Service Prototyping Existing Definitions
Service Prototyping Definitions References
Characterized service prototyping as: real-life environment, process, and meaning Miettinen 2009

Characterized a service prototyping as a framework consisting of: position in process, purpose, audience, | Blomkvist and Holmlid

fidelity, technique, validity, and author. 2011
Service prototyping cannot be said to be one thing but rather a variety of approaches and activities, because
. Beyer and Kochan 2013
of the complex character of services
“Service prototyping is described as a type of development for exploration, evaluation and communication” | Blomkvist 2014

An iterative process that uses representations of a complete service or parts of it, before it really exists, in
. . X o T van Husen et al. 2016
order to allow stakeholders, especially users, exploring, evaluating and communicating a service idea

The most relevant definitions and characterizations of service prototyping in the literature are shown in
Tab. (2.6). The published papers of Blomkvist were a major inspiration to our research in service
prototyping, and we used his research as starting point for our study on service prototyping and
prototypes. According to Blomkvist (2014) service prototyping is being embraced and applied by more
researchers, service stakeholders like designers and managers in more industries. Blomkvist and
Holmlid (2011) added that service prototyping process includes the service stakeholders in the service
development process. This inclusion enables defining a service prototyping framework (Passera et al.,
2012) that enables utilizing service prototyping for exploring, evaluating and communicating service
ideas co-creatively (Blomkvist, 2014; van Husen et al., 2016). There are several limitations in the
previous conventional service prototyping approaches found in the literature. Some of the approaches
focus on the service development process, while other approaches display certain aspects of a service;
yet most, neglect to integrate the experience of all design dimensions. Some of the proposed approaches
were more sectors specific; other methods have singular approaches that can neither be adjusted to the
complex nature of service, nor for integrating a service prototyping experience. Some of the SP

approaches found in the literature only emphasized on physical artifacts, making it challenging to
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differentiate from product prototyping. Additionally, other SP approaches created prototypes in the later
stages of development, which means that if they want to make major changes they would have wasted

resources as it is more useful to create prototypes at the earlier stages of the development.

Most of the definitions are somewhat lacking as most represent a static mono-dimensional version of
service prototyping, where the focus is only on physical artifacts and relatively unspecific future
situations leading to an abstract reflection on the developed service. Then to be able to create an inclusive
service prototyping definition that is more dimensional and broad, we needed to consider other
prototyping definitions from previous publications. Service prototyping is described as a type of
development (Blomkvist, 2014) or a use of representations (Booth and Kurpis, 1993) or a representation
of parts or a whole system (Coughlan et al. 2007) characterized by four dimensions (van Husen et al.,
2016); and that a prototype should make a service evident (Beaudouin-Lafon and Mackay, 2007) and
not an abstract nor a verbal description that needs further explanations (Coughlan et al., 2007); yet,
including a concrete (Booth and Kurpis, 1993), tangible and experiential demonstration before the final

service exists (Balzert, 1989; Blomkvist and Holmlid, 2010).

2.4.2. Service Prototype
Mogensen (1994) adds that prototypes are aimed towards the future in the sense that they suggest what
the future could be like. Gedenyrd (1998) referred to these aforementioned futures as future service
situations. However, the first mention of the term “service prototype” (SP) was from Schon and
Helferich in 1989. Service prototypes have been characterized and defined by several authors: two of
them characterized a SP with four main dimensions; Houde and Hill (1997) characterized it as the look,
feel, role, and implementation; Beaudouin-Lafon and Mackay (2007) characterized it with
representation, precision, interactivity, and evolution. Diana et al. (2009) characterized a SP with three
elements: place, situation and condition. Blomkvist and Holmlid (2010) defines it as “Any shared
physical manifestation externalizing an otherwise internal or unavailable vision of a future situation”.
The most recent and multidimensional characterization of a SP was from van Husen et al. (2016), which

characterizes a SP with four design dimensions: actors, artefacts, processes, and environment.

Table 2.7 Service Prototype Existing Definitions
Service Prototype Definitions References
Characterized a service prototype with four main dimensions: look, feel, role, and implementation Houde and Hill 1997
. . . . . . . . . Beaudouin-Lafon and
Characterized service prototypes with four dimensions: representation, precision, interactivity, and evolution
Mackay 2007

A prototype ought to make a service not an abstract or only a verbal description that requires further
) ] Coughlan et al. 2007
clarifications

Characterized service prototypes with three dimensions: place, situation, and condition Diana et al. 2009
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Beaudouin-Lafon and
“A prototype ought to make a service visible”

Mackay 2009
“Any shared physical manifestation externalizing an otherwise internal or unavailable vision of a future | Blomkvist and Holmlid
situation.” 2010

Characterizes a service prototype with four design dimension: actors, artifacts, processes, and environment | Van Husen et al. 2016

The relevant SP characterizations and definition found in the literature are shown in Tab. (2.7). Some
researchers tried to categorize and differentiate prototyping techniques with prototype’s fidelity level
(McCrudy et al., 2006); however, it is lacking an all-inclusive outlook because it only focuses on one
attribute of a prototype. It might be also problematic to divide service prototypes into vertical and
horizontal prototypes (Floyd, 1984) or even by categorizing prototypes into horizontal, vertical, task-
oriented, and scenario-based service prototypes (Beaudouin-Lafon and Mackay, 2003), which might not
be sufficient to evaluate due to the diverse kind of generated feedback (Blomkvist and Holmlid, 2011).
Most of the service prototyping publications found in the literature address prototyping techniques for
systems, products, products service systems or software. The use of prototyping in services is relatively
new, and the understanding of which SP form to use is not well addressed in the literature. There is a
lack of knowledge in the ability to select the most appropriate service prototyping form for each
prototyping purpose and for each specific service process to reach the desired objective. A list of SP

attributes are shown in Tab. (2.8) with their definition or characterization from the literature.

Table 2.8 Service Prototype Attributes (Abdel Razek et al. 2018a)
Attribute Definition Reference
Level of detail and functionality built ) Rudd et al. 1996; Beaudouin-Lafon
ideli evel of detail and functionality built into a service prototype
Fidelity and Mackay 2003
) . ) Blomkvist and Holmlid 2011;
Resolution Degree of resemblance of the service prototype to the final service design
Passera et al. 2012
Organizational resources that are being used or needed to complete a
Abdel Razek et al. 2017
Effort .
service prototype
Interactivity Degree to which the user can interact with the prototype Beaudouin-Lafon and Mackay 2003

User Experience

Perceptions and responses from the use or anticipated use of a service

ISO 9241-210 2009

prototype
Usage Defines the conventional life cycle of a service prototype Beaudouin-Lafon and Mackay 2003
Communication Transferring information and knowledge Preim and Dachselt 2015

Generating reliable and detailed stakeholder’s ideas from using a service )
Feedback o Blomkvist 2014

prototype to optimize it

Transforming intangible service ideas and concepts into a live static visible | Blomkvist and Holmlid 2011;
Visualization service prototype Moritz 2005

Transforming complex intangible service designs into a simulated Floyd 1984; Blomkvist and Holmlid
Simulation

interactive service prototype

2011

These definitions were extracted and refined to be used and to avoid confusion with other contradicting

definitions from the literature, as these definitions are most relevant to this dissertation with reference
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to the researchers that offered that definition or partial definition. Service prototypes should be
constructed according to their purposes, activities and tasks, as depending on what the objective of
service is, the service prototypes will look different. Prototypes are intended for a specific prototyping

activity and task, which can be then linked to their matching service prototyping purpose.

Table 2.9 Service Prototyping Purpose, Activity, and Objective (Abdel Razek et al., 2018a)
SP Purpose SP Activity Description References
Done when there is no current information, knowledge, and experience
Explore Experimenting Passera et al. 2012
to collect Idea
Testi Done when aspects of the functionality is known, and to analyse these Ganz and Meiren 2010,
esting
aspects’ quality for decision making Miettinen et al. 2012
Evaluate ) Done when there is doubt about viability, where can be demonstrated Blomkvist and Holmlid
Demonstrating
with evidence, can be used as a feasibility analysis 2011, Jung and Seong 2014
Done where there is information available, but no current knowledge, Houde and Hill 1996,
Learning so more knowledge can be created from the communication of known Buchenau and Suri 2000,
information for training and learning Passera et al. 2012
Done when there is no decision made yet, and through exchange Blomkvist and Holmlid
Interacting between several stakeholders a basis for decision-making can be 2011, Jung and Seong
Communicate provided 2014, Zaninelli 2013

) Done when there is no overview of the service and to create an .
Integrating ) . . ) Blomkvist 2014
inclusive concept for decision making

) Done when the time plan is unknown, and by using various prototypes )
Planning . o . . Moritz 2005
as a step in the timeline diagram it can be used for time management

Service prototyping different purposes broken down into seven activities and tasks are represented in
Tab. (2.9), which were extracted from the literature, as it was discussed in a previous publication (Abdel
Razek et al., 2018a). The purpose is dictating the conditions of how a service prototype is made
(Blomkvist and Holmlid, 2011). The three service prototyping purposes are exploration, evaluation, and
communication (Blomkvist and Holmlid, 2011). The SP form has to produce a representation sufficient
enough for the user to perceive it and react to it; causing feedback which used to improve the process
for further iterations until purpose fulfilled. The objective of a SP is to give stakeholders the most
comprehensive and rich service experience even before it exists; that produces more observations and
better feedback. The SP forms and selection factors were also discussed in one of our previous
publications (Abdel Razek et al., 2018a, 2018b). The collected activities from the literature were listed
to the corresponding service prototyping purpose; service stakeholders can use this list as a help to better

understand service prototyping purposes and activities.

2.4.2.1. Conventional Service Prototypes
We consider conventional service prototypes are the prototyping forms that use conventional methods

for representing and displaying the prototype. As the CSP as a keyword were not explicitly mentioned

51



in the literature, a search was done on alternative search terms for the literature review. Stark et al.
(2009) developed a smart hybrid prototyping approach, which includes different technologies and tools
to create prototypes like VR, AR, MR, mockups, sketches and simulation. Exner et al. (2014) compared
prototyping methods according to their fidelity levels, differentiating between physical (i.e. paper,
physical mockups, sketches), virtual (simulations, digital mockups, MR), and both (i.e. AR, functional
mockup, rapid prototyping). Several researchers attempted to differentiate and categorize service
prototyping forms; (a) Rudd et al. (1996) with implementation, (b) Walker et al. (2002) with application,
(c) Holmquist (2005) differentiated them into low and high fidelity, (d) Kim et al. (2006) with usability,
(e) Blackler (2009) with type of interaction, and (f) Blomkvist and Holmlid (2010) suggests that is a
variety of approaches and activities. To make it easier to understand the concept of conventional service
prototyping, a classification for the forms was established in our previous publication (Abdel Razek et

al., 2018a).

These different SP forms are differentiated by their method of application and representation. The
conventional SPs are categorized into four forms, (1) Verbal Service Prototypes (VSP), (2) Paper
Service Prototypes (PSP), (3) Mock-Up Service Prototypes (MSP), and (4) Simulation Service
Prototypes (SSP). All these keywords that represent CSPs didn’t exist in the literature in these forms,
still through the literature review we found similar definitions and characterizations that helped in

defining these terms in a later sub-section.

2.4.2.1.1. Verbal Service Prototypes
Verbal Service Prototypes (VSP) are based on engaging stakeholders by increasing their understanding
of a new service idea verbally, there was no definite definition for VSP found in the literature. Bill
Moggridge explains in his keynote speech at the Danish Service Design Symposium “when you put all
these things together, with elements from architecture, physical design, electronic technology from
software, how do you actually prototype an idea for a service, and it seems that really, it’s about
storytelling, it’s about narrative” (Moggridge 2008). The verbal communication is key for stakeholders
to understand and give feedback. Blomkvist and Holmlid (2011a) explain that VSP aims to uncover the
real add value of storytelling when releasing the needs of stakeholders as well as help them realize new
opportunities, this all while deepening provider’s understanding of service hotspots. From our
understanding of the literature we will consider the VSP definition from our previous publication, as
relies on verbal communication to create a cognitive stimulus to engage stakeholders in a narrative or
story (Abdel Razek et al., 2018a). VSP could be used with conjunction with other prototyping forms. It
could be done as an introductory prototyping process, to start a brainstorming session or to deduce

stakeholder’s requirements for example. VSP creation requires little effort, nevertheless a skilled
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narrator is vital to effectively engage and influence stakeholders. The main indicator of success is the

stakeholders’ engagement, acceptance level, and their amount of feedback.

2.4.2.1.2. Paper Service Prototypes
According to Ehn and Kyng (1992) paper prototyping is considered as one of the most utilized
prototyping form in service design, particularly when aiming on involving stakeholders. Brandt and
Grunnet (2000) clarify that paper service prototyping makes the stakeholder’s involvement in the service
development process feasible. Synder (2003) considers Paper Service Prototypes (PSP) as a
representative variation of user’s usability testing by performing tasks while using paper. Kangas and
Kinnuen (2005) suggest that PSP can be used to get key insights on stakeholders’ requirements, and
identify stakeholders’ gains and pains without any technological investment. Paper prototyping
emphases on co-creation, by gathering information from stakeholders in form of fuzzy paper mock-ups;
where several iterations could be used, to improve the prototype. Paper service prototyping could be
used as a preliminary prototyping process when prototyping a service. Paper service prototyping
involves little to no effort, and its main success indicator is stakeholders’ engagement and the quality of
feedback. Paper is a practical prototype form as it is readily available virtually everywhere, and its shelf
life is very long if stored properly; on the other hand, it is not the most sustainable material. PSP enables
creating a rapid service prototypes by using handwritten notes, and drawings, as it is a skill that virtually

every stakeholder masters and can do in a short period of time.

2.4.2.1.3. Mock-Up Service Prototypes
The word “mockup” stems from Circa 1915-1920, from the verb mock up by imitation which comes
from the French word “maquette” which translates roughly in a prototype (Webster's New World
College Dictionary “mockup’). In an industrial context, a mock-up could be anything from a scale or a
regular size depiction to representation of a design, equipment, machine. Mock-ups are also widely
accepted as tools for teaching, demonstrating, designing, evaluating, and testing in various industries.
Papantoniou et al. (2016) considered a mock-up also as a prototype if it delivers some design
functionality for testing. Mock-ups are often used by designers to acquire feedback from stakeholders
about design ideas early in the design process. Mockups could be constructed in a physical or a digital
form as discussed by Exner et al. (2014). Morris (1992) describes a physical prototype as an early form
model used in assessing design, fit, form and performance. Antionino and Zachmann (1998)
characterized a digital Mock-up as a realistic computer simulation of a product with the capability of all
required functionality covering every process from design, manufacturing, and service. Greasley (2004)
adds that mock-ups could be also used to communicate a new service idea. Moritz (2005) explains that
rough mock-ups can help stakeholders understand the service idea quickly, while perfect mock-ups help

in evaluating and explaining it. Mock-ups can be used to assess the limits and possibilities of service
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aspects. Fontaine et al. (2009) indicated that a mock-up could communicate the service idea before its
creation. According to Miettinen et al. (2012), a mock-up can be realized in using various methods and
material, which can be iteratively enhanced to introduce more detailed prototype as the need arises for
evaluating more precisely. Blomkvist and Holmlid (2012) add that mock-ups comprise either one
physical element or a combination of them that can be made from different materials and by different

methods. Physical mock-ups are routinely used for assembly tests (Bernard, 2005).

Digital Mock-ups are usually in the form of images, videos, three-dimensional models, or figures that
illustrate or explain an idea (Halskov and Nielsen, 2006). Miettinen et al. (2012) refers to digital mock-
ups as concept mock-ups with digital user interface with both physical and digital interactions. The
selection of the tech, form, method and material of mock-ups depends on the stakeholder’s needs for
interactivity, engagement, and conception factors. Mock-ups service prototypes can be intricate and
complex (Moritz, 2005), as such there is no commonly used definition for Mock-Up Service Prototypes
(MSP) in the literature. MSP improves the comprehension of a service artifact to simulate elements from
real service situations. MSP can be used as part of an early service experience for to envision service
scenarios and artifacts, or be used as an evaluation prototyping tool, or even to communicate a SP to
stakeholders. Mock-ups can be also in form of video or animation that allows the stakeholder to evaluate

or communicate the prototype in form of creating one.

24.2.14. Simulation Service Prototypes
According to the Cambridge Dictionary “simulation” means “a model of a set of problems or events that
can be used to teach someone how to do something, or the process of making such a model” (Cambridge
English Dictionary “simulate”). Merriam Webster defines it as “the imitative representation of the
functioning of one system or process by means of the functioning of another” (Merriam Webster
Dictionary “simulate”). Gaba (1999) describes simulation as a technique that replaces and enhances the
real experiences with guided ones replicating a significant aspect of the real world in a fully interactive
manner. According to Gladwin and Tumay (1994) simulations can be done for almost all service
processes. Conferring to Shostack (1982) whom included that real service scenarios are getting more
complex every day, while Smith (1999) added that rarely does a simulation cover all the design
dimensions; still, it proposes a quicker, more pragmatic and cost-effective method to evaluate a service
system. Leonard and Rayport (1997) explains that physical simulation, with artefacts, might be
supportive for stakeholders to test the service beyond their physical limitations, and include that
computer-based simulation prototyping can be useful in simulating multi-dimensional service situations.
Smith (1999) also clarifies that the process is more than conducting examinations to get a better
understanding of the service system, or to evaluate a service design. Eriksson (2005) illuminates that

simulations can help in anticipating various service variables reactions at different service stages,
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coming in many forms ranging from simple paper simulation to computer-generated simulation. Exner

et al. (2014) describe a simulation as the design and replication process of a service process.

However, Blomkvist and Holmlid (2012) mention that simulation based prototypes can be mostly useful
for fast primary service idea evaluation. According to Lateef (2010) simulation-based learning can be
the answer to developing professionals’ skills, and attitudes, whilst not taking any unnecessary risks.
Then simulation can be considered as a process that can be used to practice, learn and demonstrate that
can be implemented in many different fields. The basic initial cost of simulation is relatively low; but,
depending on the resolution and fidelity levels; the costs can be considerably higher. Nonetheless, still
could be considered a worthwhile investment. Agreeing with Blomkvist and Holmlid (2012) in that
simulation of SP is lacking a real-time representation affecting the user experience; often by giving a

predetermined reaction to every interaction, contradicting with the random nature of service interactions.

2.4.2.2. Immersive Service Prototypes
Immersive service experience is an expression or describe the state of immersion of stakeholders while
in action in an IVE (Sayers et al., 2014); co-creative virtual environments (Ciasullo et al., 2018) or
service learning environments (Hullender et al., 2015); or for in the development of students’ skills and
knowledge (Barton, 2015). Sarkar (2016) also mentions immersive service experience in regards to the
aim of internet of things application to provide a real-time interaction. Dupont et al. (2016) explain that
immersive devices can come in many shapes and forms, as the Head-Mounted Display (HMD), where
stakeholders can be visually immersed, and the addition of tactile and haptic devices can improve the
immersive experience. According to Pallot et al. (2013a) the degree of immersion is the key to engage
the stakeholders along the design process, depending on the number of stakeholders’ fooled senses
including how the feeling of time, effort and technology dissolve. Immersive prototyping is a novel
research field, and until the writing of this dissertation there were only 46 published papers in total when
searching for the term “immersive prototyping” on the Google scholar database. This is one of the
motivations that derived the search for the definitions and characterizations on that topic, which was
done throughout the literature review. This was to set some standard of definitions to be further
researched, which could be discussed and even reused by other researchers in the future research. Further
characterization of immersive technologies service prototyping applications is needed. This is needed
to differentiate between the conventional, and immersive service prototypes, as a book could be
immersive even though it is paper based. Conferring with previous published papers from Pallot and
Dupont, we could consider immersion in ISP as digital immersion based on the use of immersive
technologies, making the degree of immersion considerably higher than the conventional SP forms. To
figure out this degree of immersion, the term Immersiveness was used to describe the digital immersion

degree of a prototype based on immersive technologies (Pallot et al. 2013).
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According to Kohler et al. (2011) immersive technologies could be used to offer stakeholders
information and training about the service that will be offered. Services are tangible concepts that need
to be experienced to be truly understood. In the context of service prototyping, the potential of innovative
representational technologies that allows users to learn, understand and follow instructions when
handling an unknown task in a risk free environment, is quite huge. Immersive technologies are said to
enable the simulation of various service tasks that require numerous and native interactions. According
to the published papers found, organizations are starting to make use of innovative technology in
industrial application, especially in prototyping. This might be a critical advantage for every
organization for keeping a competitive edge because the level of service is the differentiator in many
cases in the industrial service sector. Therefore, any advantage that can be achieved by efficiently and
effectively implementing immersive technologies to face the modern challenges confronted in the
current industrial service practices is definitely welcomed. ISP is a novel approach to the service sector,

which explains why there is a scarcity of published studies.

The published papers explicitly discussing the impacts of immersive service prototyping or, immersive
service prototyping experience were found to be lacking, as there is very little information about the
topic. Several new conventions and conferences have been created to research immersive technologies,
and a large number of facilitators and consultancies are using service prototyping in their initiatives and
workshops. Immersive Service Prototypes was not mentioned as a term in the literature before our
previous publication (Abdel Razek et al., 2018a) concerning the exploration and definition of immersive
service prototypes, so some keywords were chosen to best represent the key terms used. Immersive
service prototypes literature was first cited starting from the year 2009, before that there were no
publications mentioning the keywords. As such we choose the keywords (a) “virtual reality”, (b)
“augmented reality”, (c) “mixed reality”, all three of them combined with “service prototype”, and then
“immersive prototype” as these keywords might best represent ISP literature. XR service prototyping
implementations may seem to be compatible, as SP aims to visualize a tangible idea and turn it into an

experience, and immersive technologies (XR) aim to visualize simulations into an experience as well.

24.22.1. Virtual Reality Service Prototype
As seen from the figures of Virtual Reality based Service Prototypes (VRSP) publication numbers, there
is an increase in the number of publication throughout the years. Many researchers used virtual service
prototyping process, and used virtual service prototypes. Nevertheless, there is a lack of definition and
description about VRSP. Brooks (1999) clarifies that it is VR when the user is successfully engrossed
in an interactive virtual environment. Kipper and Rampolla (2012) explained that VR immerses the user
completely inside a computer-generated environment. Gowda et al. (1999) added that VR involves using

computers and other technologies to create digital prototypes. Song et al. (1999) referred to virtual
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product prototyping as the simulation of the user and product with their interactions throughout the
design stages to analyze the performance of the product; the same could be then interpreted then for
services and service interactions. Kohler et al. (2011) explained that VR then could deliver a variety of
possibilities to dynamically assimilate users into the service development process, like by co-creative
object creation and distribution. Rau et al. (2016) used VR prototypes as a term to differentiate between
prototyping forms in a service innovation context, where it is a computer-based environment as users
can interact via digital representations of themselves. The main advantage for VR is being able to
training of risky tasks without any risk, like sky training (Pallot and Richir, 2015). Jung et al. (2019)
concluded that alternative reality technologies are characterized by means of creating an instantaneous,
immersive and interactive experience, where the user is in a three-dimensional computer-generated

virtual environment.

2.4.2.2.2. Augmented Reality Service Prototype
As seen from the figure of the Augmented Reality based service prototyping published papers, it is not
well researched as well. There are many applications that mainly use AR to test the prototypes with
stakeholders, or to guide stakeholders through a prototyping process. The literature still lacks definition
for Augmented Reality Service Prototype (ARSP), and the characterization of what kind of impacts does
AR have on the prototypes and stakeholders. Caudell and Mizell (1992) referred to AR as the
overlapping of computer generated information on top of the real world. Narzt et al. (2006) stated that
AR systems allow intuitive representations of virtual information in real environment, while permitting
natural interactions. Feiner (2002) mentions AR as the ability to display the added virtual information

onto a user’s cognitive perception.

24.2223. Mixed Reality Service Prototype
The Mixed Reality based service prototyping literature is definitely lacking behind the other two
immersive forms, but for that reason until 2016 there was hardly any research done in the field. This
scarcity of published papers shows that this field is novel, and is definitely lacking the definition, and
even in the number of applications and use-cases. MR integrates digital information with the user’s
environment allowing user interactions (Schnabel, 2009), while combining both environments to
mentally immerse the user (Dunleavy and Dede, 2013). MR expands the reality by virtual objects and

information, which is displayed on the surrounding area (Schart and Tschanz, 2017).

2.5.  Experience
Experience is a broad term that is widely used in research and practice as well. There are abundance of
literature discussing experience, its facets, aspects, and definitions. Carbone and Haeckel (1994) defined

an experience as the impression formed by stakeholder’s encounters with products, and services.
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Bergmann (1999) refers to experience as the stored knowledge attained during previous issue resolving.
Pine and Gilmore (1999) mentioned that experiences are individual events that affect each in a personal
manner, stemming from the individual’s previous mental and physical state. Schmitt (2003) explains
that experiences result from underlying a situation that triggers the senses, heart and mind. While Collins
(2007) argues that experience is the summation of skills and information resulting from participating or
observing an activity or event. Berry and Carbone (2007) clarified that an experience can be a positive
or a negative experience, depending on the user’s impressions, which can be anything that is perceived
or sensed. According to Sanders (2008) customers are the true experts in domains of experience such as
living, learning, or working and bring them to actively participate in the design decisions. A list of the

most relevant experience definitions from the literature is shown in Tab. (2.10).

Table 2.10 Experience Existing Definitions
Experience Definitions References
“Take-away impression form by people’s encounters with products, services, and businesses — a perception | Carbone and
produced when humans consolidate sensory information.” Haeckel 1994

“Experience is specific knowledge that has been acquired by and agent during past problem solving;” therefore
Bergmann 1999
“experiences are stored knowledge.”

“Experiences are events that engage individuals in a personal way and derive from the individual’s prior state of | Pine and Gilmore

mind and being.” 1999

“Result of encountering, undergoing, or living through situations. They are triggered stimulations to the senses, )
Schmitt 2003
the heart, and the mind.”

“The accumulation of knowledge or skill that results from direct participation in events or activities” and “the )
Collins 2007
content of direct observation or participation in an event.”

“An experience is inherent; a positive experience is not. Customers consciously and unconsciously filter a baggage
Berry and Carbone

of clues, in the form of experiences, and organize them into sets of impressions —. Anything perceived or sensed — 2007

>

or conspicuous in its absence — is an experience clue.’

The agreed standard definition of UX as the International Standard Organization (ISO FDIS 9241-210):
"User Experience is a person's perceptions and responses that result from the use or anticipated use of
a product, system or service". In a service context, McCrudy (2006) describes UX as the interactions
between the service stakeholders and the service, organization, creating a reaction. According to Wu et
al. (2009) UX is categorized into two constructs, namely: Quality of Service (QoS) and Quality of
Experience (QoE), they also modeled QoE as multi-dimensional construct of user perceptions and
behaviors. Wu et al. (2015) adds that the presence depends on QoS factors, such as: latency, frame-rate
or optical calibration. In the case of an immersive experience, Pallot et al. (2013) suggests an extension
on Wu’s models, to take account of social interaction in immersive environment context. We will
consider the UX ISO definition as the standard definition, as such no definition table of UX definitions

was created.
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The customer experience is a term widely used by researchers, according to Brakus et al. (2009) there
is a customer experience for every service exchange. While Pine and Gilmore (1999) describe this
experience as a series of memorable events. Grewal et al. (2003) characterize the customer experience
in regards to two experiences, price and promotion. Verhoef et al. (2009) define it as a multidimensional
construct that illustrates the customers’ holistic state in the nature, involving their cognition, affection,
emotions, social and physical responses to the provider or seller. As our research encompasses all
stakeholders of the service in the prototyping process, we can use the customer experience as a basis for

the stakeholder’s experience. The relevant definitions of customer experience are listed in Tab. (2.11).

Table 2.11 Customer Experience Existing Definitions

Customer Experience Definitions References

“By ‘total experience’ we mean the feelings customers take away from their interaction with a firm’s goods,

Haeckel et al. 2003
services, and ‘atmospheric’ stimuli.”

“A personalized experience is unique to each individual consumer. Co-creation experience takes place in | Prahalad and
individual-centric experience networks. Linked to learning process and change.” Ramaswamy 2004
“Customer service experience is a holistic, perceived phenomenon that is always subjective, case specific and )

Schembri 2006

personal.”

“The internal and subjective response customers have to any direct or indirect contact with a company” even
Meyer and Schwager

the “unplanned encounters with representatives of a company’s products, services, or brands” as well as 2007

“word-of-mouth recommendations or criticism, advertising, news reports, reviews, and so forth.”

“An experience is also built up through a collection of these touch points in multiple phases of a customer’s o
Puccinelli et al. 2009
decision process or purchase journey .

“The total customer experience is a multidimensional construct that involves cognitive, emotional, behavioral, )
Schmitt et al. 2010
sensorial, and social components.

“The customer’s subjective response to the holistic direct and indirect encounter with the firm.” Lemke et al. 2011

“Cognitive, emotional, physical, sensorial, spiritual, and social elements that mark the customer’s direct or

s

indirect interaction with other market actors.’

De Keyser et al. 2015

“Customer experience is a multidimensional construct focusing on a customer’s cognitive, emotional,

behavioral, sensorial, and social responses to a firm’s offerings during the customer’s entire purchase journey.”

Lemon and Verhoef
2016

“An experience can be thought of as the result of a process or a customer journey that builds on multiple
encounters at different touchpoints. The experience is formed by what happens during the journey and different

>

stages of the process may have a stronger impact on the overall evaluation.’

Patricio et al. 2018

An extensive literature review was done on all the relevant and most referenced publications concerning
Service eXperience (SX) definitions. Tseng et al. (1999) proposed that it could come in form of a
sensation or information that creates perceptive, emotive, and interactive responses; resulting in a
memory (Edvardsson et al., 2005), which according to Patricio et al. (2011) spans all possible encounters
with diverse actors in different situations. Chandler et al. (2015) considered SX as an ongoing dynamic
engagement of actors, while Jaakkola et al. (2015) defined it as subjective, and individual depending on
the stakeholder’s expressions and interpretations. Bell (2005) argues that SX can be affected through
varying the pleasure constructs, while Flanagan et al. (2005) add that it is affected by the service quality.
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Galetzka et al. (2006) argue that SX is most affected by the service validity and reliability, however
Aurier et al. (2007) claim that service value, and customer relationship quality affect SX. Most of the
relevant definitions and characterizations for the term “service experience” were collected in table form,
which was also discussed in one of our previous publications. A list of the most relevant SX definitions

and characterizations are displayed in Tab. (2.11).

Table 2.12 Service Experience Existing Definitions

Service Experience Definition Reference
“The outcomes of interactions between organizations, related systems/processes, service employees and

Bitner et al. 1997
customers.”

“Experience of service in its totality, a sensation, or knowledge acquisition that emerges from being engaged
) Tseng et al. 1999
with many actors at different times and places.”

“A service process that creates the customer’s cognitive, emotional, and behavioral responses, resulting in a
Edvardsson et al. 2005
mental mark, a memory.”

“Hedonic impression” “Practical contact” “Individual experiences” Helkkula 2011

“A service experience spans all potential service encounters with different potential partners” “is a process
that happens over multiple channels within one focal organization” “encompassing the interactions between | Patricio et al. 2011

the customer and all organizations in the value network needed to perform a given customer activity.”

“Service experience is an actor’s subjective response to or interpretation of the elements of the service,
Jaakkola et al. 2015
emerging during the process of purchase and/or use, or through imagination or memory.”

“The overall customer experience that is borne out of all forms of customer interactions, communications, and
) ] ) ) o Kumar et al. 2019
transactions regarding the service offerings, over time.’

There are several models discussing the occurrence of technology user adoption, which identified
different technological impacts affecting the adoption potential. These adoption impacts are mentioned
in the literature from several researchers; (1) Fishbein and Ajzen (1977) proposed the theory of reasoned
action; (2) Ajzen and Kuhl (1985) proposed the theory of planned behavior; (3) Davis (1985) proposed
the technology acceptance model, (4) Bandura (1986) proposed the social cognitive theory, (5) Davis et
al. (1992) proposed the motivational model, (6) Thompson et al. (2001) proposed the model of PC
utilization, (7) Venkatesh et al. (2003) proposed the unified theory of acceptance and use of technology,
(8) Robinson (2010) offered the theory of interpersonal behavior, (9) Rogers (2010) suggested the
diffusion of innovation theory. (10) Taherdoost (2018) compared these aforementioned theories to better
understand their application. The measurement model from Topolewski et al. (2019) was applied in

order to figure out the causal effect of the SP eXperience (SPX) on acceptance and adoption.

There were several identified aspects from these aforementioned theories that would be used in
developing the Service Prototype Acceptance Model based on UX (SPAMUX); most of them are
subjective like usefulness, attitude towards use, and actual user’s expectation. Davis (1985) proposed
the Technology Acceptance Model (TAM) to model the user’s technology use acceptance; Vankatesh

and Davis (2000) extended the TAM model to include the adoption’s perceived usefulness, social
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influence, cognitive instruments, and demonstrability. Venkatesh and Bala (2008) proposed an
additional extension on the TAM model including the effects of the perceived ease of use, which impacts
the behavioral intensions negatively and the perceived usefulness positively due to the increased
technological experience. The experience of a prototype could represent a part of the final service
experience, as such it is vital to create an experience that represents the actual situation and shows the
attitude towards using and the intention of using a prototype. The SPAMUX is based on the external
variables that affect the acceptance of a service prototype, where these variables are divided upon (1)
monetary usefulness, (2) non-monetary usefulness, and (3) technical usefulness. The non-monetary and
technical usefulness are directly affecting the attitude of the user towards using the service prototype,
while the monetary usefulness directly affects the intention of using the service prototype. The actual
use is then aggregated from the attitude towards using and the intention to use. The SPAM model will

be further explored in future publications.

2.6. Immersive Technologies (XR) in Assembly
The SP used in the experiment is an instructional guide prototype created to represent the actions of
service technician servicing machinery. This is a widely used method in the industrial services
(maintenance, remote service, etc..), and there were several published papers found that investigate the
use of different immersive technologies to assist in similar industrial tasks, most notably for assembly,
and training. We identified several studies reporting some form of SP applications or case studies;
however, most are lacking the inclusive analysis or validity. These reported experiments applied mainly
qualitative methods, only few used quantitative methods, and none used mixed methods. They were
typically based on a case study within an actual or virtual service scenario. Most of these selected current
publications investigated a service for which they utilized SP for exploring, designing, evaluating and

communicating a service idea. Tab. (2.13) represents a list of the relevant previous SP studies.

Table 2.13 SP Studies in The Literature
Studies Industry SP Research Description Reference
Service ) o Studying how experts work with prototypes and | Blomkvist
Service Qualitative study composed
Prototyping ) SP ) ) . the different meanings of prototyping in | and Holmlid
o Prototyping of six expert interviews )
Definition practice 2010
) Tourism o Using props and mobile AR for a service
Service . Qualitative  research by Arvola et al.
Service AR ) walkthrough to test the development of
Walkthrough using case study 2012
Design augmented tourism services

Qualitative  research by
Simulating customer activities in a 3D service
Car self-sales | Automotive using usability use case to
. ) VR ) VR environment aims to suggest a service | Ohetal. 2013
service retail test a model through service
) model of self-service car sales environments
prototyping
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o Doing a Hybrid of theatre style storytelling and
S-Scape Qualitative  research by
VR to improve a service design for brand | Jung Bae
Service Retail VR using case Study in a shop ) )
) ) guidance structures for the convenience of | 2014
Prototyping floor environment
customers
o Learning if their service prototyping methods
Qualitative  research by
SINCO Service can induce transformational change, if it can | Kuure et al.
) SP using interviews, and use .
Methods Prototyping prompt learning processes, and to deconstruct | 2014
case data
the service design process
Qualitative research by | Analyzing prototyping methods and tools to
PSS Lifecycle | Manufactur using case study of testing | foresee their potential and determine how | Exner et al.
Testing ing Industry VR the smart hybrid prototyping | existing methods can be used for PSS- | 2014
of PSS lifecycle Prototyping
Qualitative  research by ) .
) . . Improving  service process based on
Service using a case study of real life
visualization of human-behavior and point-of- | Fukuhara et
Processes Hospitality | pgp | experiment  with  real
o ) ) sales visualized data to improve service | al. 2014
Optimization physical sensors in a
processes
restaurant
Evaluating Qualitative research by
Simulating a VR experience for the customerin | Kwon et al.
Servicescape Retail VR using case study, and user ) .
) a Duty-free shop to gauge their buying patterns | 2015
Designs feedback
3D Multiple Quantitative research by
) Healthcare ) Using a mobile App for VR medical imaging to
Medical ) using a  survey 30 . ] Peng et al
Consultatio | pp evaluate the appropriateness of a 3D VR service
Imaging participants in a scenario of o 2017
n ) app for further utilization
System a doctors’ consultation
Virtual Body- Qualitative  research by
) . . . Evaluating the virtual body storming methods )
storming Service using case study with three ) ) . . Boletsis et al.
. . VR with experts regarding the user immersion and
Cognitive Prototyping experts to evaluate a VR 2017
) ) engagement
Walkthrough service prototyping method
Quantitative research by | Evaluating VR service walkthrough method
Prototyping . . ) o
) Service using a two group of 21 | based on the user experience and the subjective )
Service ) VR o o ) Boletsis 2018
] Prototyping participants each fill a | significance and quality of feedback they
ourney
survey after using it produced afterwards
Mixed methods approach | Evaluating a mobile AR prototype App by using
Mobile AR ) ) . ) . ) )
A Ux with questionnaires, | various methods and sensors. This multi- | Satti et al
PP Evaluation AR physiological sensors, and | method approach can capture the holistic UX of | 2019
Evaluation ) .
performance evaluation any service, system or product.
Quantitative research by
Evaluation of . . ) Comparing an AR guidance with a conventional
Assisted using a  comparative ) ) ) . )
an AR . . guidance in an industrial environment based on
Manufactur | 4p experiment of comparing Bode 2019
Assembly . ) ) the user experience and feedback to implement
ing two guidance systems in an
Guidance the better solution in the organization
industrial setting

Only three quantitative studies were found; however, none had reached anywhere near 100 participants.
Swedish, Korean and Japanese scholars were pioneers in applying immersive technologies on service
prototypes. Attention to immersive technologies and their applications, especially in service

prototyping, is on the rise since 2014; this could be also observed from the strong servitization and
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digitalization mind-set of the EU, especially in France and Germany. Immersive service prototypes were
used to visualize human behavior through avatars. Others explore the user experience, or service
experience or service environment. Immersive service prototypes were also intended to optimize service
processes, and to improve service design. Other studies showed the use of ISP to train employees (Kuure
et al. 2014) or even to simulate self-services (Oh et al. 2013). Several studies also compared
conventional SP forms with each other, to find out which one has a better performance and experience
(Bode 2019), and almost in all of them ISP performed better and gave a better experience (see a
presentation of those studies in the chapter Discussion). ISPs were especially utilized in stakeholders’
centered service situations with complex interactions. ISPs are used in various industries like
manufacturing (Bode 2019), automotive (Oh et al. 2013), retail (Kwon et al. 2015), healthcare (Peng et
al 2017), hospitality (Fukuhara et al. 2014), and customer services (Jung Bae 2014). Mixed methods
evaluation is used in similar studies that include an evaluation of multiple prototypes, in both

conventional and immersive forms (Satti et al. 2019).

We research several published papers that compare or investigate the use of immersive technologies in
the field of assembly and instruction guidance; to be able to have a better understanding of the impacts
of immersive technologies on the service prototype used in the experiment. The most relevant
publications were selected and presented in Tab. (2.14) to illustrate the differences and similarities

between them and our research.

Table 2.14 XR Assembly Relevant Publications
Publication Title Field Tech Description Reference
Virtual prototyping for Explained their virtual prototyping design approach for
) Product ) 4 . ) Tseng et al
customized product VR manufacturing simulation techniques; to support the
Development 1998
development implementation of concurrent engineering.

Experimentation of compare assembly completion times of VR,
VR and AR as a training A ol VR AR, engineering drawing, and assembly plan. The results | Boud et al.

ssembly
tool for assembly tasks AR showed that VR and AR were found to out-perform the 2D | 1999

engineering drawing.

Experimentation of comparing blueprints, non-immersive
desktop, and an immersive VR environment to examine the
Assembly planning effectiveness of the skills learned. The results showed that on | Banerjee et al.
. ) Assembly VR o o ) ) )
effectiveness using VR average the participants using immersive and non-immersive VR | 1999
outperformed the ones using blueprints by 50% of assembly

completion time.

Investigated the usability of VR for manufacturing assembly.

Boud et al
VR as a tool for assembly | Assembly VR The results highlight several limitations of VR application, like 2000
the lack of haptic feedback.
Physically based
) . ) Studied the characteristics and requirements of virtual assembly | Wang et al.
modeling in  virtual | Assembly VR o .
versus traditional computer graphic based assembly. Results | 2001
assembly
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showed that the virtual assembly provides an intuitive method of

assembly evaluation.

Experimentation of a task completion in a VR environment and

VR and its usefulness for | Ergonomic areal environment. The results showed that VR can be compared | Whitman et
VR
ergonomic analysis Analysis to a similar experimental task in real environment if it involves | al. 2004
only measuring movement ranges.
VR and AR support for ) . . )
) . . . VR Described the architecture of a AR and VR systems in the | Dangelmaier
discrete manufacturing | Simulation ) . )
) ) AR supporting of the manufacturing planning process. et al. 2005
system simulation
Compared between desktop VR, desktop stereo VR and a paper-
Effectiveness of paper, based approaches in regards to performance, completion times,
) ) Strobel  and
VR and stereo-VR in the and accuracy. The results showed that the complexity )
. . . Assembly VR L . . Zimmerman
delivery of instructions significantly impacts the performance in regards to the 011
for assembly tasks completion time, and that the representation benefits the
accuracy.
Compared VR training and traditional physical training on the
Virtual  training  and effectiveness for learning transfer. Results showed that the
) . o . o Carlson et al.
learning  transfer of | Assembly VR physical training outperformed virtual training; however, after 2015
assembly tasks two weeks the VR trained participant improved their assembly
times.
Experimentation of solving 3D burr puzzles comprised of virtual
Comparison of virtual and physical training elements, with VR, paper and video based )
. . . . Murcia-Lopez
and physical training instructions. The results showed that the performance of VR
) Assembly VR . o o and Steed
transfer of bimanual trained participants was promising; however, there were no 2018
assembly tasks significant differences between VR training and the best
performing physical training.
Investigated the role of different visual cues while performing
Manual assembly manual assembly in an immersive VR setting and a non- o
o . . . . . . Dwivedi et al.
training in virtual | Assembly VR immersive environment in regards to user’s performance. The 2018
environments results showed that for specific tasks immersive VR training
might be faster and more accurate than training on a 2D screen.
Application of VR in task ) ) o . B
o ) Experimentation where the participants either used a VR training
training in the ) . ) ) Barkokebas et
. Maintenance VR or a traditional paper instructional manual. Where VR users were
construction ) al. 2019
o on average slower and less successful at completing the task.
manufacturing industry
Integrating AR in the ) ) ) ) o )
) Details an introduction to AR systems, and described the abilities | Reinhart and
assembly domain- | Assembly AR
and the added value of AR in assembly. Patron 2003
fundamentals
Compared AR assembly guiding system with a printed manual,
Performance evaluation computer assisted instructions using a monitor and usinga HMD. | Tang et al
Assembly AR
of AR for direct assembly The results showed that AR reduced the assembly task error rate | 2004
by 82%.
AR for assembly Experiments to validate the performance of an AR-based method v |
uan et al.
guidance using a virtual | Assembly AR using a monitor and a HMD, which showed that the AR-based 2008
interactive tool method can provide an efficient way for assembly guidance.
AR for assembly ) ) . ) )
) Experiment to compare AR assembly guidance with a paper | Wiedenmaier
processes design and | Assembly AR )
manual and a verbal expert tutorial. The results showed that AR | et al. 2009

experimental evaluation

64




is more suitable for complex tasks, where in simple task the

performance didn’t differ significantly.

Using Animated AR to

Experimentation with AR prototype guiding system against a
paper based. The AR system yielded a shorter duration to the task

completion, while, having less assembly errors, and even

Hou et al

provide guided assembly

work instructions

and score. The use of MR led to a time saving of 16% over the

tablet AR, and had lower error rate as well.

cognitively guide | Assembly AR ) )
lowered the task total load. The learning curve of beginner | 2013
assembly
assemblers was reduced and task performance relevant to
working memory was increased.
) Compared and evaluated an AR assembly guidance system with
Evaluation of an AR » . . . .
) . a traditional paper instructions system in terms of effectiveness
assisted manufacturing » ) .
Assembly AR and usability. The results showed that the AR guidance is a far | Bode 2019
system for assembly ) o ) )
) better choice than the traditional one, and it had also a high user
guidance
acceptance
) Studying the impact of AR assembly guidance on four
Assembly guidance
) ) visualization technologies. The results showed that AR
information . ) ) ) ) ) Wang et al
. o Assembly AR instructions have a strong visual stimulation, that it enables users
representation  assisting . . 2020
. to have a longer task related attention span, and increased the
user cognition . ) ) )
information effectiveness and quality
A framework of marker- Proposed a marker-less MR guidance system for manufacturing
less assembly guidance assembly in order to display virtual information onto the real | Teng et al
. Assembly MR )
system with Hololens world. The results showed that the guidance system performs | 2017
glass well in a real manufacturing scene.
Evaluating the Microsoft Evaluating MR potential for delivering assembly instructions, by
HoloLens through an using a proof of concept prototype. The results showed that while | Evans et al.
) Assembly MR ) o ) )
augmented reality the Hololens is a promising, there are still areas that require | 2017
assembly application improvement before it is ready for factory assembly application.
Presented a MR system that integrates virtual assembly
) o Zaldivar-
A MR approach for environment. The results showed that the MR had a statistically
. Assembly MR L . . . Colado et al.
virtual assembly significant improvement in the user‘s performance in the 2017
assembly task execution, compared to the virtual environment.
Measuring the ) .
) Compared MR Hololens assembly guide with desktop, tablet and
performance impact of ) o o
) ) tablet AR instructions in regards to completion time, error count, | Hoover et al.
using a MR device to | Assembly MR

2020

De Sa and Zachmann (1999) investigated the necessary steps to apply VR in virtual prototyping to verify

assembly and maintenance processes, where the results showed that VR will play a vital role in virtual

prototyping of maintenance processes. Bullinger et al. (2000) suggested that virtual assembly planning

makes interacting with the assembling and disassembling components possible, and based on the user

interactions the assembly time and cost can be determined beforehand. Kibira and McLean (2002)

demonstrated the challenges of using simulation modeling for assembly operations and production

process in the same model, and then established a method for designing a manufacturing process from

a product prototype by using VR simulation modeling. Schenk et al. (2005) suggested that combining

VR and assembly simulation allows stakeholders to train assembly tasks with a fully interactive
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immersive visualization of the assembly line. Pingjun et al. (2006) demonstrated the elementary
advantages of a VR system for assembly planning and training. Li (2009) reviews the potential of using
VR to support the assembly process, while identifying and investigating VR benefits in the optimization
of assembly processes. Sung et al. (2009) demonstrated an immersive VR method for representing the
design and assembly processes to improve the system’s efficiency. Gutierrez et al. (2010) presented a
controlled VR training system to improve the skills needed for industrial maintenance and assembly, as
the added value here is the flexibility of the system to adapt to the task demands and requirements.
Marcin€in et al. (2011) described AR applications with regards to their execution in assembling
processes. Bordegoni and Ferrise (2013) showed how virtual prototypes are utilized as a substitute for
physical mock-ups or artifacts as a communication tool for product design and usage. Winkes and
Aurich (2015) proposed an approach to enhance assembly planning by using VR assistance for the
detection of planning failure. Barkokebas et al. (2019) assessed the effectiveness of maintenance

assembly and disassembly task training by using VR.

Wiedenmaier et al. (2003) suggested that AR is more suitable for complex assembly tasks. According
to Tang et al. (2004) overlaying 3D AR instructions on the actual work reduced the error rate for an
assembly task by 82% in comparison to printed manuals or computer instruction. Yuan et al. (2008)
suggested that the main characteristic of using a virtual interactive AR system is the intuitive manner in
which a technician can immerse themselves in a pre-determined assembly sequence without the need of
any sensors. Billinghurst et al. (2008) presented a mobile-based AR assembly system that allows the
user to view complex models on the handheld device. Stork and Schub6 (2010) investigated the benefits
of AR and spatial prompting in assembly, where AR demonstrated an improvement in the performance
times and an increased speed of assembling movements. Wang et al. (2013) suggested that an AR hybrid
approach to assembly enhances the user experience and reduce the task time. Hou et al. (2013) added
that by using an AR guiding system instead of a paper based one, the performance of the task is
improved, the duration of the task completion is shortened and the learning curve of beginners is
reduced. Radkowski (2015) investigated AR assembly assistance effectiveness in regards to the

difficulty of an assembly task to identify advantages such as time and error reduction.

Zauner et al. (2003) provided an intuitive method for researcher to generate a MR-based assembly
instruction system. Nilsson and Johansson (2006) investigated the application of MR to give instructions
to start a health-care process in regards to user experience and acceptance. Liverani et al. (2006)
presented a system that combines CAD and MR wearables to reduce the communication gap between
engineers and operators in order to improve personnel training with regards to assembly and part seeking
processes. Wang et al. (2020) tested the performance of four different assembly interfaces paper

drawings, electronic handbooks, 3D design software and AR prototype system for assembly, in terms
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of assembly time, and operational experience. Hoover et al. (2020) compared the MR instructional guide
to a computer, tablet, and AR tablet instructional guides in regards to the completion time, errors, and
user’s score, as the MR guided assembly saved 16% of the time in comparison to the AR tablet, and
users made fewer errors as well. De Souza Cardoso et al. (2020) investigated the applicability of AR
and MR in various industries, including manufacturing, production, and assembly. The study suggests
that AR applications in an industrial environment are directly related to the complexity of the process,

to improve process flexibility to provide a more efficient process (de Souza Cardoso et al., 2020).

2.7.  Identified Gaps
An extensive search was done on the definitions and characterization of service prototyping and service
prototypes throughout the literature review. In one of our previous comparative study (Abdel Razek et
al., 2018), we characterized what constitutes a CSP and an ISP forms and we also proposed a respective
definition due to the absence of any available definition. Several scholars have previously stated that
there is a lack of empirical studies on service prototypes (Blomkvist and Holmlid, 2010; Exner et al.,
2014). This matches with the results of this literature review undertaken on the service prototyping and
prototypes publications, which confirms this lack of empirical investigations. This lack of empirical
investigations was in fact one of the motivations to carry out a comparative study between CSPs and

ISPs.

In the current body of knowledge, immersive service prototyping was mostly used in user oriented
service scenarios with complex interactions in diverse industries like manufacturing, healthcare,
automotive, catering, and sales. We have also identified up-to-now only 75 published papers via a
Google scholar search that combines the words “immersive” and “service prototype”. There were only
5 remaining published papers after filtering them in searching with “immersive service prototype”
expression. Most of those published papers were mainly theoretical and lacked a quantitative validation.
There were no studies found that investigated the impacts of immersive technologies on service
prototypes. Some published papers included a comparison between two use-cases or prototype solutions
in different or similar forms (see Table 2.13); yet most were qualitative studies and they were not
covering the SPX aspect as well. In summary, we have identified that there are no available definitions
for both ISP (including VRSP, ARSP, and MRSP) and SPX, and a lack of SP empirical quantitative
studies in the literature. There was also a lack on research on the impacts of XR on service prototyping

in the literature. Furthermore, there is a lack of empirical studies addressing ISP forms.

2.8.  Proposed Research Framework
Researchers attempted in differentiating between different SP forms in several forms, (1) Floyd (1984)
divided them into vertical and horizontal; (2) Rudd et al. (1996) differentiated them by their
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implementation; (3) Walker et al. (2002) differentiated them by their application; (4) Beaudouin-Lafon
and Mackay (2003) categorized them into horizontal, vertical, task-oriented, and scenario-based; (5)
Kim et al. (2006) differentiated them by their usability; (6) Holmquist (2005) and McCrudy et al. (2006)
differentiated them with their fidelity level; (7) Stark et al. (2009) proposed a smart hybrid prototyping
approach combining different forms and technologies; (8) Blackler (2009) differentiated them by their
type of interaction; (9) Exner et al. (2014) differentiated them according to their fidelity level, and form
(i.e. physical, virtual, and both); (10) Blomkvist and Holmlid (2011) differentiated them by their
different activities and contexts. In summary, some of these above-mentioned studies only focused on
one attribute of a prototype, or lacked an all-inclusive outlook. To make it easier to understand the
concept of service prototyping forms, a classification for these forms were established in one of our
previous publications (Abdel Razek et al., 2018a). To better understand the impacts of these immersive
technologies (XR), differentiating SP forms into two main categories, Conventional Service Prototypes

(CSP), and Immersive Service Prototypes (ISP) is helpful for this study.

There were several published papers done in the last three years (Abdel Razek et al., 2017; 2018, 2019)
concerning service prototyping forms, and a comparative study between immersive and conventional
service prototypes. The initial results show that there is a significant difference between some of the
immersive service prototyping forms compared to conventional ones. The differences are measured in
regards to the performance, experience and level of acceptance. Combining all these aforementioned
points with the knowledge found on the Immersiveness and User eXperience (Pallot et al., 2013, Pallot
etal., 2017, Eynard et al., 2016, Dupont et al., 2017), we can suggest that service prototypes are intended
to help service stakeholders in the complex service processes from development to testing and
launching. ISP is also intended to explore, evaluate and communicate service processes and
stakeholder’s behaviors through user experience, and more particularly immersive experience. The
Service Prototype eXperience (SPX) is latent experience generated through the usage of a service
prototype. There was no mention of the expression “service prototype experience” in any published
paper. There were only two mentions of the term “service prototyping experience” found in two different
published papers, which showed both the term “service prototyping experience” to describe the design
experience of either a transportation buddy service (Leber, 2014), or a future space traveling (Lee, 2018).
Unfortunately, none of the above-mentioned published papers defined or characterized the concept of
service prototyping experience, as the term was only used to describe the construct of user experience

in a prototyping process.

We also had to create the term “conventional form of service prototypes” (CSP); it means that this is a
conventional form of service prototypes, such as: verbal, paper, or mock-up based. CSP could come in

various forms, as they are based on the use of technique or some form of tool to represent the prototyping
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process. The convention here comes from the use of these conventional tools like by using speech, a
piece of paper, a mock-up or a simulation, these tools could be also immersive but won’t have any digital
immersive output. ISP is also mentioned in recent papers and means immersive forms of service
prototyping that use XR (VR, AR and MR) technologies, which uses a digital output for the immersion
(HMDs, AR App, Hololens). The CSP and ISP terms were coined to differentiate the different forms of
service prototypes in one of our previous publications (Abdel Razek et al., 2017). CSP are extensively
studied and applied by many researchers as observed in the literature (see Figure 2.10). Our empirical
study puts us in an ideal position to be at the frontier of exploring characterization and definition of
service prototyping specifically in regards to service innovation. By analyzing these research focal
points, a literature gap arises; in which there is a lacking literature that discusses ISP, and absence of
quantitative empirical studies on immersive service prototyping or the impacts of using immersive
technologies on service prototyping. There is no previous mention of conventional SP definition, but we
based our definitions on the existing SP forms definitions in the literature. VSP is a prototype that uses
speech representation of a new service idea to increase the understanding of the stakeholders through a
narrative, especially storytelling. Inferring from the literature and using our own definition, PSP is then
a paper-based prototype in form of depictions, drawing, and description of a new service idea. We refer
to our definition of mock-up service prototyping from our previous publication (Abdel Razek et al.,
2018a). MSP can be considered as a physical or digital representation of a service idea, or design to
enable stakeholders to experience, evaluate or communicate a service design. Because there was no
common definition found in the literature for Simulation Service Prototypes (SSP), as such we refer to
our early publication that defined simulation service prototyping (Abdel Razek et al., 2018a). SSP can
be considered as the set of replication processes of a real or imaginary service situation or activity. SSP
can be used as a part of virtually all the service prototyping forms, especially mock-up, and virtual

reality, service prototyping processes.

To bridge the literature gap, a research model and instrument were constructed and applied in
experimentation on immersive and conventional service prototypes. This experimentation was designed
to explore and characterize the impacts of XR on service prototypes, by comparing different SP forms.
The comparison then shows if there is a significant difference between the SP forms, and will reveal the
impacts of using XR on SP. The participants in the experiment have used each of the different SP forms,
then, filled a survey after each use. This survey is a bipolar questionnaire that allows the users to express
their rating on specific properties while providing their feedback on each of their given rating. The
experience and acceptance are also subjective of each user, as they are covered in the bipolar survey.
Each participant’s performance was measured in recording the duration to complete the task, amount of
errors, and explanation requests. To investigate the impacts of using XR on service prototypes, we had

to consider the different SP forms. This study is an explorative research to investigate the impacts of the
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use of XR on SPs, as the literature available are limited, and information from industrial case studies are
constrained. This research strives to be the base for future research on conventional and immersive

service prototypes, especially in industrial services setting.

Due to the actual lack of empirically validated SP research framework and model in the current
literature, we decided to design our own, based on previous work from Pallot et al. (2013; 2017), which
will be duly experimented and validated. By using the same properties and constructs that were validated
by Pallot et al. (2017), we assume that perceptual, emotional and cognitive forms of immersion directly
affect the degree of immersiveness. The Perceptual eXperience (PX) is gaged with the intuitively of the
prototype which constitute as user sensorial engagement, and the interactivity of the prototype which
represents the user behavioral engagement. The Emotional eXperience (EX) is assessed based on the
degree of attractiveness of the prototype to the user, which depends on multiple pictorial factors, and
the degree of user emotional engagement with the prototype. The Cognitive eXperience (CX) is
evaluated on the user’s interestedness level in the prototype, and the user’s cognitive engagement with
the prototype. The Immersive eXperience (IX) is then summarized in perceptual, emotional and
cognitive experiences; this experience might have several impacts on the prototype use and application.
The SP Effectiveness (SPE) is gauged from the friendliness of the prototype that exemplifies the user
presence, the pleasantness level of the prototype to the user, and the user perceived usefulness of the
prototype. The impacts could be due to the user immersion, cyber sickness or other effects due to the
immersion physical and physiological effects. The impacts also could be due to the quality of the

prototype, or due to the performance of the prototype.

2.8.1. Research Questions and Hypothesis
The main research question is about investigating the potential impacts of using immersive technologies

in a service prototyping process within a service innovation setting.

RQ: What are the impacts of using immersive technologies in service prototyping?
The objectives are to firstly identify and select impact factors, through the literature review and secondly

assess each impact factor through experiments that will compare CSP and ISP outcomes.

Q1: What are the impacts of immersiveness on SP stakeholders’ perception of time, attentiveness
to their surroundings and responsiveness to external events (Real-World Dissociation effect)? The
first sub-question is about investigating the impacts of immersive technologies on the users, and how
are they affected by immersion in comparison to the real world, like perception of time, attention to their
surroundings, and responsiveness to external events. H1: The deeper the degree of immersiveness, the
more effective the real world dissociation. When users will be immersed, their perception of time,

surroundings and external events will decrease while immersiveness increases.
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Q2: What are the impacts of immersiveness on the user experience of SP stakeholders (Service
Prototyping eXperience)? The second sub-question discusses the impacts of immersiveness on the
stakeholders’ service prototyping experience, and how will it affect their user experience. H2: The
deeper the degree of immersiveness, the more satisfying the SPX. When users will be immersed, their

perception of getting a satisfying SPX increases while immersiveness increases.

Q3: What are the impacts of immersiveness on the Ergonomic quality and Hedonic quality of the
Service Prototype Effectiveness? The third sub-question discusses the impacts of immersive
technologies on the service prototyping effectiveness. H3: The deeper the degree of immersiveness, the
higher the degree of effectiveness. When users will be immersed, their ability to carry out effectively a

specific task increases while immersiveness increases.

Q4: What are the impacts of service prototype effectiveness on the Service Prototype eXperience?
The fourth sub-question is about investigating the impacts of service prototype effectiveness on the
stakeholders’ SPX. H4: The higher the service prototype effectiveness, the more satisfying the Service
Prototype eXperience. When users are more effective on a specific task, it increases the satisfaction of
stakeholders’ SPX. While immersiveness increases, stakeholders are more effective, hence, making

fewer errors.

Q5: What are the impacts of Service Prototype eXperience on the intention to adopt? The fifth
sub-question is investigating the impacts of SPX on the stakeholders’ intention to adopt the prototyped
service. HS: The more satisfying the Service Prototype eXperience, the higher the degree of
stakeholders’ adoption of the prototyped service. When users get a more satisfying SPX, it increases

stakeholders’ intention to adopt the prototyped service.

2.8.2. Proposed Service Prototype eXperience Definition
One of the objectives was to find a way to have the most comprehensive SPX definition. There is a lack
of definition for SPX in the literature. The only mention of the term SPX was found in a thesis work,
which describes an SPX for the design of a transportation buddy service (Leber 2014) and also in another
publication exploring the ground experience for space tourism (Lee 2018). In both papers there was no
mention of a definition or a characterization of the SPX, but more of a description of the experience that
the user has during the process. We defined immersive service prototyping as a process that uses a real
or fictional service idea, to allow service stakeholders to anticipate the service experience with an
immersive service prototyping experience for exploration, evaluation, and communication (Abdel

Razek et al., 2017; Abdel Razek et al., 2018a, b).
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Figure 2.12 Experiences Relationships Graphical Representation (Extended on Abdel Razek et al. 2018a)

Fig. (2.12) shows our proposed visual depiction of the overall relationship between the overall
stakeholder experience, User eXperience (UX), Service eXperience (SX) and Service Prototype
eXperience (SPX) as well. This proposed representation is inspired by similar experience depictions in
the literature (Garrett, 2010; Pallot and Pawar, 2012; Dupont et al., 2016). This representation helps
understanding the importance of the experience construct; and how it plays a main part in the service
development processes; especially for the co-creative service prototyping processes. We propose to
substitute the customer experience with that stakeholder experience as it encompasses all the relevant
actors in the service. This stakeholder’s experience includes user experience among other experiences.
According to this representation, the user experience is comprised of product and service experience
aspects. Both product and service experiences have a different but connected instantiation relationship;
if it is not a product or a product-service-system then the service experience will replace the product
experience and reversely with a product. SPX is a part of the service experience, and the summation of
all the service prototypes experiences can be summed to represent the future service experience. The
SPX relation to the UX and the SX can be seen in Fig. (2.12), where the user product and service

experience are combined to create the stakeholder’s experience.

Then, we can consider immersive service prototyping as the use of a real or fictional service idea to
allow stakeholders to anticipate the experience within an immersive environment. ISP may appear as
VR simulation training, or an AR instructional guide or a MR hologram for guidance system. Immersive
service prototypes forms can be categorized into three SP forms. Other than that the term virtual reality

service prototyping and prototypes are novel and were not used before in the literature, as such we refer
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to our previous publication where we defined virtual reality service prototyping (Abdel Razek et al.,
2018a). VRSP is a prototype that uses VR to explore, evaluate and communicate a service idea, design
or concept. As mentioned before that there was no definition or even a mention of ARSP before our
research started; so, we refer to our previous publication for the augmented reality service prototyping
definition (Abdel Razek et al., 2018a). ARSP is a prototype that uses AR to explore, evaluate and
communicate a service idea, design or concept. As the term mixed reality service prototyping is novel
and was never mentioned before our previous publications, we therefore refer to it for inspiration to
attempt to define MSRP (Abdel Razek et al., 2018a). MRSP is a prototype that uses MR to explore,
evaluate and communicate a service idea, design or concept. As there were several “experience”
definitions that are valid and widely used, a definition is generated from the most relevant definitions to
best represent the experience that results from service innovation, and especially through service
prototyping. The following definitions, presented in Tab. (2.15), are constructed based on the definitions

found in the literature review and the research work done on service prototyping in the past four years.

Table 2.15 Extended Definitions used in the Dissertation
Concept Definition References
o ) o o Tseng et al. 1999, Edvardsson
A continuing dynamic subjective, and individual engagement of stakeholders, o
. ) ) . ) ) ) . et al. 2005, Patricio et al.
Service which depends on their expressions and interpretations covering all possible
eXperience (SX) o o o 2011 ; Chandler and Lusch
encounters with diverse stakeholders in different service situations.
2015, Jaakkola et al. 2015
A process for service development that uses service representations, or parts of it,
Service in order to explore, evaluate and communicate a service idea, design or concept | Abdel Razek et al. 2017
Prototyping . .
even before the service exists.
Service prototype can be considered as an experimental version of the service idea,
Service which allows evaluating the service performance and experience, even before the | Abdel Razek et al. 2018a
Prototype (SP) . o o o .
service exists, in order to co-create the service in an agile iterative manner.
The user’s retained knowledge and individual experience, impressions and
Service observations from a service prototyping process, which includes what is perceived Non  existing  definition
Prototype . . . .
Expe ri);l:] ce or sensed The specific moments that leads to creating a complete service experience. (Extended on Abdel Razek et
(SPX) N e b S s s S St Omeis al. 2018a)
(Sjon\:entional Service prototypes that are initiated by using conventional methods as verbal-,
ervice
Prototype paper-, mockup-, and simulation- based used to engage stakeholders to explore, | Non existing definition
Experience evaluate, and communicate service ideas or parts of it.
(CSPX)
Immersive
Service Immersive based service prototypes that immerse stakeholders by using VR, AR, or o .
Non existing definition
Prototype . . . . Lo
: MR to engage stakeholders in exploring, evaluating and co-creating a service idea.
Experience
(ISPX)
) o o Non  existing  definition
Immersive The use of a real or fictional service idea to allow stakeholders to anticipate the
Service . o ) . . (Extended on Abdel Razek et
. experience within an immersive environment.
Prototyping al. 2018a)
Virtual Reality VR based SP illustrating a virtual replication of a service idea or parts of it enabling | Non  existing  definition
Service stakeholders to be immersed in an interactive virtual environment by using a VR | (Extended on Abdel Razek et
Prototype
(VRSP) HMD. al. 201 Sa)
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Non  existing  definition
Augl‘nented . AR based SP overlaying a service idea, representation, or parts of it, to augment the
Reality Service (Extended on Abdel Razek et
Prototype stakeholder’s real environment with virtual information by using a mobile device.
(ARSP) al. 2018a)
Mixed Reality MR based SP that reflects a service idea or parts of it, to engage stakeholders by | Non  existing  definition
IS,ervice interacting with holograms (virtual objects representation) and information in their | (Extended on Abdel Razek et

rototype

(MRSl)’I;J real surroundings by using a Hololens MR device. al. 2018a)

2.8.3. Proposed SP research Model
The SP research model includes the immersion part of the Immersive and Collaborative Environment
(ICE) User eXperience model and factors from Pallot et al. (2017) and Dupont et al. (2018) that was
developed to extend more traditional Immersive Virtual Environments (IVE). This model was devised
to be able to address the research questions, and attempt to validate the hypothesis while avoiding the
situation of having too many questions overwhelming the willingness of respondents (see Table 16).
The SP research model includes the IX and SPE impacting the SPX, and its causal effect on the intention
to adopt the proposed service. The Immersive eXperience (IX) could be described as the combination

of the perceptual, emotional, and cognitive immersions (Pallot et al., 2017) of a user (See Figure 13).

The social immersion (Pallot et al., 2017) is neglected because the experiment is individually based;
there isn’t any collaborative activity among several users. Furthermore, including social immersion
would require a broader investigation due to the diverse effects of the social interactions, which are not
necessary to add at this explorative stage. The efficiency and effectiveness of each SP form (SPE) is
also related to the SP effectiveness and efficiency that impact the SPX as well. The SPE, as perceived
by users, is convey via usefulness, which is the degree to which users perceive the capacity to complete
their goal, and Friendliness, which is the degree to which users perceive the amount of effort for
completing their tasks. Nonetheless, there were observations made by the researcher when participants
were experimenting the different forms of prototype. Observation metrics, such as: the duration to
complete the task, number of errors made, and the number of further explanations requested, were
recorded and noted. Other aspects have been included during the observation like the feeling of sickness
(cybersickness) when participants were wearing a HMD and their mood or attitude at the end of their

experiment session.

Table 2.16 UX Properties included in the Bipolar Survey instrument
Survey UX Property Description

Q1 Intuitiveness Degree to which users perceive the instinctive use of the prototype
Q2 Interactiveness Degree to which users perceive the capacity to interact with the prototype
Q3 Friendliness Degree to which users perceive the amount of effort completing tasks
Q4 Attractiveness Degree to which users perceive emotionally the prototype
Q5 Pleasantness Degree to which users perceive the hedonic aspect of the prototype
Q6 Emotionally engaging Degree to which users perceive themselves engaged emotionally
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Q7 Excitement Degree to which users feel interest and excited in the task

Q8 Cognitively engaging Degree to which users perceive themselves engaged cognitively

Q9 Usefulness Degree to which users perceive the capacity to complete their goal

Q10 Timelessness Degree to which users perceive the disappearing notion of time

Q11 Attentiveness Degree to which users perceive their attention capacity to external events
Q12 Responsiveness Degree to which users perceive their responsive capacity to solicitations
Q13 Convincingness to adopt Degree to which users are convinced to adopt this prototype

Q14 Willingness to re-use Degree to which users wish to re-use this prototype

(0 Readiness to recommend Degree to which users are ready to recommend this prototype

These 15 UX properties, which are later included in the bipolar survey, are shown in Tab. (2.16). They
are turned into bipolar rating questions based on a semantic scale with two antonyms, like Unattractive’
and ‘Attractive’ or ‘Useless’ and ‘Useful . Every bipolar rating question (quantitative) embeds an open-
ended question (qualitative) where respondent can provide their motivation and/or reasons justifying the

given level of rating.
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Figure 2.13 Immersive Experience Research Model Constructs (Extended from Pallot, et al. 2017)

Biocca and Delaney (1995) explained that the perceptual immersion is the degree of submersion of the
user’s perceptual senses in an environment. The well-known causal effect of immersiveness, often
named Real World Dissociation (RWD), is characterized by phenomena like how much the time seems
to disappear as opposed to in a normal state, and how much users are inattentive to their surroundings,
and whether they are irresponsive to external events as shown in Fig. (2.13). In this study, the Immersive
eXperience (IX) represents the degree to which users feel immersed in a particular context. IX is a
combination of the three facets, of immersiveness or types of experience (Pallot et al., 2017), namely:
(1) Perceptual Immersion or Perceptual eXperience (PX); (2) Emotional Immersion or Emotional

eXperience (EX); (3) Cognitive Immersion or Cognitive eXperience (CX). Then, Immersiveness or [X
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has a causal effect on RWD (Figure 2.13) with the hypothesis that the deeper the immersiveness, the

more effective the real world dissociation.

Intention to Adopt (ItA)
« Convincingness to adopt the service
+  Willingness to re-use the service

« Recommend the service to others

Immersiveness (IX)
«  Perceptual Immersion ping eXperience
« Emotional Immersion PX)

« Cognitive Immersion

Service Prototyping Effectiveness (SPE)
Usefulness (goal achievement)

User-Friendliness (less error)
Pleasantness (less questions)

Figure 2.14 Simplified view of the SP Research Model

Biocca and Delaney (1995) explained that the perceptual immersion is the degree of submersion of the
user’s perceptual senses in an environment. The first causal effects might arise due to the use of
immersive technologies, as how the time feels immersed as opposed to in a normal state, and if the user
was aware of their surroundings, and if the user is responsive to external factors or events. The service
prototyping causal effects that might occur on how the user learns from the prototype exploration, how

the prototype is ability to communicate to the user, and how the user is able to measure or decide by the

prototype evaluation.
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Figure 2.15 Detailed view of the SP Research Model

76



A detailed view of the proposed SP research model is shown in Fig. (2.15). The user immersion while
using a SP effects could be observed and assessed by seeing if the user is convinced to adopt the ISP, or
is willing to re-use in another context, or even to recommend it to others for further use. The causality
factors can be summarized into three constructs Service Prototyping eXperience (SPX), Service
Prototyping Effectiveness (SPE), and Real World Dissociation (RWD). SPE will affect the ability to
achieve the objective, to have less errors, and less inquiries. RWD affects the time-feeling distortion,
the degree of attention to surroundings and to external factors. SPX will be affected by immersiveness

and SPE.

2.9.  Summary
This chapter aims to give a higher understanding of SP related research domains, and to interconnect
these research domains in a cohesive form. However, the literature review is a continuous process that
spans throughout the entire cycle of the dissertation in order to identify more recent publications that
are relevant and even allow making comparison with recent studies. The most significant research
publication streams for this dissertation include ‘services’, ‘immersion’, ‘prototyping’, ‘acceptance or
adoption’ and ‘experience’. XR assembly in the industrial maintenance service sector has appeared as
the main focal application of this study. The lack of empirical studies dedicated to the comparison of
different forms of SP constitutes a clear gap in the literature despite the fact that 2 empirical studies were
lately identified (one published in 2019 and one in 2020). It was shown that there is the lack of viable
cross-intersectional empirical studies done on immersive service prototyping that is currently limited to
AR. Identified relevant theories and existing models constituted the basis for elaborating a research
framework dedicated to increase the understanding of the impacts of these immersive technologies (XR)
on service prototyping. The research questions guided the literature review towards the elaboration of a
proper model on SP and to find out the XR impacts on SP forms. There is also a lack of characterization
of the service prototyping experience in the body of knowledge; therefore, a SPX definition is proposed
for explaining stakeholders’ experience happening in a service prototyping process. A SP research
model is proposed based upon the causal effect of IX on the user’s RWD and of SPX on adoption

intention.
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3. Methods

3.1. Introduction

This chapter presents the research context, approach, methods and experiment design. The main research
investigation is to study the impacts of using immersive technologies on the service prototyping process.
The objectives are to firstly identify impact factors through the literature review; secondly, to create a
research model with the proper constructs in order to validate the hypotheses; thirdly, to prepare the
necessary experiments for collecting data; and select the proper analysis methods for evaluating all
impact factors allowing to compare CSP and ISP performances. Overall, the investigation is composed
of a baseline experiment in which participants have no support for disassembling and re-assembling
elements of a physical part (mechanical assembly), followed by an experiment operated through several
sessions within different sites where participants have been using different forms of prototype. The SP
experiment needed to have a room with high processing computer, equipped with XR devices, assembly
tools, place for observations and mobile devices. The SP experiment has been designed to participants
engage perceptually, emotionally and cognitively so, there is a need of a wide base of participants with
different levels of knowledge and experience. The wide base of participants at the three campuses of
Arts et Métiers ENSAM and Furtwangen University ranging from students to professors was the most

appropriate for conducting the experimentations.
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Figure 3.1 Simplified Overview of the investigation

The investigation starts with creating a baseline for the performance, as it is vital to find out the
difference in performance when using or not using service prototypes. The SP experiment was

conducted with the five different SP forms, where the participant’s experience, acceptance and
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performance are measured (bipolar survey, task completion duration, errors calculations, explanations
requests calculations) and evaluated (survey questions justifications, facial expression in the attitude).
Due to the unavailability of MR technology (Microsoft Hololens), this part of the experiment was not

executed concurrently with the other 4 SP forms.

3.2. Context

In order to explore the impacts of the immersive technologies (XR) on service prototyping, three
approaches will be used to collect data: (1) explorative bipolar survey with rating justifications done
after the completion of each task; (2) the performance of the participants throughout the experiments;
and (3) the feedback and ratings justifications from the participants. The validation experiment aims to
validate the research model and instrument, through the comparison of immersive and conventional
service prototypes in an experiment and then evaluate it in an industrial setting. Overall, the experiments
were conducted in three different locations: Furtwangen, Laval and Angers. The main goal is to reach
different academic target groups in order to achieve a higher level of participants’ diversity: (1) IT &
Engineering (Furtwangen); (2) Software Engineering (Laval); and (3) Mechanical Engineering
(Angers). The test, baseline and MRSP experiments were all done at the Furtwangen University Campus

in Germany.

The validation SP experiment has been designed to engage participants perceptually, emotionally and
cognitively. Paper-based instruction leaflets are quite common in the industry for servicing machinery
or even for more personal uses like assembling Ikea furniture. This kind of drawing-based instructions
can be considered as a part of the service process. The instruction leaflet presents to the participants, for
example, the necessary steps and elements for assembling or disassembling specific furniture. Therefore,
for designing our experiment, we have imagined a service to support people needed to assemble or
disassemble a mechanical element constituted of several parts in the most comfortable, efficient and
reliable way. In this case, service stakeholders would explore, along the service prototyping process,
different service alternatives through the use of different forms (PSP, MSP, VRSP, ARSP, MRSP) of
service prototype that the participants will experience and provide feedback on the above-mentioned
aspects (immersiveness, real world dissociation, efficiency, experience and intention to accept and
adopt). The participants had to fill out four bipolar surveys throughout each individual experiment
session. Each bipolar question presents a semantic scale with rating values ranging from -2 to 2. The
questionnaire starts with the selection of the SP form that was completed. A table of the English, French
and German surveys can be seen in the Appendix. The tasks were clocked from the moment that
participant starts the disassembly or assembly task till the end of each of these tasks. The participants
were all assigned different SP cycles, as to eliminate biasing from doing the task with the same SP form

at the start or end of a cycle. The experiment cycle consists of the combination of the SP forms used in
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a specific order. The SP cycle that the participant starts with changes every set of participants to

eliminate biasing as well.

The labs were the experiment took place were well equipped with state-of-the-art VR systems, HTC
Vive at VR Lab in Laval and HTC Vive Pro at VR Lab in Angers and at the Services Competence Center
in Furtwangen. Colleagues, students and also faculty members have participated to experiment sessions.
The experiment took place in a span of one and half year, and it required a lot effort to recruit participants
for the experiments as the experiment duration is one hour and requires extensive physical and mental
work. The experiment design was also very demanding as the experiment includes different SP forms
with different technologies and by using several devices, where participant have to use to complete the
task and also give their feedback, and I used other devices to observe the participants’ performance,
attitude and capture their verbal feedback as well. The colleagues at all the labs were more than helpful
in facilitating the recruitment of the participants and for using the devices and rooms necessary for the
experiments. I am thankful to all the colleges in Arts et Métiers labs in both Angers and Laval for

enabling me to finish 48 participants in less than two weeks, which was crucial for the study.

g v 0
Arts
et Métiers

Figure 3.2 VR Lab at the Presence & Innovation Lab in Laval

The experiment in Laval was conducted at the Laval Virtual Centre VR lab of the Presence & Innovation
Team as shown in Fig. (3.2) above. The experiment session in the VR lab in Laval was done in one
week, where every day 8 participants were engaged. The conducting of the experiment was extensive
due to the time constraint and due to coinciding of the experiment with examination time of the students
as well. However, the colleagues at the lab supported the experiment process so that everything went

smoothly.
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Figure 3.3 VR Lab at the Laval Virtual Center, Laval

The experiment in Angers was conducted at the VR Lab at Ecole Nationale Supérieure des Arts et
Meétiers (ENSAM) in Angers as shown in Fig. (3.3) above. The experiment session in the VR lab in
Angers was also done in the span of one week, where every day more than 8 participants were engaged.
The experiment also was challenging to conduct as the students were in the examination period, but the
staff and the colleagues at Angers were more than helpful in making the experiment sessions went

exactly as planned.

Figure 3.4 Service Lab at the Furtwangen University

The experiment in Furtwangen was done in the service competence center at the Furtwangen university
as shown in Fig. (3.4) above. The experiment session at Furtwangen spanned over one year, as it was
extremely challenging to recruit volunteers that are willing to do the experiment and was demanding to

have experiment appointments to suit the timetable of the center, volunteers and myself along with all
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the devices needed to complete the experiment. The colleagues at Furtwangen supported the study with
everything from help in the recruitment process, to facilitating the devices and rooms needed for the

experiment, which I am very thankful for as well.

3.3. Research Approach

This study investigates immersive technologies impact on service prototypes but on one had an only
quantitative study will not give the complete picture as it might show the statistics but not the reasoning
On the other hand, an only qualitative study might be beneficial to find the reasons of the impact, but
that would also be lacking as it will be on a limited base of participant and can’t be interpreted on a
larger scale. Mixed methods seem to be the most suitable research method to challenge such
multidimensional explorative study (Johnson and Onwuegbuzie, 2014). To validate the model an
experiment is needed to test out hypothesis. According to Creswell et al. (2013) Mixed methods tries to
interpret the findings by merging the qualitative and quantitative data; using the qualitative data to
explore and interpret the quantitative findings. Pallot and Pawar (2012) used mixed methods to
investigate immersive experience study, and was also used by Krawczyk et al. (2017) and Topolewski
et al. (2019) for a similar immersive experience investigation. Mixed methods technique will allow
findings validation by using triangulation of qualitative and quantitative data, by using the qualitative
data to explore and interpret the quantitative findings through the feedback collected and the
stakeholders from the planned quantitative and qualitative embedded questionnaire (Greene et al., 1989;

Morse, 1991; Morgan, 1998; Tashakkori and Teddlie, 1998; Creswell et al., 2003).

There are several forms of mixed methods, like (a) concurrent, (b) sequential, and (c¢) transformative
approaches (Creswell et al., 2003). The concurrent approach has different forms as well, which
qualitative and quantitative data congregate to provide a more inclusive analysis (Creswell et al. 2003).
The data is then collected and integrated for interpretation concurrently, as such one form of data is
nested within the other form for further analysis. The research method of a quantitative qualitative
embedded survey, where the quantitative and qualitative data will be collected and analyzed at the same
time; as the observations will elaborate on both the quantitative and qualitative results. The quantitative
data offer a statistical overview on the service prototypes performances, while the qualitative data
provide explanation on their performances, experience and acceptance. The rationale for this approach
is that the quantitative results will provide a statistical overview on the use of immersive service
prototyping and the potential impacts of using immersive technologies on service prototyping process,
while the qualitative results will explain those statistical results and explore in depth the impacts of
immersive technologies on the service prototyping experience, but both findings, combined with the
interpretations, will validate our hypothesis. To be able to have both sides of the data, it was decided to

adopt the mixed methods methodology, to be more confident that different methods lead to the same
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findings. by using a combination of concurrent triangulation strategy; the data results are compared as

one of the data results complements the other one (Creswell et al. 2003).

The bipolar questionnaire consists of 15 quantitative sematic scale rating questions; each rating question
includes a qualitative justification element in order to better understand the motivation explaining the
level of submitted rating. These justification elements embedded in the bipolar questionnaire allow
participants to freely express their feedback about their rating. This questionnaire was written firstly in
English and then was translated into German (used at The Furtwangen University) and into French (used
at ENSAM Laval and Angers Campuses). All questions were carefully selected to cover the SP
experience facets, SP efficiency facets, and the real world dissociation factors as discussed in previous
publication (Abdel Razek et al., 2018). The Service Prototype eXperience (SPX) stems from the
participants’ rating and feedback during the experiment. The SPX is reflected from the rating questions
that shows if participants were convinced of that SP form; if they are willing to re-use the SP form in
another context, and if they would recommend this SP form to others; the SPX is an extension on the
Immersive eXperience model from Pallot (Pallot et al., 2017) built on the baseline of the holistic view
of UX (Pallot and Pawar, 2012). The real world dissociation factors are also extracted from the responses
of the participants on the questions that revolve around the feeling of the notion of time disappearing
during the experiment; the ability to be attentive to outside factors, and the responsiveness to external
influences as it was previously used by (Pallot et al., 2017). The service prototyping efficiency is then
measured by the clocking of disassembly and assembly tasks for each SP form as well as the number of

explanations asked and errors made by the participants while doing it.

A comparison of this research approach with similar immersive technologies related studies in the
service prototyping domain was done to foresee what kind of approaches other studies used to explore
service prototyping forms. The research approach to define service prototyping forms took a different
way than the other researchers and studies. Blomkvist and Holmlid (2010), defined service prototyping
by interviewing six experts in a qualitative study. Arvola et al. (2012) used a service design case study
with AR walkthrough prototype. Hou et al. (2013) experimented with AR prototype guiding system
against a paper based. Oh et al. (2013) used a qualitative research by using usability use case to test a
model through service prototyping. Jung Bae (2014) used a qualitative research approach to test a
prototyping method by using case study. Kuure et al. (2014) used qualitative research by using
interviews, and use case data to test service prototyping methods. Exner et al. (2014) used a qualitative
research approach to test hybrid prototyping of PSS lifecycle by using a case study of testing. Fukuhara
et al. (2014) used a qualitative research for optimizing service processes by using a real life case study.
Peng et al. (2017) evaluated a service design by using a quantitative research approach by using a survey

with 30 participants. Boletsis et al. (2017) evaluated a VR service prototyping method by using
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qualitative research through a case study with three experts. Boletsis (2018) also evaluated service
prototyping methods by using a survey quantitative research with two groups of 21 participants. Satti et
al. (2019) evaluated a mobile AR app by using a mixed methods approach. Bode (2019) compared two
guidance systems (AR, paper) in an industrial setting by using quantitative research with a comparative

experiment.

There were several studies that are similar from the industrial assembly research domain, as studies that
compared between different forms of assembly guidance or assembly training. Boud et al. (1999)
compared assembly completion times of immersive (VR, AR) and conventional (drawing, plan)
assembly methods. Banerjee et al. (1999) compared effectiveness of the skills learned by using
blueprints, non-immersive desktop and immersive environment. Tang et al. (2004) compared assembly
guiding systems by using AR, printed manual and computer assisted instructions in an experiment.
Wiedenmaier et al. (2009) compared assembly guidance with a AR, paper manual and a verbal expert
tutorial with an experiment. Strobel and Zimmerman (2011) compared between desktop VR, desktop
stereo VR and a paper-based approaches in regards to performance, completion times, and accuracy.
Murcia-Lopez and Steed (2018) compared VR, paper and video based instructions in an experiment
setting. Barkokebas et al. (2019) compared performances of a VR training or a traditional paper
instructional manual in an experiment. Bode (2019) compared AR with paper instructions systems in
terms of effectiveness and usability in an industrial setting. Hoover et al. (2020) compared completion
time, error count, and score of MR Hololens assembly guide with desktop, tablet and tablet AR

instructions in an experiment setting.

3.4. Research Methods

By using the triangulation design validating data model where both sets of data are collected at the same
time from the survey by using a quantitative qualitative embedded questionnaire. The survey was
conducted on Jaxber app as it offers an easy way to collect the data from the participants on their digital
devices or on our own supplied tablets. The observations and attitude data was also directly captured
and typed in an excel file. The data collected is then correlated with the observations observed during

the experiments in order to validate the model.
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Figure 3.5 Mixed Methods Triangulation: Validating Data Model

The mixed methods triangulation approach used can be seen in Fig. (3.5) above. The research model,
which is an adapted from the Immersion User eXperience model from Pallot et al. (2013; 2017) and
Dupont et al. (2017). This model was devised after reviewing the literature, and adapting on these
models to address the research questions for attempting the hypothesis validation. The research model
includes the developing of an immersive experience, its immersiveness factors and causality factors.
Immersive eXperience could be described as perceptual, emotional, and cognitive immersions (Pallot et
al., 2017). The Immersive eXperience is then summarized in three UX properties perceptual, emotional
and cognitive immersion experience, these UX properties could impact the experience in several ways.
There is no social immersion at this stage, as the experiment will be done individually. These impacts
could be divided into the user immersion, service prototyping process, assembly process, and

experimental process.

As per Pallot et al. (2017) we can consider that; (1) the perceptual Immersion (PX) is measured by
assessing the intuitively of the prototype, which is established as user sensorial engagement and the
interactivity of the prototype, which signifies the user interactive engagement. (2) the emotional
Immersion (EX) is assessed based on the degree of prototype attractiveness to the user, which depends
on various aspects: the perceived and the user’s level of emotional engagement with the prototype; (3)
the cognitive Immersion (CX) is gauged based on the level interestingness of the prototype, and the
cognitive engagement of the user from the prototype, and (4) Service Prototyping Effectiveness (SPE)
is represented by the user friendliness of the prototype exemplifying the user presence, pleasantness
level of the prototype, and the perceived usefulness of the prototype to the user. The causality effects
then are measured by three separate UX factors. The first casual effect could be due to the use of the XR
devices, as the immersed time feels different to in a normal state. This is represented in the sense of user
awareness of their surroundings, and responsiveness to external factors or events. The service
prototyping causal effects depends on the purposes of service prototype, on how the learning of the user

is affected. The user should have the ability to complete the task after using the prototype. The
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immersion of the user while using an immersive service prototype could affect the user as they will
observe and asses the prototype by experiencing it instead of just seeing it. The user then could conclude
if they are convinced to adopt the immersive service prototype, or is willing to re-use in another context,
or even to recommend it to others for further use. The causality factors can be summarized into two
constructs; (a) Real World Dissociation (RWD) which is based on the sense of time, sense of presence,
and responsiveness to the surrounding; (b) Intention to Adopt (ItA) represented in the convincingness
to adopt it, willingness to re-use it, and degree on which to recommend it to others. To be able to have
an inclusive description of the impact of immersion, we need to have several questions in the research

instrument for each high construct, and for each UX property one question.

Real World Dissociation (RWD) [causality]

Timelessness: Timely, Mostly Timely, Almost Timeless, Mostly Timeless, Timeless

Inattentiveness: Attentive, Mostly Attentive, Almost Inattentive, Mo! nattentive, Inattentive
Unresponsiveness: Responsive, Mostly Responsive, Almost Unresponsive, Mostly Unresponsive, Unresponsive

Perceptual eXperience (Immersion) (PX)
+ Intuitiveness (Sensorial Engagement): Unintuitive, Mostly Unintuitive, Almost Intuitive, Mostly Intuitive, Intuitive

» Interactivity (Behavioural engagement): Passive, Mostly Passive, Almost Interactive, Mostly Interactive,
Interactive

Emotional eXperience (Immersion) (EX)
Attractiveness: Unattractive, Mostly Unattractive, Almost Attractive, Mostly Attractive, Attractive
Emotional Engagement: Uncommitted, Mostly Uncommitted, Almost Committed, Mostly Committed, Committed

Immersive eXperience (IX)
\

Cognitive eXperience (Immersion) (CX)
+ Interestedness: Boring, Mostly Boring, Almost Exciting, Mostly Exciting, Exciting
» Cognitive Engagement: Unthinking, Mostly Unthinking, Almost Thinking, Mostly Thinking, Thinking

(XdS) 2ouarradya ad£103014 2014135

Service Prototyping Effectiveness (SPE)
+ Friendliness (Self-Presence): Unfriendly, Mostly Unfriendly, Almost Friendly, Mostly Friendly, Friendly
+ Pleasantness: Unpleasant, Mostly Unpleasant, Almost Pleasant, Mostly Pleasant, Pleasant
+ Usefulness: Useless, Mostly Useless, Almost Useful, Mostly Useful, Useful

Intention to Adopt (ItA) [causality]
» Convincingness to adopt: Unconvinced, Mostly Unconvinced, Almost ced, Convinced, Convinced

» Willingness to re-use 7 V i lling

* Recommend to others: ade, Mostly S stly Recommend, Recommend

Figure 3.6 Research Model Factors and Constructs (Extension on Pallot et al. 2017)

As shown in Fig. (3.6) above, Immersiveness (IX) allows users to perceive, and react, and from their
reactions, feedback, and own observations will establish the causality effects. IX could be described as
perceptual, emotional, and cognitive immersion, while neglecting the social immersion as the
experiment will be done individually. To include the social immersion and other immersion types a
much bigger investigation is needed due to the diverse effects of the social and diverse other interactions,
which are not necessary to add in this explorative stage. The first casual effect is due to the use of
immersive technologies, (a) as the user will feel time differently when immersed as opposed to in a

normal state, (b) if the user was aware of their surroundings during the task, and (c) if the user is
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responsive to external variables. The service prototyping efficiency causal effects differs for each SP
purpose and in each SP form, it is based on the prototype’s ability to communicate the interned
information to the user. The immersion of the participants will also allow them to assess service
prototype experience and if they are convinced to adopt it, willing to re-use, or even to recommend it to
others. SPX rating can be considered as the participants’ rating of the experience during the experiment;
the SPX factor is an adapted from the Immersive eXperience model from Pallot and Pawar (2012). The
real world dissociation factors are also extracted from the responses of the participants on the questions
that revolve around the feeling of the notion of time disappearing during the experiment; the ability to
be attentive to outside factors, and the responsiveness to external influences as it was previously used
by Pallot et al. (2017). The service prototyping observed performance is then measured by the timing of

disassembly and assembly tasks for each SP form; as well as the number of errors made and of questions

Intention to Use
(Acceptance/Adoption)

Causality Causality
Effect Effect

asked by the participants.

Perceptual
Immersion
(PX)

Emotional

Facets Immersion Immersiveness
of IX (EX)
Cognitive
Innnﬂersion Service Prototype
(€X) Effectiveness
- (SPE)
Figure 3.7 SP Research Model

The research instrument consists of 15 bipolar rating questions in a survey with a semantic scale to
attempt to verify the model shown in Fig. (3.7), where the user has to justify that rating in the justification
space in order to understand the motivation behind the submitted rating. These justification elements
embedded in the bipolar questionnaire allow participants to freely express their feedback about their
submitted ratings in text form. This survey was created in English, as to be used in published studies,
and then was translated into German, which was used in the experiments done at the Furtwangen
University, and into French which was used at ENSAM Laval and Angers Campuses. These questions
were carefully selected to cover the SP experience facets, SP efficiency facets, and the real world

dissociation factors as discussed in previous publication (Abdel Razek et al., 2018b).
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Table 3.1

Research Instrument Questionnaire

SPX Survey R1 R2 R3 R4 RS
Q Justify
Rating Scale -2) -1) 0 +1) +2)
Perceptual eXperience (PX)
How intuitive is the [-1] Mostly | [0]  Almost | [1] Mostly

1 [-2] Unintuitive L » i [2] Intuitive
prototype? Unintuitive Intuitive Intuitive
How interactive is the ) [-1] Mostly | [0]  Almost | [1] Mostly )

2 [-2] Passive [2] Interactive
prototype? Passive Interactive Interactive

Emotional eXperience (EX)
How attractive is the | [-2] [-1] Mostly | [0]  Almost | [1] Mostly )

4 ) ) ) ) [2] Attractive
prototype? Unattractive Unattractive Attractive Attractive
How emotionally

) [-2] [-1] Mostly | [0]  Almost | [1] Mostly .
6 engaging were you ) ) ) . [2] Committed
) Uncommitted Uncommitted Committed Committed
with the prototype?
Cognitive eXperience (CX)
How interesting is the [-1] Mostly | [0]  Almost | [1] Mostly

7 [-2] Unexciting . » i [2] Exciting
prototype? Unexciting Exciting Exciting
How cognitively

) o [-1] Mostly | [0]  Almost | [1] Mostly o
8 engaging was  the | [-2] Unthinking o o o [2] Thinking
) Unthinking Thinking Thinking
prototype?
Real World Dissociation (RWD)
Please rate the feeling
. ) ) ) [-1] Mostly | [0]  Almost | [1] Mostly )
10 | of time while using the | [-2] Timely ) ) ) [2] Timeless
Timely Timeless Timeless
prototype
How attentive were
) [-1] Mostly | [Almost 1] Mostly )
11 | you of your | [-2] Attentive ) . ) [2] Inattentive
Attentive Inattentive Inattentive
surroundings?
How responsive were
you to external factors, ) [-1] Mostly | [0]  Almost | [1] Mostly | [2]

12 ) [-2] Responsive ) ) ) .
during the prototype Responsive Unresponsive | Unresponsive Unresponsive
use?

Service Prototype Effectiveness (SPE)
How friendly is the [-1] Mostly | [0]  Almost | [1] Mostly

3 [-2] Unfriendly ) ) ) [2] Friendly
prototype? Unfriendly Friendly Friendly
How pleasant is the [-1] Mostly | [0]  Almost | [1] Mostly

5 [-2] Unpleasant [2] Pleasant
prototype? Unpleasant Pleasant Pleasant
How wuseful is the [-1] Mostly | [0]  Almost | [1] Mostly

9 [-2] Useless [2] Useful
prototype? Useless Useful Useful

Intention to Accept and Adopt (ItA)
Please rate the degree
o [-2] [-1] Mostly | [0]  Almost | [1] Mostly .
13 | of convincingness to [2] Convinced
d Unconvinced Unconvinced Convinced Convinced
adopt
How willing are you to [-1] Mostly | [0]  Almost | [1] Mostly

14 . [-2] Unwilling . . . [2] Willing

re-use this prototype? Unwilling Willing Willing
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Please rate the level of
) . [-1] Mostly | [0]  Almost | [1] Mostly
15 | recommendation of the | [-2] Dissuade [2] Recommend
Dissuade Recommend Recommend
prototype

After the formulation of the significant factors for each experience, a list of the questions with their
corresponding constructs have been articulated as shown in Table (3.1) above. Each of these rating
questions has semantic scale of [-2] for the lowest rating grade, to [+2] for the highest one, where [0] is
for neutral rating, and with two quartiles with [-1] and [+1]. The word to best describe the factor and its
antonym is used for the [+2] and [-2] accordingly, and for [-1] and [+1] the term “mostly” was added
next to the word or the antonym, and for the neutral the term “almost” added to the word. These questions
could lead to understanding the degree of acceptance and the user friendliness. Each lower construct
will be measured by asking three questions on each property, this is in addition to the task completion
durations, and the justifications on the during the experiment will represent the most comprehensive

representation of the impacts of immersive technologies on service prototypes.

Real World Dissociation (RWD) Intention to Adopt (ItA)
Perception of time » Convincingness to adopt the service
* Attentiveness to their surroundings *  Willingness to re-use the service
responsiveness to external events » Recommend the service to others

Causality

o Causality
Effect

Effect

1 H5 A

Immersiveness (IX)
Perceptual Immersion Service Prototyping eXperience
Emotional Immersion (SPX)
Cognitive Immersion

Service Prototyping Effectiveness (SPE)
Usefulness (goal achievement)
User-Friendliness (less error)
Pleasantness (less questions)

Figure 3.8 Constructs Causality Factors and Hypothesis

As shown in the model in Fig. (3.8) above, Immersiveness consists of the three constructs, is intended
to explore a possible validation of the three hypotheses. Starting with the findings from each of the three
causality factors. The first hypothesis examines the impacts of immersiveness on the stakeholders on
the real-world dissociation in terms of time, attentiveness and surroundings. The second hypothesis
examines the impacts of immersiveness on the stakeholders’ service prototype experience, and how it

will affect the SPX. The third hypothesis examines the impacts of immersiveness on the service
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prototype ergonomic and hedonic qualities in terms of service prototype effectiveness. The fourth
hypothesis examines the impacts of service prototype effectiveness and efficiency on the stakeholders
SPX. The fifth hypothesis examines the impacts of SPX on the stakeholders’ intention to use in terms
of degree of acceptance and adoption. The participants were observed when they completing the task as
to write down notes on the participants’ verbal feedback from the participants, to observe their reactions
in the experiment, and to capture their observations during the experimentation. The duration it took
each participant to finish the task was measured, in addition to the knowledge absorption duration that
was estimated in the pre-test experiment, the errors and the requested explanations calculations as well.
The observations produced from the participant’s performance and their attitude during the experiment
will be used as interpretations for the survey results. The objective is, after quantitatively validating the

model and instrument, to have the experiment and results evaluated from an industrial stand point.

3.5. Statistical Analysis

In this study we are using both qualitative and quantitative approaches to validate our model. The
qualitative approach concentrates on the discrete data represented in demographics of the participants,
and in continuous data in the performance figures of our participants. The quantitative approach with
ordinal data represented in demographics of participants, and in ratio data with the performance of the
participants. To be sure which measurement model is the most appropriate for our study, we look at the
literature for answers. According to Fornell and Bookstein (1982) if it a trait we are measuring then it is
reflective, but if it is a combination then formative. Chin (1998) suggests that if there is a change in the
construct and all the items changed in the same manner than the model is reflective, but if not then it is
formative. Per Rossiter (2002) if the measurement is of consequences then it is a reflective model and
if it of causes then it is a formative model. Jarvis et al. (2003) added that if the factors are mutually

interchangeable then it is reflective but if it is not then it is formative.

We are then dealing with a formative model, where the direction of the causality is from the measures
to the construct, as the correlation among measures is not required, and the indicators are not
interchangeable, where the model starts with the structure and moves towards the factors, where the
indicators could have a positive or a negative value (Hulland, 1999). This means a change in one or
more of the indicators can cause changes in the latent variable. The focus of the formative measuring
approach is to generally minimize the overlap between complimentary indicators (Diamantopoulos and
Winklhofer, 2001). We will start with the research gap, which was deduced from the literature review,
then create some hypothesis on who we think the research will go, after that we start experimenting. The
modelling comes after the experiment, and then followed by the predication. Regression analysis is
when we collect data on a system and we believe that a relationship between the variables can be

measured and plotted (Ratkowsky and Giles 1990).
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According to Abdi (2003) the partial least square regression (PLS) aims to maximize the covariance
between the factors, starting by dealing with the outliers, then refining, validating and interpreting. The
second stage of PLS is then the predictions, deviations and comparisons. PLS regression is most suitable
when we need to predict a set of dependent variables from a large set of independent variables (Abdi,
2003). Regression is made to see why a particular value varies, and PLS is one method to do multivariate
regression. Hypothesis testing is when we have a premise or a claim that we want to test or verify
(Schaffer, 1995). In the statistical analysis we calculate the sample data used to decided either to reject
the null hypothesis or fail to reject it (Lehmann and Romano 2006). Through the statistical analysis we
will also check for the model and constructs for (1) construct validity, internal and external, (2)

reliability, (3) applicability and replicability, and (4) the goodness of fit.

3.6.  Experiment Preparation
The main goal of the study is to investigate the potential impacts of using immersive technologies on
service prototypes. The first objective then is to recognize the immersiveness impact factors, which was
done through the literature review and in previous studies. The second objective is to assess each of
these factor’s impact through experiments that will compare CSP and ISP performances. To be able to
fully grasp the impacts of using immersive technologies on service prototypes, an instrument, model
and experiment was created to determine these impacts and factors. The baseline experiment was
conducted to foresee the impact of using a service prototype, or rather the lack of using. This baseline
experiment explores the performance benchmark as to foresee how does the use of a service prototype
affect the performance. The baseline experiment is done by doing the disassembly and assembly task
without the use of any service prototype (assembly guide) as it will show us the performance and
experience of completing the task without the use of any service prototype. The second experiment is
the main SP experiment where participants used four different types of service prototypes, two of them
conventional and two are immersive, and answer a survey after each service prototype task completion.
The third experiment is an extension on the SP experiment with the addition of Mixed Reality Service

Prototype to the experiment, as participant used the MRSP and then give their feedback in a survey

form.
Feedback
Tterations, 1 = n
Action Representation Perception Reactions
Figure 3.9 Simplified Service Prototyping Process
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In Fig. (3.9) we present graphically a simple service prototyping process. This starts with an action or
an idea, which could be in any form, this prototype main purpose is exploration and results in a
representation of the idea. This representation will imprint an impression on the user, allowing users to
experience the service idea before it exists through prototyping. Through this experience, the user will
be able to perceive the idea and purpose of the service prototype used by means of experimentation. The
reaction to the service prototype mainly to evaluate the prototype, which leads in feedback and then
starting a new service prototyping iteration to improve on the prototype until the desired purpose is
fulfilled. For any service prototyping process there is a purpose, the service prototype purpose may
change with variations dependent on the service environment (Schrage, 1996). The service prototyping
purpose was extensively discussed in one of our previous publications (Abdel Razek et al., 2018a) and

in the previous chapter.

Table 3.2 Demographic Survey
Rating scope
QID Questions
Rating Selected Option
1 Cycle 1
2 Cycle 2
0 Please enter your subject ID and your experiment cycle
3 Cycle 3
4 Cycle 4
1 Male
1 Gender 2 Female
Unspecified
1 17-25
2 26-35
2 Age Slice 3 36-45
4 46-65
5 66-75
5 Professor
4 PhD
3 Occupation 3 Academic Employee
2 Student
1 Other
1 No Knowledge
2 Beginner
4 Service Development Knowledge 3 Practitioner
4 Specialist
5 Expert
1 No Knowledge
5 Immersive Technologies Knowledge (VR, AR, MR) 2 Beginner
3 Practitioner
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4 Specialist
5 Expert
1 No Knowledge
2 Beginner
6 Service Prototyping Knowledge 3 Practitioner
4 Specialist
5 Expert
1 None
2 Conventional Service Prototyping
7 Service Prototyping Experience - . .
3 Immersive Service Prototyping
4 Both
1 No Knowledge
2 Beginner
8 Immersive Service Prototyping Knowledge 3 Practitioner
4 Specialist
5 Expert
1 Furtwangen
9 Location 2 Laval
3 Angers

A demographic questionnaire was constructed, as shown in Tab. (3.2) above, to identify the
demographics of the participants where they have 10 multiple choice questions to fill out (question
shown above in Tab. 3.2). The experiment is designed as a mechanical maintenance service task
(disassembling and assembling) that participants perform with the support of the SP forms provided,
which mimics a maintenance or service activity. The participant has to disassemble and then assemble
a three-part metal construction with multiple bolts in multiple locations, by using a screw driver and the
instructions understood or instructed from the SP. Each of these concentric parts are oriented to be
assembled in only one orientation and order. These tasks are designed to simulate an industrial service
process but in a controlled setting, i.e. academic. The SP forms used in the experiment will come in five
different forms, two CSPs and three ISPs, all in the form of an instruction guidance prototype. The
participants have to fill in a survey after each SP use and task completion. The first step in the
experiments are the pre-test experiments these were done with several participants from all the different
demographics, which is to simulate the expected participants’ backgrounds to; (a) gauge the ability to
efficiently complete the task, (b) asses the average knowledge absorption duration needed for each SP
usage, and (c) improve on the current experimentation setup and process. The second step is the baseline
experiment is to create a benchmark for the participants’ performance, to see how will they fair in doing
the task without the support of a SP. The third step is the SP experiments in order to validate the research

model and instrument, including the extension MRSP experiment.
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The observed performance of the participants in completing the task can be gauged by combing the (1)
task completion duration, (2) errors calculations, (3) explanation requests calculations, and (4)
participants’ attitude. The task completion duration is measured by combining the time needed to absorb
the knowledge, finish the disassembly and assembly tasks. The error calculations are: (a) usage error
average per participant, (b) error opportunity rate is the number of errors of each participant is divided
by the number of opportunities of error, (¢) error frequency rate is calculated as participants made at
least one error during completing the task are averaged, and (d) error intensity is the maximum number
of errors made by one participant. The explanation requests calculations are: (a) usage explanation
requests average per participant, (b) explanation requests opportunity rate, where the number of requests
of each participant is divided by the number of opportunities of explanation requests, (¢) explanation
requests frequency rate is calculated by seeing which participants requested at least one explanation
during completing the task are averaged, and (d) explanation requests intensity is the maximum number
of explanation requests made by one participant. The attitude of the participants was observed by
assessing the participants’ facial expressions during the experiment and classifying them into three
categories (1) happy, as the participants were visibly satisfied and enjoying doing the task, (2) neutral,
as the participant looked impartial towards the prototype and task, and (3) frustrated, as the participants
seemed visibly or orally irritated by either the prototype of the task itself.

3.6.1. Testing
In these tests several experiment factors and aspects were tested, and developed. These tests are designed
to find out any lacking areas in the experiment before starting and to standardize some parameters for
the experiment. These parameters might vary from one participant to another but it will give us an

average that we can use in the analysis.

Experiment Iterations x4

Survey

Experiment Representation Perception Reactions Feedback

Figure 3.10 Simplified Test Process

The tests involved twelve participants with two conventional and two immersive service prototypes;
where they will use the following prototypes; (1) VRSP through a VR simulation immersing
participants, by using an Oculus Rift HMD, to explore an instructional manual animation of the three-
part metal construction disassembling process and then and then actually disassembling and then
assembling the metal construction in real life. (2) ARSP desktop application with a webcam to scan the
marker and then overlay the simulation of each disassembling process on top of the live feed on a PC

screen. In this case the participant will be simultaneously taking the instructions and completing the
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task. (3) PSP in the form of a paper instructional leaflet that includes all the required steps and
clarification of every step, with also an illustration of each part of the three-part metal objects, the written
instructions support the participant in understanding steps and then can be used to guide them through
the disassembling and assembling process afterwards. (4) MSP in the form of a simulation instructional
video of the disassembling and assembling process, the participants watch both videos then proceed

with the physical task, and can use the video as a reference as well.

The participants had to also fill in the demographic survey at the start of the experiment session, and
filled in a questionnaire after each SP use as to replicate the proposed SP experiment to foresee the
average experiment session duration. These test experiments covered diverse backgrounds and
experiences, ranging from students to professors, which was representative with the target group of the
validation experiment. The test room was well equipped with cameras for observing the participant, and
several screens and monitors to see the participant’s action while in the VR simulation AR application,

reading the paper leaflet, watching videos, and using the Hololens as well as doing the physical task.

Figure 3.11 Collage of Test Setup

Fig (3.11) above shows the test setup and the shape of the metal object, the video recording technique,
the room, the HMD equipment, and a picture of the first test. The test also showed that if the participant
felt they were rushed or that there is some kind of time challenge involved they tend to either hurry up
and try to cut corners resulting in errors or explanation requests. That is the main motivation to fixing a
standard time for the knowledge absorption as to have an average duration that can be used in the
calculations and statistical analysis; as some participants might enjoy VR and would want to stay longer
just for the fun of it, and others might skim read the paper leaflet as were bored quickly of reading. We
experimented separately how long it will take to read the PSP, watch MSP, and explore VRSP. This was

done within the test experiments to estimate the average duration of the knowledge absorption for each
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of these 3 SP forms. This makes sense because there is a difference in speed of reading, exploring and
watching these SP forms, so this was made to have a fixed estimated knowledge absorption duration.
This was also made to negate the fact that some participants will be playing or having more fun with
some SP forms, which will in then will take a longer duration. We should include the duration of learning
before starting the task, this was calculated on average from the experiment tests, as there is the
possibility that some participants will be playful with the immersive SPs, or some might take longer in
reading the PSP or playing within VR or with the AR markers. It was observed with the first 30
participants, that the calculated knowledge absorption duration averages, which were calculated in the

test experiment were valid, and didn’t have big variations in the knowledge absorption durations.

The number of errors opportunities during the completion of the task was counted on both disassembling
and assembling processes. The error opportunity number was found to be 20, as the participants had
twenty opportunities to make errors in disassembling and assembling the assembly parts. The number
of explanation requests opportunities during the completion of the task was also counted on both
disassembling and assembling processes. The explanation requests opportunity number was found to be
also 20, as the participants had twenty opportunities to request for further explanations in disassembling
and assembling tasks. The average durations needed for knowledge absorption for each of the SP forms
was averaged from these tests, as it will be more feasible task to add on the knowledge absorption
average on the completion times, as to have an individual clocking and pushing participants to be as
“efficient” as possible in the learning and might create more errors. These average durations are (1) four
minutes for the VRSP as the four minutes represents the average duration it took the participants to
finish the VR simulation (2) four minutes for the PSP, as it takes on average that long to read the paper
instructions, and (3) three minutes for MSP, the three minutes was calculated as it is the durations of

both the videos used in MSP.

The results of the test were also the reason that we changed the HMD equipment from Oculus Rift to
HTC Vive, as the Vive has a much better movement option and higher resolution as well. The duration
of the whole test was also optimized after the pre-tests experiment to be one hour for each participant as
more than it will be hard to find volunteers for the experiment. Concerning the AR there were also some
optimizations. It was decided to use a mobile version on a tablet or a large screen mobile with a stand
that holds the device in place right in front of the metal construction for ease of use; as the webcam
resolution is outdated and was sometimes flickering or losing the marker causing the participant. The
comments of also working hands free was noted from several participants of these tests, that was the
motivation on creating an additional SP form to add the experiment that fulfils that need. The Microsoft
Hololens allows its users to be able to see and interact with holograms and digital information hands-

free. A MRSP simulated digital instructional manual was developed for the Hololens with the same task
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sequences as an ARSP with an air tap interaction instead of having a marker recognition system. This

MRSP will be then used in the SP experiment afterwards.

3.6.2. Baseline Experiment
This base-line experiment is conducted to help establish the benchmark of the experiment; by starting
by the most complex situation without any support. A small number, 30 students, of participants will
start by directly to do the physical task individually without any use of SP. The participants’ objective
in this experiment was to try to disassemble and then assemble or vice versa depending on the starting
point of the experiment, 15 participants started with disassembling and 15 participants started with
assembling. The baseline experiment had three main metrics and observations to take note of (1) Were
the participants able to complete the task? If yes, then how long did they require to do so? (2) How many
errors did each participant have? (3) How many explanation requests were made by each participant?
The participants have to do so without the assistance of any SP form, while allowing them to ask me
questions as to guide them to what might be the correct the procedure for disassembling or assembling.
The observer’s role in this experiment is (a) to clock the duration needed from each participant to
complete the task, (b) calculate the errors calculations, (c) explanation requests calculations, and (d) to

observe the participant’s behaviors while completing the task.

The participants then have to complete the task without the support of any SP, and a small open
discussion with the participant after the task completion is conducted, which revolved over three central
points: (I) What was most challenging thing during the disassembly and assembly task? And why? (II)
What forms of instructional leaflet would provide the best support for this and similar tasks in their
opinion? And why? (III) If there were any other comments on the task? The durations were clocked with
a computer based stop watch, and all the data directly noted in an excel file, including errors, and
explanation requests. The baseline experiment showed that for even a perceived relatively easy task can
be challenging when not given any clue on how to start or where to start. This was also shown in the
baseline experiments, as the participant’s attitude were mostly negative and their average task
completion duration was extremely high, with a high amount of errors and explanation requests as well.
The baseline was important for having a feel to what a service user would go through if they don’t have
any kind of support, for example if you get an IKEA piece of furniture and you had to put it together

without looking on the instructions.

3.6.3. SP Experiment
The SP experiment has been designed to engage participants perceptual, emotional and cognitive
aspects. There is a need of a wide base of participants, more than 100, with different levels of knowledge

and experience, which was provided by both institutes of Arts et Métiers ENSAM and Furtwangen
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University. The experiment sessions were carried out in an academic context, in order to validate the
research model and instrument, as conducting a novel approach like this needs to be tested in a controlled
environment first. The industrial workshop and focus group discussions were conducted in an industrial
organization with industrial stakeholders to evaluate the service prototyping process and the
experiment’s results. The experiment results are then aggregated from the survey rating, survey rating
justifications, and participants’ performance and attitude observed. The observations, task completion
duration, errors calculations, explanation requests calculations, attitude of the participants The
participants’ performance is observed from the task completion duration, error calculations (average per
participant, opportunity rate, frequency rate, intensity), and explanation requests calculations (average
per participant, opportunity rate, frequency rate, intensity). The participants’ attitude is also observed
by their visual (facial expressions) and classified into three states, happy, neutral and frustrated. The
tasks were clocked from the moment that participant starts the disassembly or assembly task till the end
of each of these tasks. The duration needed to complete the task includes the knowledge absorption
duration. Explanation requests were the only way the participant got some sort of instructions or
guidance in completing the task, as all the participants are allowed to request explanation when they
needed it. During the experiment one researcher observed the participant’s actions and reactions; even
when they were immersed in VR, observation on what they were doing was done through a monitor.
Every participant’s interactions on using the ARSP was done through the tablet and the AR App.
Physical observation was done also while they were using PSP and MSP and see if they needed any
support. The duration of each task was recorded as well as noting their attitudes, comments, explanation

requests, and errors.

The demographic survey consisted of 10 multiple choice questions (see Table 3.2): The 15 questions
bipolar survey that the participants filled after each use of an SP form and the completion of the assembly
task was constructed to gauge their (1) immersiveness or the immersive experience (I1X), (2) real world
dissociation (RWD), (3) service prototype effectiveness (SPE), (4) service prototype experience (SPX),
and (5) intention of acceptance and adoption of the service prototype (ItA). The survey was constructed
with an embedded quantitative qualitative bipolar questionnaire with a semantic scale, where each
bipolar question has a justification element to justify the rating in free text form. The survey allowed
each participant to justify their given rating, as these justifications give an overview on the usage: To
give an overview on the justification a table was constructed with the three most mentioned justification
of each question, and the number of times that these comments were mentioned. The sentiment of the
participants was also deduced from the wording used in their comments. The sentiment analysis was
done with the same methodology as before where +1 is positive, 0 is neutral, and -1 is negative. The
participants used many words to justify their ratings, and by combining them all together in a cloud of

words.
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These physical tasks are guided by the different instruction forms: (1) PSP includes all the necessary
steps and explanation of every step through the CAD drawing of each part of the three-part metal object

(Video: https://youtu.be/YcQ6fn9KN c); (2) MSP contains a replication video of the assembling and
disassembling processes to show to the wuser how to do it correctly (Video:

https://youtu.be/JQTmSKRnqcQ); (3) VRSP for immersing the user through an HTC Vive HMD to

explore and interact with the instructions in a virtual environment (Video

https://youtu.be/j70ai6jgKO4); (4) ARSP uses a tablet device to overlay the instructions of each

disassembling and assembling step directly on the physical metal construction (Video

https://youtu.be/37ZXbGF 1npl); and (5) MRSP that uses a MR Hololens to project a holographic

instructional guidance for each of the disassembly and assembly process by projecting the necessary

steps on the metal part (Video https://youtu.be/QgSxmYYNR ). The first experience with the SP forms

results in stakeholder’s experience that induces user’s reactions and feedback that is collected and
analyzed along with my observations. These service prototype forms will have different user first time
reactions and feedbacks, so a form cycle was devised to have each SP form used as the first form to
eliminate biasing.

K
o

Figure 3.12 Experiment Picture Protocol

Fig. (3.12) above illustrates the experiment protocol where every participant: (1) receives a verbal
briefing and a video briefing (in some cases printed put in PDF); (2) fills out demographic questionnaire;
(3) proceeds with their experimentation part according to their experiment cycle, (4) answers the bipolar
survey after each completing each SP and assembly task, and (5) experiencing all of the SP forms, and
then debriefing. The experiment will be conducted in four different cycles; meaning that each group of
participants will start with a different service prototype type. The SP cycle that the participant starts with
changes every set of participants to eliminate biasing as well, a depiction of the experiment can be seen

in the following video (https://youtu.be/o8K18Q cG4k).

99


https://youtu.be/YcQ6fn9KN_c
https://youtu.be/JQTmSKRnqcQ
https://youtu.be/j7Oai6jqKO4
https://youtu.be/37ZXbGF1npI
https://youtu.be/QgSxmYYNR_I
https://youtu.be/o8K18Q_cG4k

Sequence 1 Sequence 2 Sequence 3 Sequence 4

Cycle 1

Cycle 2

Cycle 3

Cycle 4

Figure 3.13 SP Cycle and Sequence

The experiment cycle consists of the combination of the SP forms used in a specific order, as shown in
Figure (3.13) above. Every participant had to experience each service prototype form and provided their
feedback in filling out a bipolar survey. The overall duration of a participant’s session was about one
hour to complete the two tasks four times using the four different forms of service prototype and filling
out the survey as well. During the experiment one researcher observed the participant’s actions and
reactions; even when they were immersed in VR, observation on what they were doing was done through
a monitor. Every participant’s interactions on using the ARSP was done through the tablet and the AR
App, which could be observed from a distance. They were also observed when using PSP and MSP to
see if they needed any support. The duration of each task completion was recorded as well as noting

down their attitudes, comments, explanation requests, and errors.
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Figure 3.14 SP experiment Process

The participants had to fill out four bipolar surveys throughout each individual SP form use, as shown
in Fig. (3.14) above. The experiment is conducted in different cycles as the same order might influence
the answers of the participants due to implicit knowledge. The participants were all assigned different

SP cycles, as to eliminate biasing from doing the task with the same SP form at the start or end of a
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cycle. Our strategy is to identify the difference in performance, eXperience, intention to adopt and
attitude of the participants according to their demographics identifiers. Then we classify these
differences and foresee if there are similarities between the participants’ demographic identifiers groups
and SP forms. The aim is that after validating our model and instrument, to present it in an industrial
focus group to see their opinion. This industrial focus group engages industrial service stakeholders in
presenting the service prototyping process, and the experiments results and findings opening a

discussion over service prototypes and to evaluate the experiment, this all is discussed in a later chapter.

3.6.4. Experiment Mixed Reality Extension
Unfortunately, the Hololens device was not available for use at the same time as the other devices. The
MRSP part was not done concurrently with the other four SP forms as the Hololens, MR device, was
not available for use at the same time of the VR and other devices. A Mixed Reality holograms guiding
the user by projecting holograms through the Hololens of the user to guide them in the disassembly
process. The experiment sessions were conducted at the Furtwangen University at the Service
Competence Centre with 30 volunteer participants, mostly students. In MRSP the participants have to
air tap on the hologram instructions to get the next steps in the disassembly and assembly guide. The
participants answered a smaller demographic survey as all of the volunteers were contacted through the
courses that I teach or through direct conversation in the service competence center, where the
experiment was conducted. The participants then proceeded with using the Hololens with the MRSP
instructional visualization to simultaneously complete the task. They then fill in the same survey used
in the validation experiment. The collected data were clustered to several data sets; the first set of results
is the demographic data of the participants; the second set of results addresses the answered bipolar
survey; finally, the third results set reflects the observation metrics. After the SP experiments, there will
be future testing in an industrial context, with industrial stakeholders this is to test the refined validated
model in a real scenario to be able to see the impact in an industrial context. I will also conduct several
industrial workshops with industrial partner organizations to demonstrate the facets and applications of

ISP.

3.7.  Industrial Workshop and Focus Group Discussion
The aim of the industrial workshop and focus group discussions is to gauge the industrial acceptance for
service prototyping process and the use of service prototype in an industrial setting. Liebherr company
was very interested in conducting further service prototyping disucssions as we had a previous
cooperation with them in a research project, and we conducted several workshops at their headquarters
to clarify what could be done with service prototypes, and how to develop services by using service
prototypes. Another reason for choosing Liebherr is that actually hired new employees to handle service

prototyping processes after we conducted our workshop there, which shows that they were convinced
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on the advantages of using service prototypes. Liebherr management asked us also to conduct the focus
group discussions after we finished the experimentation, so the interest was mutual from both sides.
They then invited me to their headquarters for two days of focus group discussions, where they invited
all the service interested employees from the different divisions to attend the focus group sessions within
the two-day span. Two days of focus group discussions to explore, evaluate and communicate service
prototyping, service prototypes, and SP Experiment. An elaboration on what has been done in the field
of service prototyping in the past three years, and what was found through the investigation was
presented. Also the three purposes for service prototyping exploration, evaluation, and communication
were interpreted; while using the experiment as an example of using service prototyping for industrial
service training. The main objective is to help foresee the industrial applicability, acceptance,

adaptability and degree of recommendation.

As we already conducted several service prototyping workshops at the Liebherr group, they contacted
us to inform us that they would be interested in partaking in a workshop and several focus group
discussions. Liebherr was founded in1949 by Hans Liebherr where it started out as a machine factory in
Kirchhoff, Germany, now as the foundation stone for the Liebherr group with over 46,000 employees
worldwide. The workshops were conducted before for the head of divisions and also for the employees
of the earthmoving technologies division. This division generates the highest turnover within the
Liebherr group of companies with almost 3 billion euros in 2018, as seen on their website, and is
characterized by a diverse portfolio in the field of earthmoving technologies and material handling
machines. The focus group discussion participants were from several divisions from Liebherr, with

almost all of them working in industrial services.

3.7.1. Workshop
The industrial workshop was divided into three sessions on two days, as there were several industrial
participants that were interested and it was better not to have too many participants at the same time.
Before presenting the workshop, a survey was conducted to know more about the demographics of the
participants, and to gauge their knowledge, interest, confidence and acceptance levels in service
prototyping and immersive technologies. Each participant had to fill an entry survey before the
presentation and then an ending survey after the discussions was over. The entry survey inquired about
the participants’ (1) age slice, (2) vocational area, (3) number of years employed, (4) familiarity with
the service prototyping, (5) familiarity with immersive technologies, (6) level of knowledge in service
development, (7) level of knowledge in service prototyping, (8) level of knowledge in immersive
technologies, and (9) expectation from workshop and focus group discussion. The workshop included a
presentation on service prototyping to introduce the concept and the definitions needed to be able to

grasp the topic. The workshop then proceeded with explaining the latest findings about service
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prototyping in the literature. Some of the participants already had either a good idea or at least some sort

of an idea on what is service prototyping, as we have had several workshop at Liebherr before.

The next part of the workshop was mainly to explain the added value from service prototyping for an
industrial company, and especially Liebherr. The workshop also covered the why use and how to-use
service prototyping. The support of service development process was the main focus, however the tools
and methods that are used to integrate multi-dimensions of the service in a prototype were also
discussed. A simplified and rapid service prototyping process was presented to be utilized by the
company in the future. The second part of the workshop was mostly about the study, and the context,
goals, plan and experiment. The results of the SP experiment were presented and discussed in the
presentation of the workshop. Then it proceeded with asking them about their actual use cases at
Liebherr. The workshop ends by discussing with the participants their specific questions on the study,

experiment, results, and implications, and them filling in an exit-survey after the group discussions.

Figure 3.15 Collage of Pictures of the Workshop at Liebherr

3.7.2. Focus Group Discussion
The focus group discussions were conducted on two days after the three separate workshops. They were
conducted at the Liebherr training academy, where each session took approximately three hours
including the presentation and discussions. The workshop included a presentation of our latest findings
in service prototyping and experiment results. This included the experiment reasoning, setup, results and

conclusions, while the focus group discussions included open ended questions.
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Table 3.3 Focus Group Discussion Open-ended Questions

Questions Open ended Questions
1 To what extent are you ready to use service prototypes?
2 What do you think of the results of the research study?
3 How do you assess the effects of:
3.a Experiencing a service that does not exist yet?
3.b Communicating a service idea that does not exist yet?
3.c Evaluating a service that does not exist yet?
3.d Learning a service that does not exist yet?
4 Do you see benefits for using service prototypes?
5 How do you see the use of service prototypes in service development at Liebherr?

We proceeded with asking the participants five open questions to engage in a discussion with the
participants, these discussions will be crucial on gauging the participant’s state of mind on the topics of
service prototype application and immersive service prototypes. The open ended questions that were
asked are shown in Tab. (3.3) above. After the workshop and the focus group discussion the participants
had to fill the second survey after the workshop and focus group discussion. The participants fill out a
bipolar survey on their satisfaction, acceptance and also their feedback, where they answered question:
(1) rate current level of familiarity with service prototyping (2) rating current degree of technical
acceptance, (3) rate current degree of adoption, (4) rate current level of service prototyping knowledge,
(5) rate level of immersive technologies knowledge, (6) if their expectations were fulfilled. The
discussions will be recorded and the data will be combined with their survey results, as the relevant
information was collected and presented in the findings section and the discussions transcript used to
create a cloud of concepts. The participants were also given handouts after the discussions were over

for future reference and utilization.

3.8.  Summary
The experiment engages the participants with two CSPs where participants read a leaflet, watch a video
and use three ISPs where participants interact with objects within a virtual reality environment, in an
augmented reality environment, or in a mixed reality environment. All participants utilize these SPs to
complete the disassembling and assembling tasks by using the support of each of the different SP forms.
The mechanical element to disassemble/assemble is composed of a three-part metal construction with
coinciding unique components. The three-part metal construction has multiple screws and bolts in
multiple locations, which needs to be unscrewed/screwed. Participants’ attitudes were observed during
the completion of the disassembling and assembling tasks when each participant reacts in the stressful
situation of completing these tasks. The observations made during the two experiment sessions were
noted and saved in an excel sheet as following: (1) clocking with a chronometer the duration of

disassembling and assembling tasks; (2) counting the number of errors; (3) counting the number of
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explanation requests; and (4) capturing participants’ attitude (facial expressions) during the completion
of the two tasks (including 3 attitude options: (a) happy meaning that the observer could detect a smile
or positive facial expressions; (b) neutral meaning that the observer could not decode the participant’s
facial expression; (c) frustrated meaning that the observer could see that the participant is sad or has a

negative facial expression).

Every participant had to experience each of the service prototype form, complete the task, and provided
their feedback in filling out a bipolar survey. The survey contained fifteen semantic scale bipolar
questions, each question represented one UX property, and each three of these properties constituted a
lower construct, and each several lower construct constituted a higher construct. The ratings ranged had
a semantic scale from [-2] representing very weak, [-1] weak, [0] moderate, [+1] strong, and [+2] very
strong. The overall duration of a participant’s session was about one hour to complete the two tasks four
times using the four different forms of service prototype and filling out the survey as well. This survey
is composed of bipolar questions with justifications space for each user to elaborate on their answer,
allowing the data to be collected, analyzed and interpreted at the same time. This bipolar questions data
will flow in the quantitative findings and the data from the questions’ justification part will flow in the

qualitative ones.
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Figure 3.16 Summary of the Methods

In Fig. (3.16) above we summarize the methods and expected findings in a graphical form for a better
understanding of the methods, and the findings. As shown in the baseline experiments, validation
experiments, and industrial focus group discussions collected data combined with my observations
during the experiment will be used to validate the model and instrument. The validation will be done
with the triangulation approach to enable the proof through cross verification from more than one data
set. Since this is a novel research stream of service innovation and immersive technologies. Then an
experiment to verify this conceptual explorative research, according to a predetermined set of SP forms,

in a specific service use case that can be scalable and feasible as well.
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4. Findings

4.1. Introduction

The SP experiments were conducted at the Furtwangen University in Germany, and Art et Métiers
ENSAM at both Angers and Laval campuses in France. The academic setting was best suited for such
an exploratory research, which a wide-base of participants is present. The campuses all offer a wide-
base of participants with diverse backgrounds, knowledge levels and experiences. The experiment was
created to dynamically engage the participants starting with (1) answering a demographic survey, (2)
then proceeding with several conventional and immersive service prototypes and mechanical four-part
construction; where they will use the prototypes to complete the disassembling then assembling tasks,
afterward (3) filling in a bipolar survey on what they used and did. The experiments comprise of baseline
experiment, validation experiment, and MR extension experiment. The experiment objective is to
uncover the impacts of using service prototypes and immersive service prototypes, and if there are
significant differences between the SP forms. The findings presented in this chapter are the results of

the SP experiments, and the industrial focus group discussions done afterwards.

The demographic questionnaire is intended to make distinctions on some specific attributes, such as: (a)
gender; (b) occupation; (c) age; (d) knowledge; (e) experience levels, among the participants later on
during the analysis. The baseline experiment’s objective is to foresee the impact of not using a SP to
support the completion of the task. The baseline experiment was conducted with thirty student
participants with an experiment duration average of thirty minutes per participant. There were several
tests conducted to establish the duration needed for knowledge absorption for each SP form, and to
improve on the experiment overall methodology and setup. The SP experiment starts then by the
participant using each one of the SP forms resulting in an experience that provokes a reaction that in
turn creates feedback, which then results into different experience and feedback from each SP form and
each participant. The SP experiments main objective is to show the differences between different SP
forms and to verify the research model and instrument. The main SP experiment was conducted with
four SP forms, VRSP, ARSP, PSP and MSP this experiment had an average of one-hour per participant
with a total of one hundred and two participants from various backgrounds. The SP experiment was
conducted in different cycles; meaning that each group of participants started with a different SP form,
to eliminate biasing due to latent knowledge from use of any SP form. The extension experiment was
conducted with only MRSP as the Hololens (MR) device was not available at the same time as the other

VR and AR devices. This extension experiment was conducted to compare the performance, experience
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and acceptance of MRSP with the other four SP forms. The extension experiment was also conducted
with thirty participants where each experiment session took approximately twenty minutes. The
experiments findings are shown in the following order, (I) baseline experiment results; (II) model
statistical validation findings (III) SP experiment results; (IV) industrial workshop and focus group

findings, and the (V) summary which recaps the results of the experiments.

4.2. Baseline Experiment

The baseline experiment sessions were conducted to create a benchmark for the task observations and
to get participant’s feedback. The performance measurements observed were the (a) task completion
duration, (b) errors made and (c) explanations requested; as to compare it with the performance of SP
Experiment. The participants have to complete the task without the use of any SP form to support them.
The baseline experiment was conducted fully in the service competence center at the Furtwangen
University, as it was the best-equipped location to accommodate the 30 participants that volunteered to
participate in the experiment. These 30 participants were all students, ranging from 18 to 28 years old,
mainly engineering and computer science students. For this baseline experiment, participants had to fill
out a three qualitative questions survey. The three questions were to ask about the what was the biggest
hurdle, what would they recommend to use to complete the task, and if they had any other comments.
These answers were then translated from German and transferred into the excel file for further analysis.
The results are divided into (1) durations results, (2) errors results, (3) explanations results, and (4)

participants’ survey feedback.

4.2.1. Observations Results
The baseline experiment performance results are the durations, errors, and explanation requests
calculations from the 30 participants that participated in the baseline experiment. The durations were
clocked by using a chronometer, and was then typed into the excel file, the durations were clocked from
the start of the participant trying to disassemble or to assemble until the task has been completed. The
participants were allowed to ask as much as they needed, which most participants did, and they mostly
used the trial and error method. Almost all the participants had some kind of issue with the starting point

that reflected on the durations captured, explanation requested, and errors made as well.

The participants in the baseline experiment were all students of the service management program, where
most of them had some form of immersive technology and service prototyping experience through
classes or lab experiments. The ratio of volunteered participants was 27% for female and 73% for male,
which is also similar to the population of the SP experiment participants. The participants’ observed

attitude according to their facial expressions was noted to gauge their attitude towards completing the
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task with no support of any SP form. The participants were visually frustrated as only 2% of the

participants were visually happy, while 77% were frustrated and 35% were neutral or uninterested.

4.2.1.1.  Task Completion Duration (disassembly/assembly)

The durations are representing the time each participant took to complete the dissembling and
assembling task of the metal construction. Half of the participants started with disassembling and then
proceeded to assemble, and the other half of the participants did it vice versa. The total task completion
duration ranges from the fastest to the slowest duration of all the participants of the baseline experiment.
The fastest participant to complete the task took a duration of four minutes and forty-three seconds, and
the slowest was nineteen minutes and thirty-seven seconds, while the average duration was eleven
minutes and nine seconds. The task completion durations show that most of the participants faced
challenges in completing the task. This indicates that even for such a simple disassembling and
assembling mechanical task some kind of instructions or guidance is needed to make the task much
more doable for the participants. The task completion duration could be considered as a sign of
efficiency, so the faster the participant finishes the task the more efficient the participant in completing
the task. The slow task completion durations can be attributed to several things, but the lack of any
guidance or instruction manual to orient neither disassembling nor assembling process might have been
the main hurdle. It was found that many participants tried to complete the task as fast as possible but
then made many errors due to the complexity of the part’s shapes and sequence, as each part fits only in
one position and in one place. Some participants thought that they completed the task and then found an
unused screw or an incorrect fit between the mechanical parts, which led to an abundance of errors and
explanation requests (i.e. trial and error). The participants were mostly approaching the task with a trial
and error mindset, where they tried to put the parts together and when they felt they made a mistake they

either asked, or started again from the previous step.

4.2.1.2.  Error Calculations

The error figures show there were a number of issues and challenges that the participants faced to
complete the task. The average SP usage error rate can be construed partially as an effectiveness
indicator, as it decreases when the number of errors made increases, meaning that errors is inversely
proportional to the degree of effectiveness. The ranges of the errors committed by the participants during
task completion is ranging from zero errors, which was the case from only two participants whom didn’t
commit any errors while completing the task. The error opportunity rate was 21.50%, which means that
the participants committed errors in more than fifth of the opportunities available to make errors. The
error frequency rate was 90% of which participants have committed one or more errors either in route
of finding the next step or when unsure about a fit or sequence. The error intensity was eleven errors,

which is a considerable number of errors compared to the other participants, as most of the participants
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committed between two and six errors. The minimum amount of errors done by any participant was zero
errors, and only two participants managed to achieve that. The mean is approximately four errors, and
only three participants had exactly four errors while completing the task. The most errors committed by
one participant in both disassembling and assembling combined was eleven errors, and only one
participant committed that many errors. These numbers show that more than 90% the participants were

not effective in completing the task without an SP, as they committed one or more errors in the process.

4.2.1.3.  Explanation Requests Calculations
Explanation requests were the only way the participant got some sort of instructions or guidance in
completing the task, as all the participants are allowed to request explanation when they needed it. As
shown from the number of errors, the participants were having a hard time completing the task that led
to more explanation requests from the participants. The explanation requests could be considered as an
indicator of effectiveness, as the more participants request explanations the less efficient they become
as they will require more time. The average explanation request per participant was around four and the
least amount of explanation requested was zero, where only two participants from the thirty participants
managed to finish the task with no explanation requests. The explanation request opportunity rate was
21.67%, which means that they request explanations in more than fifth of the opportunities available.
The frequency rate was 93.33% of which participants requested explanation while doing either
disassembling, assembling or both. Most of the participants requested between two and six explanations,
as the explanation requests intensity from one participant was nine. The mean average also lies within
the median range, and only four participants had exactly four explanation requests, where only four
participants managed to finish the task after asking for four explanation requests each. The most
explanations requested was nine requests, and there were three participants that requested that amount
of explanation. This shows that 10% of the participant had the most amount of explanation requests
compared to the rest of the participants. The efficiency and effectiveness is also then low, as the

participants will take longer due to requesting explanations and making more mistakes.

4.2.2. Qualitative Results
There was a small survey for the participants to fill out where the participants were asked three
questions after completing the task in an open discussion setting. Their answers were written
down on a paper, and discussed verbally afterwards. The first question was to see what was the
biggest hurdle or challenge in completing the task without the use of any instructions. The
second question was to ask if they can think of any kind recommendations of tools or

technologies that they could use to make completing the task more efficient. The third question
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was if they had any other comments after completing the experiment not related to the first two

questions.

4.2.2.1. “What was the biggest challenge that you faced in completing this task?”
That is the first question in the survey that participants answered after they have completed the task. The
participants had almost a consensus on the biggest challenge that they faced; as twenty-two participants,
which is more than 70% of them, had challenges with the positioning, order, fit or combination of several
of them. This is due to the fact that the metal construction is made out of three concentric-nested metal
pieces that might look simple in construction, but each piece only has one orientation, fit and position
to assemble or disassemble from. This is understandable as the participants were students and most of
them have less experience with such assembly tasks, which can include intricate details to the process.
The second most mentioned challenge issue was the lack of visualization of the final shape or design,
where five participants, which is more than 15% of the, mentioned that they either can’t visualize the
steps or the final design or both. This shows that it is an issue if the participants don’t have an idea about
the final step or what would be the desired result of the process. The third most mentioned comment on
the challenge faced, was the missing information that they don’t have, like dimensions, weight, hazard
instructions, etc. These comments were from three participants (10%), so this might be also an issue
with having no instructional manual for the process as you might have a higher risk of injury due to the

lack of information.

Table 4.1 Participants’ Feedback: Top Commented Challenges
Top Comment about Challenges Number of Comments
Issues with positioning and order 22

Can't visualize the steps or final design 5

Weight and dimensions of the parts 3

The top comments concerning the hurdle in completing the task is summarized in Tab. (4.1), where the
top challenges that faced the participants, as communicated by them in the discussion afterwards, are
listed with the number of times that participants mentioned them in the evaluation stage. The challenges
can be summarized as (a) the positioning one of the parts, as each part fits in only one position and
orientation, (b) disassembling and assembling order was problematic for the participants as seen from
their feedback, (c) the parts were heavy and non-uniform and hard to handle, and (d) the information

about weight and dimensions are lacking.

42.2.2. “what would you recommend to complete the task more efficiently?”
After they completed their task, participants were asked to answer this second open-ended question. The

participants had mixed answers to this question, which shows diversity in the answers in contrast to the
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first question. The most mentioned comment for recommendations was to use a video demonstration to
help in completing the task, where six participants mentioned that comment, which is 20% of the
participants. The MR hands-free recommendation was the second most stated comment, with five
participants or almost 17% of the participants recommending it. The participants also mentioned that a
paper instruction would be sufficient or at least helpful in completing the task, this comment was
mentioned only four times, which is almost 14% of the participant, making it the least mentioned

recommendation comment provided.

Table 4.2 Participants’ Feedback: Top Commented Recommendations
Top Comment about Recommendations Number of Comments
Video demonstration 6
MR Hands-free guide 5
AR step by step instructional manual 5
VR Simulation for training 5
Combination of different instructional forms 5
Paper instructions 4

The participants’ comments can be summarized, as shown in Tab. (4.2) above, in that they all
recommended using some form of (a) demonstrator, (b) assembly guide, (c¢) instructional manual, (d)
training simulation, (e) instructions manual, and (d) a combination of different instructional or guidance
forms. This shows that the participants were up-to-date with the newest advancements in the assembly
and instructional manual services as 50% of the participants recommended some form of immersive
instructional manual, guide or training. The feedback also showed that the participants also had a similar
thinking to what the SP experiment has to offer. As in the SP experiment a VR training simulation
(VRSP), an AR step by step instructional manual (ARSP), a video demonstration (MSP), and a paper
instructional manual (PSP) are used. To be able to graphically display the recommendation comments
from the participants in a meaningful manner, a word cloud was generated from their comments as

shown in the appendix.

4.2.23. ‘“what other comments do you have not related to the first two questions?”
These comments concern the baseline experiment as a whole, as the participants were given the freedom
to give their feedback on any part of the experiment. As shown from their comments, it mostly revolves
around the same concepts as before, (1) assembly task steps, (2) potential of hands-free working, (3)
complexity of assembly process, and (4) instructional manual form, these comments were also
mentioned in the previous two questions. The majority of the participants found it hard to start the

experiment without any instructions or a finished design to orient themselves on. All the participants
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were all students, as such they are mostly not trained for such situation as they have limited real life

industrial assembly experience.

4.2.3. Summary
The participant with the most errors and explanation requests commented in the challenges questions
that “Positioning and fitting of the parts were the biggest issue”, they added that the participant “would
recommend a video of the task being completed for replication of task”, and they finish the comments
by adding that he “didn't understand how it will look, very hard to visualize without a manual or guide”.
The comments that the slowest participant replied for the biggest challenge question was “Didn't know
how and where to take off the parts first? And what to do next?”, and this is what he had to say for the
recommendations question “An AR guide would have been good to have for step by step instructions”,
and the last thing the participant added in the other comments section was that “MR would work better
for an industrial environment”. The fastest participant had previous experience with mechanical
assembly from their previous technical studies, which they mentioned that “did similar process in my
practical studies” in the answer of the biggest challenge that faced them, they answered the
recommendation question that they think “paper with simple drawing” would suffice, and added in the
other comments section that “MR would be better for understanding”. A performance, and experience
comparison was made to foresee if there are any differences in the of the participants in regards to their

gender.

The baseline experiment succeeded in showing that even for such a simple process, communication is
crucial for completing the task successfully and efficiently. The participants were able to finish the
assembly tasks but they faced many challenges and issues in the process, which is represented in the
comments, as well as the performance metrics. The fastest participant to complete the task was one of
the two participants to complete the task without any errors and explanation requests as well, finishing
the task in only four minutes and forty-three seconds. The slowest participant to complete the task had
a task completion duration of nineteen minutes and thirty-seven seconds with eight errors, and four
explanation requests. The average task completion duration was just over eleven minutes, and the
average errors committed and explanation requested were both 4.3 per participant. The participant who
made the most errors also requested for the most explanations, this participant had a task completion
duration of fourteen minutes and forty-one seconds with eleven errors and nine explanation requests.
The participant’s feedback show that the participants wished for any kind of support or guidance, which
shows that even some simple 3D drawings, pictures, or animations would have made a big difference.
The participants also expressed that a step by step guide is somehow necessary even for simple
processes. They also added that MR devices offer the extra advantage of hands-free working, which

would be more appropriate for similar assembly tasks. They also argued that visualizing the final design
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or even the next steps without any support is challenging. One participant even added that he had a
totally different concept of the design before finishing the task, which shows that even for such a simple

assembly task, confusion is bound to happen when no communication takes place.

Table 4.3 Summary of Baseline Experiment Results
Observations Average Female Male Diff. Female/Male
Task Completion Duration (TCD) [min:sec] 11:09 11:21 11:04 3% slower
Usage Error Average Per Participant (EA) 43 3.63 4.55 20% lower
Error Opportunity Rate (EOR) 21.50% 18.13% 22.73% 20% lower
Error Frequency Rate (EFR) 90% 87.50% 90.91% 4% lower
Error Intensity (EI) 11 10 11 9% lower
Explanation Requests Average Rate (XA) 433 4.63 4.23 9% higher
Explanation Requests Opportunity Rate (XOR) 21.67% 23.13% 21.14% 9% higher
Explanation Requests Frequency Rate (XFR) 93.33% 87.50% 95.45% 8% lower
Explanation Requests Intensity (XI) 9 9 9 No diff
Green = Higher (Positive), Yellow = Equal (Neutral), Red = Lower (Negative)

A sentiment of frustration was observed from most of the participants as soon as they started the task,
and it worsened for some throughout the disassembly and assembly. It was also observed that most of
the participants preferred to start first with trying to figure out where and how to start then they tended
to ask after they faced their first issue or challenge. Some participants started directly by requesting
explanation for starting the task to ask for position or orientation of the constructions parts, this could
be observed from the high number of explanation requests. Several participants faced challenges in the
first and final steps of the task the most. This shows that even for a simple mechanical assembly task
several explanation requests were necessary, as communication is crucial for completing the task in an
efficiently and effective manner. The average difference between female and male participants in the
task completion duration could be negligible as it is only 3%, which could be due the heavy metal pieces
of the metal construction. The amount of errors committed by the participants was due to the absence of
any guidance or instruction on how and where to start, which led to disorientation and discontent for
most of the participants. The errors show that the participants weren’t able to be as effective as they
could be as they lacked the guidance for completing the task. The experience of the participants is also
a factor, as more experienced participants may have had been more efficient and effective in completing
the task even without the use of any support, as they will have experience that might help them in the
challenge. The females had 20% less errors on average per participant than the males, and also 20%
lower opportunity rate. The females had an error intensity of 10, while the males had 11. This might

indicate that the females were able to more effectively complete the tasks than the males.
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The average amount of explanation requests by the participants was 4.33, which show that it was for
most of the participants it was challenging to complete the task without the use of any support. The
explanation average opportunity rate was 21.67%, and the explanation requests frequency rate was
93.33% while the explanation request intensity was 9. This shows that training, instructions, or guidance
would have made a huge difference in not only the performance but also the experience and sentiment
of the participants. Female participants requested on average 9% more explanation than male
participants did, they also had a 9% higher explanation request opportunity rate. Female participants had
an 8% lower explanation request frequency than males, and both had the exact same explanation requests
intensity of 9. This shows that females asked more questions on average, and took more opportunities
to ask, but more females complete the task without using explanation requests than males. The main
observations from the experiment revolved around three elements concerning (1) the participant’s
attitude towards the experiment which was majorly negative; (2) the participant’s performance in
completing the task which was sub-par compared to experiment average durations, errors, and
explanation requests; and (3) the participant’s feedback which was insightful as it had a lot of useful
comments that even included similar descriptions of the assembly support resembling that in the SP

experiment.

4.3. Model Statistical Validation

To check the association of Immersiveness (IX) to the variables of Service Prototyping Effectiveness
(SPE), Real World Dissociation (RWD), Service Prototyping eXperience (SPX), and. Intention to Adopt
(ItA). IX is a higher order construct which is formed by the 3 immersion experience variables, Perceptual
(PX), Emotional (EX), and Cognitive (CX). These variables are measured by the questions in the survey
represented in 2 UX properties each. The RWD is formed by the three properties but is caused by the
IX, which is the first hypothesis is that IX has a positive impact on RWD. The second hypothesis is that
IX is a predecessor (causality effect) of the SPX, SPX is formed by IX and SPE. The third hypothesis is
that IX has a positive impact on SPE, which is formed by three properties from the survey. The fourth
hypothesis is that SPE is predecessor (causality effect) of SPX, where the higher the SPE the higher the
SPX. The fifth and final hypothesis is that SPX has a positive impact on ItA, as the intention is formed
by three UX properties.
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Figure 4.1 Proposed Research Model and Instrument

Considering the model in Fig. (4.1) as the starting point to attempt the research model and instrument
validation. The developed model attempts to verify the lower and higher constructs of the model; by
using a formative construct where the questions (Q1 = 15) are forming the construct of IX, RWD, SPE
and ItA. As the starting sequence of the prototype that participant started with (variable Seq.) could
affect the measurements, a part of all respondents are bundled together for analysis, additionally it will
be checked separately into four groups given by the variable Seq. Considering the analysis in 5 different
cases, as we looked at (a) all the respondents, (b) sequence 1, (¢) sequence 2, (d) sequence 3, and (e)

sequence 4.
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Figure 4.2 Hypothesized SP Research Model

The model in Fig. (4.2) was analyzed by using Partial Least Squares method (PLS) (Hair et al., 2011).
This method is used to estimate model coefficients, and it does not require observable variables to be
normally distributed, which is important when using semantic scales. This method was used successfully
in similar research of validating UX models (Krawczyk et al., 2017; Topolewski et al. 2019). To validate
the model statistically we started by assessing the measurement model. The approach is used to enable

testing of the SP theoretical framework through series of hypothesis that are formulated at the level of
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the constructs. UX properties Q1 to Q15 are measured on a bipolar semantic scale, where values range
from -2 to +2. There is only one missing value (item Q9). There were 103 participants that filled out the
UX survey instrument including quantitative measures, which has to be calculated based on the 440

entries to test the hypotheses.

Table 4.4 Descriptive statistics of the UX Properties
Survey | Missing Mean Median Min Max ]S)t:::g?if)‘;
Q1 0 0.847 1 -2 2 1.115
Q2 0 -0.025 0 -2 2 1.533
Q3 0 0.468 1 -2 2 1.247
Q4 0 0.391 1 -2 2 1.303
Q5 0 0.416 1 -2 2 1.213
Q6 0 -0.532 -1 -2 2 1.347
Q7 0 0.433 1 -2 2 1.353
Q8 0 0.651 1 -2 2 1.276
Q9 1 0.888 1 -2 2 1.016
Q10 0 -0.364 -1 -2 2 1.401
Q11 0 -0.376 -1 -2 2 1.477
Q12 0 0.455 1 -2 2 1.333
Q13 0 0.599 1 -2 2 1.151
Q14 0 0.752 1 -2 2 1.206
Q15 0 0.696 1 -2 2 1.187

The statistical properties of the measurement model are presented in the descriptive statistics of Tab.
(4.4). The statistical significance was assessed using the bootstrap method with 5000 iterations. In the
original model (see Figure 4) property Q11 was not significant The Q11 was not precisely formulated,
as it was asking the participants to rate the degree to which each of them perceived attention capacity to
external events. The issue was that the survey was done is three languages and this question was
somehow lost in translation, as we had three contradictory sets of answers from this question, meaning
that each of the three languages used (French, German, and English) were understood differently. Since
Q11 was not significant, thus not valid property of RWD, it was excluded from the final model. All of

the other properties are significant and are taken in the consideration for the final model.

Table 4.5 Relative and Absolute Importance of Indicators and Collinearity
Weights Loadings
Model VIF
Original Sample Values Original Sample Values
Sample Mean P Sample Mean p
Q1 > PX 0.548 0.547 0.000 0.788 0.786 0.000 1.151
Q2 >PX 0.661 0.661 0.000 0.860 0.859 0.000 1.151
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Q4 > EX 0.874 0.873 0.000 0.981 0.98 0.000 1.297
Q6 2EX 0.223 0.223 0.000 0.641 0.64 0.000 1.297
Q7 >CX 0.82 0.821 0.000 0.947 0.947 0.000 1.156
Q8 >CX 0.345 0.343 0.000 0.646 0.644 0.000 1.156
Q3 >SPE 0.272 0.268 0.000 0.785 0.782 0.000 1.687
Q5 >SPE 0.673 0.674 0.000 0.945 0.944 0.000 1.719
Q9 >SPE 0.228 0.23 0.000 0.660 0.662 0.000 1.344
Q10 >RWD 0.756 0.749 0.000 0.894 0.887 0.000 1.096
Q12 >RWD 0.468 0.468 0.000 0.692 0.69 0.000 1.096
Q13 DItA 0.429 0.43 0.000 0.935 0.933 0.000 3.072
Q14 SItA 0.155 0.154 0.027 0.875 0.874 0.000 3.243
Q15 DItA 0.486 0.484 0.000 0.954 0.952 0.000 3.779

As shown from Tab. (4.5) above that All variance inflation factors (VIFs) are lower than 5, therefore we
conclude there are no multi-collinearity problems. Relative importance of an item is assessed by its
weight and weight significance. The important thing here is that all properties (except Q11) are
significant (p-values are smaller than 0.05). In an ideal situation one would also expect that properties
of one construct would have roughly equal weights and values of the weights would not be greater than
1/3n (n stands for the number of items within the construct). It means that the maximal limit of a single
weight for two properties constructs is 0.71 and for three properties constructs is 0.58. This requirement
is not must be condition for the statistical validation, it is just the perfect condition scenario. By
considering the table above we can see that Q4 is visibly stronger than Q6 in explanation of EX, similarly
Q7 is stronger than Q8 at CX and Q10 a bit stronger compered to Q12 to explain RWD. For SPE, Q5
over performs compering to two other items. Summarizing, we assume convergent validity is established
for all items, though we can observe some disparity in explanatory power between properties. Absolute
importance of a property is assessed by its loading and loading significance. All properties have
significant loadings (see Table. 4.5). There are some loadings that are lower than 0.7 but they are still
greater than 0.6, a typical threshold for an exploratory study; as such they are considered to be valid.
The properties of Q6, Q8, Q9, and Q12 had relatively small weights compared to the other property in
each of their corresponding construct. To assure discriminant validity, it is expected that the loadings

within the corresponding construct will be higher than cross-loadings on the other constructs.

Table 4.6 Loadings and cross-loadings
Properties PX EX CcX SPE RWD ItA
Q1 0.788 0.5 0.528 0.619 0.176 0.543
Q2 0.86 0.65 0.651 0.58 0.449 0.446
Q4 0.686 0.981 0.738 0.773 0.373 0.639
Q6 0.466 0.641 0.542 0.427 0.447 0.376
Q7 0.679 0.739 0.947 0.709 0.435 0.629
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Q8 0.473 0.463 0.646 0.553 0.118 0.444
Q3 0.612 0.612 0.618 0.785 0.237 0.55

Q5 0.697 0.765 0.734 0.945 0.332 0.679
Q9 0.383 0.393 0.483 0.66 0.141 0.681
Q10 0.342 0.383 0.36 0.268 0.894 0.219
Q12 0.288 0.291 0.268 0.251 0.692 0.184
Q13 0.553 0.596 0.62 0.705 0.24 0.935
Q14 0.507 0.54 0.596 0.674 0.215 0.875
Q15 0.57 0.624 0.639 0.731 0.237 0.954

Table (4.6) above shows the highest loadings on each construct are indicated in red, additionally the
hypothesized properties of each of their corresponding construct are framed. Ideally it expected to have
red items in the frames that belong to each of the corresponding constructs. But as shown from the frame
patterns indicated; there are no major issue except Q9 highly loads on ItA instead on SPE, showing lack
of discriminant validity. It was also reflected in somehow relatively low weight of this item pointed
above. It may be somehow explained, because Q9 has indirect effect in ItA, so naturally it must be
correlated with ItA. For all other items loadings are sufficient. In summary, the discriminant validity is
established for all constructs, with exclusion of weak performance of Q9 at SPE. Considering the
findings in Tab. (4.6) above, it is concluded that convergent and discriminant validity is established.
There is also two Higher Order Constructs (HOCs) in the model, namely IX and SPX, which consist of
Lower Order Constructs (LOCs). Therefore, we need to evaluate paths between LOCs and HOCs.

Table 4.7 Path Characteristics
Path Original Sample Sample Mean p- Values VIF
PX 2> IX 0.273 0.271 0.000 2.349
EX > IX 0.42 0.419 0.000 2.74
CX 2> IX 0.404 0.405 0.000 2.875
IX = SPX 0.314 0.314 0.002 3.478
SPE-> SPX | 0.711 0.708 0.000 3.478

Table (4.7) above shows that all relationships between LOCs and HOCs are significant, have expected
direction and adequate strength. There are no problems with multi-collinearity since all the VIFs are
lower than 5. Determining the path significance investigate the impact of IX on RWD, SPX and SPE as
well as impact of SPE on SPX, and SPX on ItA to test our research hypotheses.

Table 4.8 Path significance and coefficients of determination
Path Original Sample Sample Mean p- Values R Square Conclusion
IX > RWD 0.431 0.435 0.000 0.186 Hypothesis H1 supported
IX 2> SPE 0.844 0.847 0.000 0.712 Hypothesis H3 supported
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Results are summarized in Table (4.8) above. The null hypothesis is rejected when the p value is very
low (p < 0.05) then we can support our hypothesis. As expected, the impact of IX on RWD is positive
and significant, which supports our research hypothesis H1. It is worth to add, that IX has rather low
impact on RWD since coefficient of determination equals only R*2 = 0.186. IX also positively affects
SPE, here with high coefficient of determination R"2 = 0.712, which supports the H3 Hypothesis.
Finally, there is statistical evidence to support research hypothesis H5 about positive impact of SPX on
ItA, here R"2 = 0.649. Considering the research hypotheses about the predecessors and their
significance, it was found that both hypotheses H2 and H4 are supported. The H2 stating that IX is
predecessor of SPX and H4 that SPE is predecessor of SPX are supported since in the valid model this
two paths are significant (see Table 4.7). To assess if the paths of the LOCs and HOCs are significant a

specific indirect effects are measured.

Table 4.9 Specific Indirect effects
Path Original Sample | Sample Mean | p-Values
CX DIX 2> SPX 2 ItA 0.102 0.104 0.008
EX 2 IX > SPX 2 ItA 0.106 0.107 0.005
IX 2> SPX > ItA 0.253 0.255 0.003
PX 2> IX > SPX 2> ItA 0.069 0.069 0.008
CX 2> IX > SPE 2 SPX 2 ItA 0.195 0.196 0.000
EX - IX - SPE 2> SPX 2 ItA 0.203 0.204 0.000
SPE = SPX = ItA 0.572 0.573 0.000
IX = SPE >SPX - ItA 0.483 0.485 0.000
PX 2 IX = SPE 2 SPX 2> ItA 0.132 0.132 0.000
CX 2> IX 2> RWD 0.174 0.176 0.000
EX > IX > RWD 0.181 0.182 0.000
PX 2 IX > RWD 0.118 0.118 0.000
CX 2> IX > SPE 0.341 0.343 0.000
EX - IX - SPE 0.355 0.355 0.000
PX 2> IX > SPE 0.231 0.23 0.000
CX 2 IX > SPX 0.127 0.128 0.007
EX 2> IX 2> SPX 0.132 0.131 0.004
PX 2 IX > SPX 0.086 0.085 0.007
CX 2 IX 2 SPE > SPX 0.242 0.242 0.000
EX - IX - SPE 2> SPX 0.252 0.251 0.000
IX > SPE = SPX 0.6 0.599 0.000
PX 2 IX 2 SPE - SPX 0.164 0.163 0.000
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Additionally, we can assess specific indirect effects of each LOC and HOC on endogenous constructs.
As we can see in Tab. (4.9) above that all paths are significant. The most significant path is the SPE to
SPX to ItA, which also explains that the effectiveness of the prototype is directly related to eXperience
and also tied to the intention of adopting a prototype. To be able to complete the analysis of the model,

the goodness of the model’s fit has to be measured.

Table 4.10 Model fit of the final model
Goodness Model | Values
SRMR 0.026
d_ULS 0.019
d_G 0.006
Chi-Square 13.48
NFI 0.994

Goodness of fit of the model is summarized in Tab. (4.10) above. What is most important is that
Standardized Root Mean Square Residual (SRMR) is lower than the typical maximum threshold of 0.08
and that the Normed Fit Index (NFI) is higher than the typical minimum threshold of 0.95. Therefore, it

can be concluded that the model has a good model fit.

4.4.  SP Experiment
The SP experiment was conducted as such that every participant had to use and experience each service
prototype form afterwards they had to complete a task then provided their feedback by filling out a
bipolar survey. The experiment was originally planned to include all VRSP, ARPS, MRSP, PSP, and
MSP in one session. However due to the time constraint and the fact that the Hololens MR device was
not available at the same time as the other VR HMD and AR tablet, MRSP was conducted in a separate
extension experiment. The main SP experiment engaged 103 participants, while in the extension MRSP
experiment were only 30 participants volunteered, which add to a total of 133 participants the whole SP
experimentations. The overall duration of a the first SP experiment sessions was about one hour per
participant; including the time for (a) briefing, (b) experiencing, (c) experimenting, and (d) feedback.
During the experiment observations were noted on the participant’s attitude, interactions and reactions
to the tools and devices used; even when they were immersed in VR. The participant’s sentiment is

based on the emotion of their provided feedback in form of the free text ratings justification.

Table 4.11 SP Experiment Survey Decomposition
High Construct Middle Construct Lower Construct Survey Properties
Ql Intuitiveness
Perceptual eXperience (PX) —
Q2 Interactivity
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Service Immersive eXperience Q4 Attractiveness
Prototype Ix) Emotional eXperience (EX) -
eXperience Q6 Emotionally Engagement
(SPX)
Q7 Interestingness
Cognitive eXperience (CX) —
Q8 Cognitive Engagement
Q10 Timelessness
Real World Dissociation (RWD) Qll Attentiveness
Q12 Responsiveness to external events
Q3 Friendliness
Service Prototype Effectiveness (SPE) Q5 Pleasantness
Q9 Usefulness
Q13 Convincingness to adopt
Intention to Adopt/Accept (ItA) Ql4 Willingness to re-use
Q15 Readiness to recommend

To give a better representation of these properties and constructs a table was created to show the
questions representing each property and construct, this is represented in Tab. (4.11) above. A more in
depth analysis of the survey observations, quantitative, and qualitative results are found in the appendix.
The participants’ performance is observed from (1) Task Completion Duration (TCD) in minutes and
seconds, (2) Errors Average per participant (EA), (3) Error Opportunity Rate (EOR), (4) Error
Frequency Rate (EFR), (5) Error Intensity (EI), (6) Explanation request Average per participant (XA),
(7) Explanation request Opportunity Rate (XOR), (8) Explanation request Frequency Rate (XFR), and
(9) Explanation request Intensity (X1I). The participants’ attitude is also observed by their visual (facial
expressions) and classified into three states, happy, neutral and frustrated. The bipolar survey that the
participants filled after each use of an SP form and the completion of the assembly task was constructed
to gauge their (a) immersiveness or the immersive experience (IX), (b) real world dissociation (RWD),
(c), service prototype effectiveness (SPE), (d) service prototype experience (SPX), and (e) intention to
adopt the service prototype (ItA). The survey contained fifteen semantic scale bipolar questions, each
question represented one UX property, and each three of these properties constituted a lower construct,
and several lower construct constituted a higher construct. The ratings had a semantic scale from [-2]

representing very weak, [-1] weak, [0] moderate, [+1] strong, and [+2] very strong.
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Figure 4.3 SP Experiments Demographics

The number of participant in each of the three locations where the experiment sessions took place is
shown in Fig. (4.3). Furtwangen university was the location with the most participants with 64% of the
total participants, and longest as well as the experimentation took around one year. While Angers and
Laval both with the same amount of participant of 18% each, however each of them had an experiment
span of only week each, with 48 participants in 8 days of experimentation. The experiments were mostly
conducted at the Service Competence Centre at the Furtwangen University, the Laval Virtual Centre at
the Arts et Métiers Laval campus, and the VR lab at the Arts et Métiers Angers campus. These academic
locations were selected as service competence center is one of the most advanced labs in Germany for
testing and prototyping services, and the Laval Virtual Centre is an immersive technologies hub for the
newest innovation in the technology, and at Angers VR lab enabled having the pure strong engineering

background that lacked in the both the other locations.

The number of participants from each of the genders is graphically displayed in Fig. (6) above, 77% of
the participants were male, 23% of them were female with a total of 133 participants. This means the
male participation quote in the experiment is three times that of the female one, this might be attributed
to several factors. The first factor is that the experiments were all conducted in either engineering or IT
laboratories, which has traditionally higher male to female student’s quote. The second factor might be
due to the fact the male participants might be more interested in testing a new technology or SP form
than female ones. The third reason might be due to the assembly nature of the experiment, which might
be more interesting for male participants than female ones. The participants were mostly from an
academic background, either professionals or students, as the experiments were all conducted in an
academic setting. The number of professional participant, including professors, doctors, and academic
employees, and the number of students that participated in the experiment are shown in Fig. (4.3) above.

The experiment had a good ratio of professionals to students, which constitutes one to three, 24% of the
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participants were professionals, while 76% of the participants were students. The ages of the participants
are also representative of the demographics of the participants as shown in Fig. (4). 67% of the
participants were between the ages of 17 to 25, while 22% between the ages of 26 and 35, and the rest
were divided with 6% for the age slices of 36 to 45 and 5% for the age slice between 45 and 65. The SP
Experiment then is divided into four SP forms, VRSP, ARSP, PSP and MSP, with a total participant of
103 participants. The SP experiment with 103 participants had more than 70% male participants, and
less than 30% were female, more than 60% of them were students, while less than 40% were

professionals.

4.4.1. Paper Service Prototype
Paper Service Prototype (PSP) is the most familiar form of prototypes as all the participants would have
used a paper instructional manual for something even in their daily life, like assembling IKEA furniture
to making an oven backed cake. The knowledge absorption is done before the disassembling and
assembling tasks. The participants used a conventional paper instructional leaflet to guide them in the

steps to complete the task.

4.4.1.1.  Observations Results
PSP offers a traditional method for information communication, through written words and printed
illustrations the participants to aid in completing the task. The observations consist of the duration
needed to complete the task, the errors made by the participant in the process, and the explanation
requests enquired by the participants in order to complete the task. The fastest participant to complete
the task took five minutes and forty-nine seconds, the slowest took ten minutes and thirty seconds, and
average was seven minutes and fifteen seconds. Most of the participants were able to complete the task
in a one minute and twenty second gap from each other, making it the least consistent SP form used
from the duration range perspective. The attitudes of the participants while completing the task was also
observed. The observations show that 86% of the participants were neutral or uninterested while
completing the task by using PSP, while 10% were visually happy or satisfied, and 4% were frustrated

or angry for some reason.

The fastest participant was able to complete the task 45% faster than the slowest, and 20% faster than
the average. The participants committed some mistakes, the maximum amount of mistakes done by one
participant was two errors, and the average was 0.08, which could be considered as insignificant. This
shows that paper was successful in communicating the information needed to correctly complete the
task, and that the participants were able to complete the task without making many errors. The
participants also had a relatively low average for the explanations requested, which was 0.11 and a

maximum of two explanation requests. This shows also that paper was able to communicate the steps
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and guide the participant to complete the task effectively. PSP was used in four different sequences; the
starting position is the most important as it shows the duration needed without the effect of learning as
the task is the same every time. PSP was the slowest SP form on average compared to all other

experimented SP forms, this shows that paper is outdated as a way of communicating information.

Table 4.12 Task Completion Durations Through PSP Sequences (min:sec)
Sequence Average(min:sec)
PSP 1 08:01
PSP2 07:10
PSP 3 07:16
PSP 4 06:37

The PSP application sequences and their respective sequence task completion durations are list in Tab.
(4.12) above. The durations of the participants were decreasing from the first sequence to the last, this
might be due to the learning effect of doing the task multiple times. This shows that PSP has a normal
learning curve, where the participants gradually improve as they perform the task more times. The
performance difference between the first sequence and the of the fourth sequence is could be contributed
to the learning effect discussed previously. The difference in the participants’ performance could be due
to several factors, some might be the length of the instruction text, as some participants were “bored”
or due to the fact that the metal construction is heavy. so to be able to clarify on these factors, a

comparison of the participants’ demographics identifiers was constructed.

Table 4.13 PSP Observations Gender and Occupation Difference
Observations Average Female Male Diff F/M Professionals | Students Diff P/S
TCD (min:sec) 07:15 07:20 07:15 1% slower 07:14 07:16 <1% faster
EA 0.08 0.1 0.07 43% higher 0.04 0.09 55% lower
EOR 0.39% 0.50% 0.35% 43% higher 0.20% 0.45% 55% lower
EFR 5.83% 5% 5% No diff. 4% 7% 43% lower
EI 2 2 2 No diff 1 2 50% lower
XA 0.11 0.2 0.08 150% higher 0.14 0.09 55% higher
XOR 0.53% 1% 0.40% 150% higher 0.70% 0.45% 55% higher
XFR 9.90% 15% 8% 87.5% higher | 11% 9% 22% higher
XI 2 2 1 100% higher 2 1 100% higher
Green= Positive (higher), Yellow = Neutral (Equal), Red = Negative (Lower)

Regarding the gender identifier as shown in Tab. (4.13) above, the task completion duration difference
between females and males was only 1% as such it could be considered insignificant. This shows that

PSP offers a relatively gender neutral form of communication where both gender perform equally. The
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average usage errors made by the females was 43% more than males, which could be due to the weight
of the mechanical construction as it could be challenging as it is made out of iron and weighs about 10
kilograms. The error opportunity rate for females was 43% higher, the error frequency rate for females
was the exact same for males with 5%, and also the error intensity was identical with 1 error per
participant. This might indicate that the females used more opportunities to make errors, but the number
of female and male participants that made errors was the same and also the maximum amounts of errors
committed by one participants as well. The explanation requests showed a significant difference as
females enquired 150% more than their males, which could be due to the fact that females ask more
question to be able to fully understand the process, positioning and fit and males might tend to rush in
and start and then ask questions when needed. The females had also a much higher explanation request
opportunity rate with 150% that of the males. The explanation request frequency rate was also 87.5%
higher than that of the males, and the explanation requests intensity of females was also 100% higher
that of males. These might show that the females asked much more questions when they had the
opportunity, requested more explanations than the males, and even had more requests in the maximum

number per participant.

Considering the occupations of the participants, which was divided into two categories, professionals
and students as to keep it more coherent. The professionals had insignificant performance advantage as
they had less than 1% improvement in the duration of the task in comparison to the students, which
confirms the stability of the form as it had almost the same performance in comparing genders as well.
Professionals made 55% less errors per usage per participant compared to the students, they also had
55% more explanation requests opportunity rate, and 50% less explanation request intensity. This could
be attributed to the experience and knowledge that these professionals possess that give them the edge
to complete the task with less mistakes. Although the professionals were minimally faster than students,
and had less errors in completing the task they requested 55% more explanations than students.
Professionals also had 55% higher explanation request opportunity rate, and frequency rate, while the
explanation request intensity was 22% higher than that of the students. Professionals participating were
mostly from an academic background, as such questions, studies and investigations are in their job

description, which an explanation on why professionals requested more explanations than students.

4.4.1.2.  Survey Quantitative Results
The participants rated PSP survey, and almost all of the properties in the survey, negatively. This could
be a big sign that the participants think that paper is outdated and is now a redundant form of
communication or an archaic method of delivering information from one place to another. This issue
could be also due to the fact that the PSP instructional leaflet was created in English, then translated into

German and French, which was the case also with the survey. The PSP survey rating were the lowest
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amongst all the other SP forms, as mentioned before that could be due to different reasons. To be able

to clarify on these reasons a deeper dive in the constructs and their ratings is needed.
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Figure 4.4 PSP Constructs Average Ratings

The participants rated the IX, RWD, and SPE all with almost the same negative rating, showing almost
consensus on the negative rating on the SP form, which is also represented in the average survey rating
as shown in Fig. (4.4) above. The participants’ ratings for PSP constructs shows that paper is an outdated
and not an environmentally friendly form of communication, which also lacks immersion factors that
leads to a deficit in the usage experience. The only construct that rated higher than the average survey
rating was the intention to adopt, as paper showed that is still well accepted as a form of communication
for many of the participants. The differences in the ratings could be due to several factor, as such

considering the two demographic identifiers to foresee if there are any significant difference between

them.

Table 4.14 PSP Survey Rating Differences in Gender and Occupation
UX Average Female Male Diff F/M Professionals Students Diff P/S
IX Weak (-0.75) Weak (-0.85) Weak (-0.73) 16% lower Weak (-0.57) Weak (-0.82) 30% higher

RWD | Weak (-0.59) | Weak (-0.57) | Weak (-0.6) | 5% higher Weak (-0.31) | Weak (-0.71) | 56% higher

SPE Weak (-0.22) Weak (-0.32) Weak (-0.56) 43% lower Weak (-0.41) Weak (-0.23) 78% higher

SPX Weak (-0.48) Weak (-0.61) Weak (-0.45) 36% lower Weak (-0.31) Weak (-0.55) 44% higher

ItA Weak (-0.1) Weak (-0.45) Weak (-0.01) 450% lower Neutral (0.08) Weak (-0.17) 146% higher

Green= Positive (higher), Red = Negative (Lower), (UX Ratings: -2 > 2)

Regarding the gender, where differences between female and male participants’ average ratings are
shown in Tab. (4.14) above. Females rated the IX 16% lower than males, as they might have found the
mechanical illustration and assembly explanation not as interesting as the males did. RWD rating from
both female and male participants were similar and therefore the difference of the 5% can be considered

as insignificant, that shows that both genders have the same real dissociation tendencies towards PSP.
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Females also rated the SPE 43% lower than males, it could be due to the factor mentioned before. The
SPX rating differences are significant, as the females rated on average 36% lower than males, this could
be to the several factors as mentioned in the acceptance explanation, but also could be due to the nature
of the experiment itself as the mechanical task could be more interesting for males than females. Females
rated the ItA 450% lower than males, that is a significant difference, which might be contributed to
design and nature of the paper leaflet, which is functional and lack any storytelling elements, also the

illustrations are purely mechanical with neutral colors.

Considering the occupation, as such the rating differences between professionals and students are
compared. The professionals rated all the PSP constructs significantly higher than the students, this
could be due to the fact the professionals have more appreciation for paper, and the students are younger
and therefore more biased towards digital ways of communication. The professionals rated the IX 30%
higher than students, showing that they felt that the paper was more immersive than the students did,
which could be attributed to that the younger students tend to be more attracted to digital solutions than
analog solutions. Professionals rated the RWD 56% higher than students, this might be an effect of the
age difference as the younger student participants felt more dissociated with the paper than the
professionals. Professionals rated the SPE 78% higher than students, which could be due to the fact that
the professional participants are older than the students and may have worked much more with similar
paper instructions. Professionals rated SPX 44% higher than that of the students, confirming that the
more experienced participants tended to have a better experience while using paper than the younger
participants did. Professionals rated the ItA 146% higher than students, this a significant difference
might indicate that the professionals accepted more paper as a method of communication while the

student were more rejecting it.

4.4.1.3.  Survey Qualitative Results
The survey allowed each participant to justify their given rating, as these justifications give an overview
on the usage of the PSP. The sentiment analysis was done with the same methodology as before where

+1 is positive (green), 0 is neutral (yellow), and -1 is negative (red).

Table 4.15 PSP Survey Sentiment Results Top Justifications
Question Se;1 gx_:::nt Top Comments 1 Top Comments 2 Top Comments 3

How intuitive is the | Negative Typical instructional | Drawings lack information and | No visualization (each step

prototype? (-0.1) manual intuition visualization is not there)

How interactive is the | Negative . ) There is no instant practice
No interaction You can only read )

prototype? (-0.79) after readying

How friendly is the | Negative L . . .
Easy to understand Reading intensive to boring No real-time test

prototype? (-0.6)
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Rather unattractive as the

prototype

How attractive is the | Negative It’s not new, classical pictures are rather boring and
Too much text and little visual )
prototype? (-0.65) but not modern the text does not make it
attractive.
How pleasant is the | Negative )
Neutral Boring Normal
prototype? (-0.49)
How emotionally .
) Negative ) ) ) )
engaging were you with (0.64) No emotions factual information only Just a paper, boring
the prototype? :
How interesting is the | Negative ) ) Classic learning method, very ) ) )
Not interesting, long Not innovative, old fashioned
prototype? (-0.6) common
It requires a lot of
How cognitively : . .
Negative It’s a method that has ) concentration to imagine the
engaging  was  the ) Just a to-do list o
(-0.17) worked, but boring object in volume and the way
prototype?
to proceed
How Useful is the | Positive It transmitted the ) Fulfills the purpose, however,
. . OK for this purpose o )
prototype? (0.31) information I needed it is rather demanding
Please rate the feeling of . .
. . Negative ) ) You are in the real world,
time while using the Normal Reading takes time . . .
(-0.6) there is no immersion
prototype
How attentive were you | Negative
Very aware I was focused on the task Concentrate
of your surroundings? (-0.34)
How responsive were There was as far as I noticed
Neutral I was concentrated on ) ) )
you to external events, Normal and common no distraction on which I
) (-0.06) the paper
during the prototype use? could have reacted
Please rate the degree of | Negative ) Could you better design in | Normal, common operating
o We must innovate ) ) )
convincingness to adopt | (-0.23) terms of guidance instructions
o . Classic  format and
How willing are you to | Negative . o )
) simple to set up but not | If it is the only option That made me bored
re-use this prototype? (-0.13) o
intuitive
Please rate the level of _ ) )
Negative Depending on the Easiest and cheapest to setup
recommendation of the o I would not recommend
(-0.27) situation and use

The participants’ sentiment is overall negative, with only the usefulness property rating positive, and
responsiveness as almost neutral as shown in Tab. (4.15) above. The positive sentiment of the usefulness
property might be due to the convenient nature of paper, as almost all the participants have used a similar
instruction paper leaflet to assemble or disassemble something. The PSP sentiment average value was -
0.36, which is due to the negative sentiment in interactivity, attractiveness, and emotional engagement
properties. Paper doesn’t offer any kind of interactivity, as such it was excepted to have a negative

sentiment, but as the participants are mostly students they are mostly more technology affine and more

environmentally aware as well so this might have been a big factor inducing this negative sentiment.

PSP as a prototype was not constructed to be visually appealing as such the sentiment when asked about

how attractive is the prototype was also negative, which could be attributed to the nature of an
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instructional leaflet with only text instructions and mechanical schematics for the parts used in the task.
PSP didn’t connect with most of the participants, as it lacked storytelling elements, and didn’t have any
drawings that might evoke emotions. The participants mentioned in their comments that they felt that
PSP was a “typical instructional manual” with “no interaction” and some even mentioned that they
“cannot read and screw at the same time”. The also felt that PSP was “boring” with only “factual
information”. The participants also found PSP “nothing special” and found it to be “less attractive” as
“reading takes time”. However, they mentioned also that they were “concentrated on the task” as it is
“easy to understand”. They also added that they would use it “but if it is the only option” and only

“depending on the situation” they might recommend it.

4.4.2. Mock-Up Service Prototype
Mock-Up Service Prototype (MSP) where the participants watch two video, one for disassembling and
one for assembling, and then proceed to complete the task. The participants showed consistency in their
performances in completing the task while using MRSP. Several participants also verbally commented
on how easy it was to replicate the task after watching, yet some other participants complained that they
forgot the steps after watching the videos. To have a better understanding on how did the participants

actually performed while using MSP, an analysis on their performance, and feedback.

4.42.1.  Observations Results
The observations here are the task completion durations of each of the participant, the amount of errors
that they made during completing the task and explanation requests in the process. The fastest participant
to complete the task took four minutes and thirty-nine seconds, slowest in eight minutes and fifty-seven
seconds and the average in six minutes and one seconds. Most of the participants completed the task in
the forty-seven seconds gap between five minutes and thirty-three seconds and six minutes and twenty
seconds. This gap is the smallest in all the SP forms showing the consistency of the MSP as a form of
communication. There were several outliers to upside, which is significantly more than the other SP
forms, which shows that some participant found it challenging to replicate a process after directly
watching it two times (one-time disassembly, one-time assembly). The participants were fairly neutral
while completing the task by using MSP as shown from their attitude throughout the experiment. 82%
of the participants were neutral or impartial to using MSP, while 12% were visually happy, and only 6%

were frustrated or gave visual cues of unhappiness.

The participants were able to complete the task in relatively faster than PSP. This difference in
performance might be due the fact that they needed only to replicate the task as seen in the videos, where
in the case of PSP they had to read and understand the instructional leaflet first. This could be due to the

fact that video is a well-established method of communication, and learning, as almost every participant
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had seen an instructional or learning video, and most probably in the future it will be the same with XR.
The fastest participant was able to finish almost 50% quicker than the slowest one, and 23% quicker
than the average, the maximum amount of errors committed by one participant was only two errors, with
an average of 0.14, and exactly the same values for the maximum explanation requested per participant
and the average enquiry per participant as well. This shows that most of the participants were able to

replicate the task with relative ease, as the average errors made and explanations requested are both

insignificant.
Table 4.16 Task Completion Durations through MSP Sequences (min:sec)
Sequence Average (min:sec)
06:05
05:59
05:57
05:48

The MSP four different sequences used in their respective positions are presented in Tab. (4.16) above.
The first sequence average duration is the slowest among all four sequences, as this could be expected
as the participants are facing the task for the first time, so it is logical that they will take therefore the
longest time to complete the task. The average duration of sequence one decreases as expected in the
following sequences through sequence position four, which represented a 5% improvement in the
performance. The improvement in the performance can be considered insignificant, as the MSP offers
a relatively high learning capabilities in all the positions, whether at the start or as supplementary
learning tool. To be able to understand more about the differences that might impact the performance,
experience or acceptance we compared the performances of the participants in regards to their

demographic identifier.

Table 4.17 MSP Observation Gender and Occupation Differences
Observations Average Female Male Diff F/M Professionals Students Diff P/S
TD (sec) 06:01 06:05 06:01 2% slower 05:49 06:06 5% faster
EA 0.14 0.2 0.12 67% higher 0.14 0.13 8% higher
EOR 0.68% 1% 0.6% 67% higher 0.7% 0.65% 8% higher
EFR 10.68% 15% 9.64% 56% higher 14% 9.33% 50% higher
EI 2 2 2 No diff. 1 2 50% lower
XA 0.14 0.15 0.13 15% higher 0.11 0.15 27% lower
XOR 0.68% 0.75% 0.65% 15% higher 0.55% 0.75% 27% lower
XFR 11.65% 5% 13.25% 62% lower 11% 12% 8% lower
XI 3 3 1 200% higher 1 3 67% lower
Green= Positive (higher), Yellow = Neutral (Equal), Red = Negative (Lower)
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The gender and occupation of the participants will be used as the two identifiers to compare each other
to see if there are any significant dissimilarities as shown in Tab. (4.17) above. Considering gender, the
difference between the female and male participants in the performance was insignificant, with only 2%
difference in the task completion duration. This shows that video is an appropriate tool for all genders
as there was no significant advantage for one gender on the other, which presents consistency in
communication. Females made 67% more average usage errors than males that could be attributed to
the nature of the task, as it is a mechanical task a lower error quote was expected from males as they
tend to have more experience with such mechanical tasks. Females also had a 67% error opportunity
rate and 56% higher error frequency rate, which might indicate that the females had more errors per
participant on average and also committed more errors per task completion. The error intensity for both
was identical with maximum of 2 errors per participant. Females requested 15% more explanation per
usage than males this might be due to the fact that females tend to ask more questions than males to be
able to complete the task more efficiently. Females also had 15% higher explanation request opportunity
rate than males but had a 62% lower explanation request frequency rate. This might indicate that females
took the opportunity to request more explanations than males, but they had a lower percentages of
participants that requested explanations on average. The explanation request intensity of the females
was 200% higher than males, which shows that that the maximum amount of explanations per female
participant was much higher than the males. This might be attributed to the mechanical nature of the
task and the positioning of the mechanical parts, as such females will tend to ask more than males, who

might be more versed in such assembly tasks.

Regarding the occupation, professionals were able to finish the task 5% faster than students, this
confirms that video is a great tool for not only all gender, but all ages and knowledge levels as well.
Professional and students had a similar average usage error quote, where professionals had 8% more
errors on average than students, 8% higher error opportunity rate, and a 50% higher error frequency rate.
These difference could be attributed to that the students might watch more instructional videos on
average than the professionals. While the professionals had a 50% lower error intensity than students,
which might be due to the experience and knowledge difference. Professionals requested 27% less usage
explanations on average than the students and also 27% less explanation request opportunity rate, which
might be due to short attention span of some of the students that they tend to forget the step of the task
and then have to ask for clarifications. The professionals had an 8% less explanation request frequency
rate and a 67% lower explanation request intensity. This difference might be due to the added
knowledge, experience and age, as the students tend to be younger therefore have less experience and
knowledge as well. Also the professionals might have more assembly experience, even some of them

might have industrial experience, which is very advantageous.
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4.4.2.2.  Survey Quantitative Results
The MSP ratings were the highest amongst the conventional SP forms, and rated positive in almost all
of the survey properties. This could be an indication that the participants think that video has a good use
and could be used as a good form of communication. The major challenge in creating the video was
trying to deliver the information without any audio, as it would have meant that there will be three
different versions from each video to cover the three languages as used in the survey. The average ratings

of all the MSP constructs are shown in the appendix.
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Figure 4.5 MSP Constructs Ratings

The participants rated MSP positively overall with an average rating of 0.27 and the only negative rated
construct was the RWD with -0.43 as shown in Fig. (4.5) above. The highest rated construct is [tA with
0.79, which could be interpreted from that video is already used in similar instructional guides and is
widely utilized as an effective learning tool. IX was rated 0.17 this shows that some of the participants
felt that the video is more or less immersive. The participants also rated SPE with 0.67, which could be
due to the fact that the participants found MSP to be effective. The participants also rated the SPX with
a 0.27 that shows also that the participants mostly enjoyed using MSP, however the majority found it
neutral or were impartial to using it. To be able to grasp the differences in ratings, a deeper analysis in
the ratings of the different demographics of the participants, to maybe elaborate more on the differences

in the survey ratings.

The participants rated MSP overall positively, where most of the properties were positively rated.
However, the interactivity, emotional engagement, sense of time, and sense of surroundings properties
were all negatively rated. These negative ratings might be due to the fact that a video is not immersive
if it is not a 3D video nor a video that has a strong storyline to immerse the viewer. Video also doesn’t
distort the time and doesn’t interrupt, as such the participants might have rated it lower than the other
properties. The participants rated the intuitiveness and usefulness properties especially positively, as it
is apparent that the video offers a replication of both disassembling and assembling which is intuitive to

follow and redo, and also useful tool for learning new information and it is widely used.
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Table 4.18 MSP Ratings Difference in Gender and Occupation

UXx Average Female Male Diff F/M Professionals Students Diff P/S

IX Strong (0.17) Strong (0.17) Strong (0.17) No diff. Strong (0.33) Strong (0.11) 200% higher

RWD Weak (-0.43) Weak (-0.58) Weak (-0.4) 45% lower Weak (-0.08) Weak (-0.57) 85% higher

SPE Strong (0.67) Strong (0.62) Strong (0.69) 10% lower Strong (0.87) Strong (0.6) 45% higher

SPX Strong (0.27) Strong (0.24) Strong (0.28) 15% lower Strong (0.46) Strong (0.2) 130% higher

ItA Strong (0.79) Strong (0.82) Strong (0.78) 5% higher Strong (0.86) Strong (0.76) 13% higher

Green= Positive (higher), Yellow = Neutral (Equal), Red = Negative (Lower), (UX Ratings: -2 - 2)

The participants rating can be distributed according to two main identifiers the participant’s gender and
occupation as shown in Tab. (4.18) above Taking the gender aspect into consideration, there are some
significant and some insignificant differences between the female and male participants’ ratings.
Females rated IX exactly the same as males, these similar ratings show that both genders rated the
experience with high similarity, showing that video offers a gender neutral experience that all the
participant felt impersonal or impartial after using it. Female rated RWD 42% lower than males, this
might be contributed to the fact that males felt more less disassociated with the video due to the assembly
mechanical nature of the video and task as well. Female rated ItA 5% higher than males this shows that
video is accepted by both genders equally; making it an optimal tool for gender neutral learning. Female
rated SPE 10% lower than males, which could be also due to assembly nature of the video and task as
they might have found it less effective. Females rated SPX 15% lower than the males, which might be
due to mechanical assembly nature of the video as it is more engaging to the males as such didn’t enjoy

the experience as much.

Regarding the occupation of the participants, where professionals rated IX 200% higher than students,
this might be due to the fact that the professionals are mostly educators and researchers, whom have
either used or made videos to explain and elaborate on some concept. Professionals rated RWD 85%
higher than students, as the students rating was a negative rating, while the professionals rating was
neutral. This difference in RWD rating could be due to the fact that the professional participants felt
more neutral towards the video, while the students were more critical in that aspect about the speed.
Professional rated the ItA 13% higher than students, which can be considered that the professionals are
more willing to adopt, use and recommend MSP. The professionals rated SPE 45% higher than the
students, which might be due to the fact that professionals found MSP to be an effective form to deliver
information. Professionals rated SPX 130% higher than students, this huge discrepancy could be
attributed to the fact that professionals might have more experience with producing and creating

instruction videos as such their experience was more enhanced.
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4.4.2.3.  Survey Qualitative Results

The quantitative qualitative embedded survey had justification elements, where each participant has to
justify their given rating. These justifications will give the overview on the usage of the MSP and an
explanation to the observations and rating discussed previously. The sentiment analysis was done by

giving values to comments, positive comment is +1, negative is -1, and neutral comment represents 0,

which then resulted in a sentiment average values for each property and for the whole MSP survey.

Table 4.19 MSP Survey Sentiment Top Justifications
Questions Se;l gl_]::nt Top Comments 1 Top Comments 2 Top Comments 3
) Positive Easy to understand; | The video gives a good | Seeing another Person do the
How intuitive is the prototype? )
(0.75) clear representation of the task task helps to understand
How interactive is the | Negative ) ) I just have to watch the )
No interaction ) I can only pause or rewind
prototype? (-0.35) video
. Positive I just watch the person do the
How friendly is the prototype? Easy to understand I see someone do the task ) )
(0.25) disassembly to reproduce it
How  attractive is  the | Positive . ) ) )
A little bit too long Not special but helpful Visual and easy to watch
prototype? 0.21)
. Positive Easy to understand but . Missing voiceover or subtitle
How pleasant is the prototype? Expedient
(0.25) long (tone)
. Touched as the tips came
How emotionally engaging | Negative ) ) o
. Neutral Little to no emotion through subjective process
were you with the prototype? (-0.52) ] .
experience from the video
How interesting is the | Positive Operational video | Not really interesting, too ) o )
Video as medium interesting
prototype? (0.14) mode long
Not fun but it is so easy that it
How cognitively engaging was | Positive Just copy the video, ) ) relaxes your mind you don't
Step by step instructions .
the prototype? (0.17) self-explanatory really have to think about
what you are doing
. ) . Good  presentation  and
) Positive . Clear explanations, it lets ) )
How Useful is the prototype? Simple and accurate explanation, also suitable for
(0.61) you know where to start ) )
people with hearing loss
Please rate the feeling of time | Negative The videos are quite | Video of the same length as | Videos do not distort the time,
while using the prototype (-0.43) long and repetitive the procedure more time than VR and AR
You are in the room and
. I was more focused on | you get everything because | 100% sensation of the real
How attentive were you of your | Negative ) ) )
what was going on | you do mnot have to | environment despite the
surroundings? (-0.28) o ) ) .
inside the video concentrate so much on the | acoustic and optical focus
video
How responsive were you to I can be distracted from our
) Neutral ) . . ) . )
external events, during the 0.06) Focused on the video attention and miss a piece | No distraction
prototype use? ’ of information
) ) Depending on the case but
. The instructions are ) . It's easy to understand and the
Please rate the degree of | Positive . . to  explain  something .
o simple to realize and .| most engaging, but not the
convincingness to adopt (0.49) complex step by step it is ) .
understand . most interesting. Less fun but
we
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effective. The best

explanation of the task so far

) It is nice for a short amount of
It is easy to use and to
How willing are you to re-use | Positive I will always use time. But a longer Video like
) ) ) . create and to helps you to .
this prototype? (0.53) instructional videos this would have been harder
understand the task
to sit through.

Please rate the level of . ) . . )
Positive Practically well- | Possibly, if supplemented | It is easy to understand, share
recommendation  of  the
(0.53) applicable by sound or subtitles and use

prototype

The MSP rating sentiment represents the average value of the qualitative results as shown in Tab. (4.19)
above, where the participant’s sentiment shows how the participants feel about the SP form from their
justification feedback. The average sentiment of MSP is positive as seen from the sentiment value is
0.16, as the participants commented positively on how the video was both intuitive and useful, and that
most of them were positive towards the acceptance construct as well. The participants also showed a
negative sentiment in the justifications of the emotional engagement property, this could be due to the
fact that the video didn’t have any verbal instructions and also no subtitles with the instructions. The
participants top comments are summarized in three categories, each representing the most mentioned
comments, the comments were sometimes altered as the comments were given in three different
languages, so it was all translated to English to keep all the comments uniform. The top three mentioned
rating justifications for each of the fifteen questions. The participants mentioned that they “just have to
watch and replicate the task being done in the video”, but it seemed that for some it was “long, so you
have to remember all the steps”. The MSP interaction with the participants seemed to be limited as
several of the participants mentioned that they “can only pause or rewind”, while one of the participant
justified that MSP was “not special but helpful” and even “not exciting but informative”. The also
thought that MSP was “very passive” and some faced “distraction from noises”, which suggests that
they were not immersed. The participant felt that MSP is “missing voice instructions” or “subtitles”,

otherwise they felt that it is “very useful for complex tasks” and “it is easy to share and use”.

4.4.3. Virtual Reality Service Prototype
The VRSP experiment engaged the participants in a VR environment with an interactive 3D immersive
training simulation. The training simulation consisted of an interactive instructional manual of the
disassembling and assembling processes, so that the participants can go through the steps in an
immersive manner and learn without risk. The VR simulation was built with Unity by using the CAD
drawings of the metal constructions, and by using a screwdriver rendering to increase the understanding
of the disassembly/assembly steps. The participants had the chance to explore the steps to disassemble

and assemble in VR from a 3rd person perspective, with the ability to observe the process from every
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angle. Some information concerning the dimensions, and weight are also displayed for the participants

in the VR simulations.

4.43.1.  Observations Results
The fastest participant was able to complete the task in five minutes and fifty-three seconds., while the
slowest in ten minutes and twenty-four seconds; and the average duration was six minutes and fifty-five
seconds. Most of the participant’s durations lied between six minutes and thirty seconds and seven
minutes and eight seconds, which shows that most of the participants completed the task in a thirty-eight
seconds gap showing the consistency of VRSP. There are also several participants that their durations
are almost twice that of the fastest participant, showing that there might be few challenges that some
participants faced that led to this sluggish performance, some participants mentioned cyber sickness and
others mentioned that felt some discomfort or unbalance after they used VRSP. The participants were
much happier after experiencing VRSP than any other SP form, this was apparat from their facial
expressions as well their verbal comments afterwards. 63% of the participants were visually happy while
and after completing the task by using VRSP, while 34% were neutral or disinterested after using VRSP
and only 3% were frustrated or visually affected after using VRSP. These visually affected were also

the same participants that had cybersickness issues after using VR simulation for the first time.

The usage error average per participant was 0.14, while the error opportunity rate was 0.69% and the
error frequency rate was 7.77%. This shows that they had a low percentage of the participants committed
errors, and also they committed less errors compared to the error opportunities available. The error
intensity rate of the maximum amount of errors made by one participant was three and that is 273%
more than the average errors made; this shows that the most of the participants have retained the
knowledge and were able to efficiently apply it to complete the task with less errors. The usage
explanation request average per participant was only 0.12, while the explanation request opportunity
rate was 0.58% and the explanation request frequency rate was 8.65%. This shows that the participants
requested less explanations on average and even low compared to the amount of explanation
opportunities available. The explanation request intensity was 3 as a maximum amount of explanation
requested by one participant, which is 215% more than the average that shows that most participants
understood the instruction from the VR simulation and didn’t need any further assistance. The VRSP
duration is the average of all the durations of each of the four different VRSP sequences used. VRSP
was used as the first, then second, then third, and then in the fourth position in a rotation with the other
three SP forms (ARSP, PSP, and MSP). The most relevant sequence is the first one; as it gauges the
effect of the VRSP without the learning effect of the other SP forms used before that or any latent

knowledge. As such a full analysis and comparison of the first sequences is displayed in the appendix.
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Table 4.20 Task Completion Durations Through VRSP Sequences (min:sec)

Sequence

Average (min:sec)
07:38

06:40

06:43

06:27

The overall sequences average durations are displayed in the Tab. (4.20) above. The VRSP sequences
data shows that the average duration needed in the first sequence is the slowest in all the sequences,
which is understandable as the participants have to try it for the first time so it is logical that it would
take the longest. In comparison the fourth sequence average duration was the fastest, which is also
logical as it is the last cycle where the participants have already completed the task three times by using
the other SP forms and have latent knowledge. This the latent knowledge might have well caused this
acceleration in the average durations throughout the sequences. The differences in performance in
completing the task, including the number of errors and explanation requests might have several reasons
to it. To have a better understanding of these performance differences, demographics from the entries
of the demographic survey filled by the participants before starting the task are used as identifiers. Some
performance difference might be also attributed to the weight of the mechanical construction as it was
a bit heavy for some of the participants. Another factor could be due to the participants’ mechanical
assembly knowledge and experience as some students might not have had much experience with such

processes compared to professionals.

Table 4.21 VRSP Gender, and Occupation Differences
Observations Average Female Male Diff F/M Professionals Students Diff P/S
TCD (sec) 06:55 07:10 06:50 5% slower 06:40 07:01 5% faster
EA 0.14 0.3 0.06 400% higher | 0.08 0.13 38% lower
EOR 0.69% 1.5% 0.3% 400% higher | 0.4% 0.65% 38% lower
FR 7.77% 20% 6% 233% higher 8% 9.33% 14% lower
EI 3 3 2 50% higher 1 3 67% lower
XA 0.12 0.35 0.07 400% higher | 0.15 0.13 15% higher
XOR 0.58% 1.75% 0.3% 483% higher | 0.75% 0.65% 15% higher
XF 8.65% 20% 5% 300% higher 12% 6.67% 80% higher
X1 3 3 2 50% higher 2 3 33% lower
Green= Positive (higher), Red = Negative (Lower)

As such a comparison was made to foresee if there are any performance differences between the

participants’ genders and occupation as shown in Tab. (4.21) above. Considering the gender identifier
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to compare between female and male participants’ performance where, the average duration needed to
finish the task for females was 5% slower than the males. This difference in speed might be due to that
the piece to disassemble and assemble is around 10 kilograms, which might have cause the female
participants to lose that 5% in performance. The females made 400% more errors than the male ones
did, also had a 400% higher error opportunity rate, and 233% higher error frequency rate with a 50%
higher error intensity with a maximum of 2 errors per male participant. This might be attributed to that
mechanical part is heavy and also because the 3D complex shapes of the parts are unique. As each part
individually fit only to their counterpart in one unique position and fitting, so it might have been harder
to recognize, as some females have less contact with mechanical parts. The females had on average
400% more explanation request per usage than the males, also 483% higher explanation requests
opportunity rate, with a 300% higher explanation request frequency rate and 50% higher explanation
request intensity with a maximum of 3 explanation requests per female participant. This might be due
to the fact the females wanted to know more about the construction and process to make sure of the
steps and parts positioning. The numbers of the explanation request are also mirrored in the amount of

errors that the females had, which was also much higher than the males.

By looking at the occupation as an identifier, we decided to differentiate between the professional
participant and the students one, as the knowledge and experience difference might be a factor on the
task performance. The average task completion duration for professionals was 5% faster than the
students average, which shows that experience had a slight advantage in the speed area, but still could
be considered as insignificant. The knowledge and experience effect can be seen from the average of
the errors made per usage, where the professional participants committed 38% less errors than the
students, had 38% lower error opportunity rate and 14% lower error frequency rate with a 67% lower
error intensity. This could be due to the experience advantage and also the capability of extracting
information and implementing it might be more mature in professionals than in students. The
professionals requested 15% more explanations than the students, had 15% higher explanation request
opportunity rate and 80% higher explanation request frequency rate however had an 33% lower
explanation request intensity than the students. This could be due to the fact these professionals are
mostly from an academic background and as academics “why” is an important question and even part
of the job, and asking about the process is something that most academic tend to do, and also some

student might tend to be shy to ask questions or further clarifications.

4.43.2.  Survey Quantitative Rating
VRSP was the most satisfying in regards to UX, and also the participants attitude was positive and most
of them verbally commented on how much they enjoyed it. This above average participants’ rating could

be due to the immersion factors of the VR Immersiveness, as most participants found the VR
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environment attractive, interesting, and responsive The survey is created to gauge if participants did
enjoy using the form and to know more about the usage in the form of the feedback and justification.

The survey covered several constructs and properties that are displayed in detail in the appendix.
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Figure 4.6 VRSP Constructs Ratings

The VRSP constructs average ratings are displayed in Fig. (4.6), which shows that the ItA was the
highest rated construct, this could be expected as VR has the highest level of involvement, and as such
might have been interesting for the participants. The figure above shows that (1) IX, RWD, and SPE
ratings were near the VRSP average rating of SPX, (2) ItA was rated higher than the average survey
rating with 0.96, which might suggest that the participants were more than happy to accept and adopt
this SP form and (3) RWD rating was 0.86, which could be expected as VR disassociates the user with
their environment. To be able to grasp the impacts of the immersions, a deeper analysis in the differences
of the participants’ performance and ratings in the experiment. The differences might arise from several
factors, but as we can easily find out the demographics of the participants, we choose the gender and

occupation aspects.

Table 4.22 VRSP Survey Results Gender and Occupation Differences

UX Average Female Male Diff F/M Professionals Students Diff P/S
IX Strong (0.87) Strong (0.68) Strong (0.93) 26% lower Strong (0.7) Strong (0.93) 25% lower
RWD Strong (0.86) Strong (0.68) Strong (0.91) 26% lower | V. Strong (1) Strong (0.81) 23% higher
SPE Strong (0.85) Strong (0.69) Strong (0.9) 24% lower Strong (0.74) Strong (0.9) 18% lower
SPX Strong (0.88) Strong (0.71) Strong (0.93) 24% lower Strong (0.77) Strong (0.93) 17% lower
ItA Strong (0.96) Strong (0.85) Strong (0.99) 15% lower Strong (0.7) V. Strong (1.07) 35% lower
Green= Positive (higher), Yellow = Neutral (Equal), Red = Negative (Lower), (UX Ratings: -2 - 2)

The differences in survey rating regarding the gender, and occupation is displayed in Tab. (4.22) above.
If we take the gender construct, the differences between female and male participants ratings are
significant as shown in the table above. In regards to the IX construct, females rated IX 26% lower than

males, which could be attributed to the fact that males and females differ in their sense of presence,
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sense of being and realness feeling according to Felnhofer et al. (2012). This effect could be also noticed
in the difference in the RWD average rating, where the females gave a 26% lower rating than males.
There was also a small difference in the acceptance construct rating, the females ItA rating was 15%
lower than males, this might show that the male participants tend to accept more VR as a technology,
and VRSP as a service prototyping form. In the SPE construct ratings, females rated both SPE 24%
lower than males, this could be attributed to aforementioned factors related to the immersion differences,
and effectiveness. To conclude the differences in rating between genders of the participants, females
gave SPX on average 24% lower rating than males, this might be due to the fact that males usually
conveyed a higher sense of spatial presence, a more perceived realism and a higher level of the sense of

being in the environment than females according to Felnhofer et al. (2012).

The differences in the survey rating regarding the professions varies from one construct to the other,
where professionals tend to mostly give a lower rating than the students, due to the difference in
experience and knowledge. This difference in experience and knowledge makes professionals harder to
impress and convince. Professional participants rated IX 25% lower than the students, this could be
attributed to the fact that a lot of students didn’t have any prior VR experience that might attribute to
their higher rating. In contrast to all other constructs, professionals rated the RWD 23% higher than the
students, this might be attributed to the fact that professionals tend to gauge the time distortion better
than the students. The most significant difference in ratings comes in the acceptance of the VRSP form,
as professionals rated the ItA 35% lower than the students, this could be due to the fact that the
professionals were more critical of the VR environment and their critical thinking is more advanced than
the students due to their experience and knowledge levels. The least significant difference was in the
service prototyping experience, as the professionals rated the SPE 18% lower than that of the students,
this could be due to excitement factor in using a new technology like VR as most of the students have
less experience with VR. When looking at the SPX rating, we can see that the professionals rated VRSP
17% lower than the students, this could be attributed to that the younger the participant, the more

fascination of the participant, which is reflected in the average rating.

4.4.3.3. Survey Qualitative Results

The participant’s justifications were then sorted into three categories, positive comments where valued

with a value of +1, neutral comments were valued with 0, and negative comments the value of -1.

Table 4.23 VRSP Sentiment Top Comments
Question Se;l t;r_r::nt Top Comments 1 Top Comments 2 Top Comments 3
. Positive A mix of immersive and ) o )
How intuitive is the prototype? ) ) Lacks a bit more detailed info | Easy and simple
(0.57) spatial feelings
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The steps are controllable

prototype

accordance

How interactive is the | Positive Freedom of interaction with | Easy interaction via controller .
. and repeatable, like a
prototype? (0.52) the parts in VR . .
simulation
. . New and only after the
. Positive Visually good and ) )
How friendly is the prototype? ) ) Easy to handle briefing does it become
(0.42) somewhat interactive o
intuitive
How  attractive is the | Positive . Needs more interaction and . .
Effective . ) 4 B Visually very attractive
prototype? (0.62) instruction but is promising
. Positive ) ) Clearly highlighted  what o )
How pleasant is the prototype? Visually engaging ] Original and good design
(0.58) needs to be dismantled
How emotionally engaging | Neutral ) ) . ) ) )
. Not emotionally engaging Curious and interested It was just animated
were you with the prototype? (0.06)
How interesting is the | Positive ) Other prototypes could do the ) o
Interesting new technology | Interesting as it is playful
prototype? (0.76) job as well
How cognitively engaging was | Positive It give the freedom to move | Very engaging and .
. ) Easy to understand in VR
the prototype? (0.69) and explore informative
. Positive Effective and accurate in | Useful for more complex
How Useful is the prototype? Easy to understand . .
(0.61) instructions tasks
Please rate the feeling of time | Positive
) ) No sense of time I felt cut off from the outside | The time went by so fast
while using the prototype (0.34)
How attentive were you of | Positive I was focused and | Ihadissues with the cable and )
. . . Immersed and isolated
your surroundings? (0.53) immersed physical objects
How responsive were you to . ) ) ) ) I was distracted a bit by
) Positive I was completely immersed | I did not noticed anything )
external events, during the noises from the real
(0.71) and submerged around me )
prototype use? environment
. good support, but
Please rate the degree of | Positive ) o ) )
o Depending on the task Open to new possibilities expensive in terms of
convincingness to adopt (0.48) )
equipment
How willing are you to re-use | Positive Can be very effective, I | It requires a lot of space and | Only for more complex
this prototype? (0.59) think investment activities
Please rate the level of - If the devices necessary are ) ) ) )
Positive ) ) Recommendation depending | Very well suited for "risky
recommendation  of  the available and the task in o
(0.58) on the field of application and covert" processes

The participants have had similar justifications on the questions, as such a summation of these comments

in Tab. (4.23) above to show the most mentioned comments on each of the survey questions. The VRSP

average justification value was 0.54, which constitutes a positive sentiment. The participants’ feedback

was mostly positive confirming the positive survey rating outcome, which shows that the participants

gave VRSP a positive rating and had a positive sentiment as well. Participants’ sentiment of IX was

positive with a value of 0.54, RWD was also positive with 0.53, SPE with a positive 0.53, ItA was

positive with a value of 0.55, and the SPX was also positive with a value of 0.54. The comments vary,

but mostly the comments left by the participants were positive. Participants mentioned that VRSP is

“very intuitive and self-explanatory”, some found it “user-friendly because it is simple” while others

found “not user-friendly for people who have never tried VR”. The participants also mentioned that
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VRSP is “visually very attractive”, but they said that they “had no emotions towards it” while using it
and even added that it is “very useful for projects”. The participants mostly had “no sense of time” and

were “completely isolated from reality” and they “highly recommend it, especially for complex tasks”.

4.4.4. Augmented Reality Service Prototype
ARSP form is one of the two forms, ARSP and MRSP, that the participants have the knowledge
absorption done concurrently with the disassembling and assembling tasks. The participants used an AR
App installed on a Tablet that is mounted on a fixed stick arm for ease of use, as they get the instruction
for the task from the markers fixed on the mechanical construction. The markers on each of the parts
give the participants a visualization of how to disassemble the part, and at the end of the sequence

informs them as well.

4.4.4.1. Observations Results
The ARSP observations consist of the total task completion duration, errors made, and explanation
requests. The task duration includes the knowledge absorption, disassembling, and assembling durations
of each participant, and in the case of ARSP the learning is concurrently done with the disassembling
and assembling tasks. The fastest participant finished the task in one minute and forty-one second, while
the slowest took seven minutes and thirty-eight seconds; and the average was three minutes and three
seconds. There were several participants that took much longer than the average range, this could be
contributed to the fact that some participants were playing with the AR app and marker, as it was their
first contact with AR. Some participants also faced challenges with identification of the markers, as they
were not able to position the tablet correctly, which meant they lost time trying to adjust the tablet
location and position. The participants were mostly happy while using ARSP, where 56% of the
participants were visually happy or satisfied, while 40% were visually impartial or neutral, and only 4%

were visually frustrated or unhappy.

This shows that the fastest participant was four times faster than the slowest, and 50% less than the
average. Most of the participants were able to finish the task within a one-minute range of each other,
between two minutes and twenty-six seconds and three minutes and twenty-eight seconds, which shows
consistency in the task completion durations. The fastest to complete the task was four times faster than
the slowest one, which is quite a large gap. The average errors made by each participant is 0.14, which
can be considered as insignificant. The maximum numbers of errors made by one participant were two
errors which is 1430% more than the average errors made, this shows that the AR instructions were clear
and concise that most of the participant didn’t have any errors at all. The average explanation requested

per participant was 0.31 and the maximum number of explanation requested from one participant was
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four, which is 1300% more than the average explanation requests. This shows that even for such an

innovative technology some required further explanation.

Table 4.24 Task Completion Duration through ARSP Sequences (min:sec)
Sequence Average (min:sec)
ARSP 1 03:43
ARSP 2 03:35
ARSP 3 02:41
ARSP 4 02:58

As shown in the ARSP task completion durations from Tab. (4.24) above, which shows the task
completion durations in each of the sequences. Sequence one (ARSP1) means that the participants used
ARSP as the first SP form, so there is no learning advantage or latent knowledge. This is shown as the
average duration needed in the first sequence is the slowest in all the sequences, which is understandable
as the participants performs the task for the first time, so it is reasonable that it would be the slowest.
According to the average; the participants in the third sequence were the fast while using ARSP. This
might be contributed to the fact that more professional participants in the third sequence than the fourth,
which might explain that insignificant difference. To be able to understand the differences and
discrepancies in the observation results, a comparison to compare the averages between the demographic
indicators to determinate if there were any significant differences. The genders, and professions of the
participants could be easily identified as they were asked to provide them in the demographic survey,
which allows us to use these data for this comparison. These difference could be due to several reasons,
like the weight, dimension, and positioning of the mechanical construction and it parts. The participants
were impressed with ARSP and its simplicity to complete the task simultaneously as they absorbed the

knowledge, which also shows in their attitude during completing the task.

Table 4.25 ARSP Observation Gender, and Occupation Differences

Observations Average Female Male Diff F/M Professionals | Students | Diff P/S
TCD (min:sec) 03:03 03:09 03:02 4% slower 02:58 03:06 4% faster
EA 0.14 0.2 0.12 67% higher 0.07 0.16 56% lower
EOR 0.68% 1% 0.6% 67% higher 0.35% 0.8% 56% lower
EF 10.68% 20% 8.43% 137% higher 7.14% 12% 40% lower
EI 2 1 2 50% lower 1 2 50% lower
XA 0.31 0.35 0.3 17% higher 0.18 0.36 50% lower
XOR 1.55% 1.75% 1.5% 17% higher 0.9% 1.8% 50% lower
XF 18.45% 15% 19.28% 22% lower 14.29% 20% 29% lower
XI 4 4 4 No diff. 2 4 50% lower

Green= Positive (higher), Yellow = Neutral (Equal), Red = Negative (Lower)
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Accordingly, a comparison between gender and occupation of the participants is represented in Tab.
(4.25) above. Starting with the gender identifier, the performance difference between female and male
participants in the experiment were insignificant in regarding to the duration as females were only 4%
slower than males, which could be contributed to the weight of the metal construction’s parts. The errors
made during the task have a significant difference, as females made 67% more usage errors on average
than males, 67% higher error opportunity rate, 137% higher error frequency rate but a 50% lower error
intensity. This might be due to positioning of the parts which only fit in one position, which might have
been more challenging for the females that didn’t perform mechanical tasks before. The average of the
usage requested explanations by the females was 17% higher than males, the explanation request
opportunity rate was also 17% higher, while the explant nation requests frequency rate was 22% lower
than the males. These differences might be due to the fact that females needed to ask more questions to
inquire about the fit, order or positioning of the mechanical parts. There was no difference in the

explanation request intensity between females and males.

Considering the occupations of the participants, which could be categorized by two categories
professionals and students. The task completion duration of professionals was only faster by 4% than
that of the students, which is not a significant difference. That shows that the AR instructions were clear
that the students were able to keep up with the professionals to some degree. In contrast to duration,
there is a significant difference in the errors, as the professionals made 56% less usage errors on average;
had 56% lower error opportunity, and 40% lower error frequency rate compared to the students. The
professionals also had 50% lower error intensity than the students. This might be attributed to the fact
that professionals have more experience in such task as such they committed less errors. The requested
usage explanations by professionals on average was 50% lower, and the explanation requests
opportunity rate as well. While the explanation requests frequency rate was 29% lower than the students,
and they had 50% less explanation requests intensity than the students. This might be due to the fact that
most of the students don’t have that much experience with mechanical assembly, and especially by using
AR instructional manual. In this case the higher the errors the higher the explanation requests as seen

from the case of the students.

4.44.2. Survey Quantitative Results
The survey is created to see if participants did enjoy using the form and to know more about the usage
in the form of the feedback and justification. The survey covered several constructs and properties that

are displayed in the appendix.
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Figure 4.7 ARSP Constructs Ratings

The ratings of each of the aforementioned constructs shown alongside each other in Fig. (4.7), where
we can see that the highest rated construct is the ItA with a 1.17 rating, which is considerably higher
than the other constructs. This might be contributed to the acceptance of the main stream to AR, and the
emergence of games like Pokémon Go that made using AR cool and fun as well. AR instructional guides
are also used widely in the industry and some participants might have seen it before and had a positive
bias towards it as its seems like the most logical solution. The service prototyping experience average
rating is 13% less rated than the average, which is not a significant difference however it could be due
to the differences in gender or occupation of the participants. To have a better understanding of the
participant’s ratings; a comparison was devised to compare the ratings given from the different genders,

and occupations.

Table 4.26 ARSP Survey Rating Differences in Gender and Occupation

UXx Average Female Male Diff F/M Professionals Students Diff P/S.
IX Strong (0.91) Strong (0.66) Strong (0.98) 33% lower Strong (0.88) Strong (0.96) 8% lower
RWD Weak (-0.17) Weak (-0.1) Weak (-0.18) 45% higher Weak (-0.01) Weak (-0.22) 95% higher
SPE V Strong (1.06) Strong (0.88) V Strong (1.1) 20% lower V Strong (1.03) | V Strong (1.08) | 5% lower
SPX Strong (0.78) Strong (0.65) Strong (0.81) 20% lower Strong (0.75) Strong (0.79) 5% lower
ItA V Strong (1.17) V Strong (1.15) | V Strong (1.18) | 3% lower V Strong (1.13) | V Strong (1.19) | 5% lower
Green= Positive (higher), , Red = Negative (Lower), (UX Ratings: -2 = 2)

The ratings comparison analysis is conducted in two different categorizations, genders and occupations
are compared as displayed in the Tab. (4.26) above. Considering the difference in the gender where it
showed that females rated 1X 33% lower than males, which could be considered as significant. These
differences could be due to the mechanical assembly nature of the task as some males might have been
more impressed with the AR immersive visualization than the females. The mechanical nature of the
instructional step by step AR guide might have then intrigued more males than females. RWD had the

largest discrepancy with females rating it 45% higher than males, which might be contributed to the fact
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that the AR visualization were on a tablet and the participants had awareness of all their surroundings.
RWD negative average ratings from both genders can still be considered as neutral due to the fact that
the rating is near to 0 rating which is the neutral rating. ItA was a rated highly from both females and
males, and the difference was only 3% which can be considered insignificant. This overall ItA high
rating could be attributed to the effectiveness of AR, and its visualization great functionality, which
makes it easy to use and understand. Females rated SPE 20% lower than the males. This difference in
SPE rating could be contributed to the fact that in any mechanical or guidance task, more males than
females tent to have a better experience as conventionally more males enjoy such mechanical tasks.
Females rated SPX 20% lower than males, which could be due to the nature of the AR visualization and
the nature of the task itself as the mechanical parts are heavy we tend to see lower rating from females

than from males.

In regards to the occupation, it was decided to make the distinction between the professional and the
student participants, as such gauging what the experience and knowledge level difference will reflect in
their ratings. The professionals rated IX 8% lower than the students, this might be due to the fact that
students might have been easily fascinated with such technologies as they might not have seen, but
professionals would be more skeptical and critical for their first time usage. Professionals rated the RWD
95% higher than the students, which might due to the fact the AR was done a tablet, and for many
professionals getting immersed in such devices might happen fast than students whom had their whole
lives with such screens and distractions. Both ItA and SPE were rated 5% lower by professionals
compared to students, which could be considered as an insignificant. Professionals also rated on SPX
5% lower than the students, which is could be also considered as an insignificant difference. These
insignificant differences show that there is a positive consensus on ARSP as both professionals and

students highly rated the acceptance properties even had a similar overall rating.

4.4.43. Survey Qualitative Results
These justifications will give the overview on the usage of the ARSP and an explanation to the ratings
discussed previously. The sentiment is calculated by giving a value to the participant’s justifications

with +1 for positive comments, 0 for neutral comments and -1 for negative comments.

Table 4.27 ARSP Survey Sentiment Top Justifications
Question S(flllt_l)n_]‘_ell)‘t Top Comment 1 Top Comment 2 Top Comment 3
» . The instructions only Show | Not absolutely intuitive because
) Positive Fairly clear but method ) o o
How intuitive is the prototype? . . when you finished the | the direction of rotation is not
(0.79) of explaining unique
previous task explicitly displayed
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) - Most important . ) The prototype reacts to the work
How interactive is the | Positive You can view things from a ) ) ) )
movements are ) steps carried out in reality with
prototype? (0.54) ) ) ) different angle.
displayed interactively the next step.
. . . No problems as long as the
. Positive Fun to superimpose reality .
How friendly is the prototype? Easy to understand ) ) markers are recognized
(0.7) and virtuality
correctly
. . It's easy to see how )
How  attractive is  the | Positive ) Less attractive but
things should be for the . . Easy and fun to use
prototype? (0.79) ) functional and direct
pieces
) Positive New so nice but a little | Could use with more | Very appealing, because it is
How pleasant is the prototype? . . . . .
(0.62) gadget like functions and detail directly connected to reality
Great  animation  and
How emotionally engaging | Negative Does not trigger any | interesting presentation of | It was not a particularly
were you with the prototype? (-0.14) emotions the tasks to be done but | emotionally engaging task
nothing more
. - It’s learning in real . . . Since I have already developed
How interesting is the | Positive . L » Visually interesting, many
time, which is positive ) . examples of such, the prototype
prototype? (0.72) ) possible usage scenarios )
and pro-active for users is normal for me
I felt like a natural thing
- to do to look at how the o
How cognitively engaging was | Positive ) No need to memorize, just )
pieces should be by ) ) Immediately understood
the prototype? (0.66) ) follow the instructions
looking through the
device
- Simplifies everything - o . o
) Positive No possibility for incorrect | Self-explaining because  of
How Useful is the prototype? no unnecessary . . o
(0.77) o operation sequencing and animations
"thinking"
) . Relatively fast, because . )
Please rate the feeling of time | Positive I was not focus on . I didn't have to learn prior to
) ) ) things have been well . .
while using the prototype (0.15) anything else doing the task so it went fast
presented
. Due to the simplicity of the
How attentive were you of your | Negative Only focused on the )
) process, I was relatively | Senses were free
surroundings? (-0.33) piece )
aware of the environment
How responsive were you to The focus was in the task thus
. Neutral I was concentrated and | Concentrated  on  the .
external events, during the . could not influence any external
(0.08) focused on the task representation on the screen
prototype use? factor
Meaningful ~ because  self-
Please rate the degree of | Positive I think you could use | Effective but not to learn | explanatory, saving  time
convincingness to adopt (0.66) this everywhere as well | but to work through several process steps at
once
A better remedy than With my smartphone to
How willing are you to re-use | Positive written instructions or | I would do that again and | complete the assembly of a
this prototype? (0.72) an extra YouTube | again piece of furniture, it would be
video really practical
No real Need for
Please rate the level of - . ) o
Positive previous time  for ) . That would make my girlfriend
recommendation  of  the . . Simple and effective to use
(0.7) learning? Just bring the even understand

prototype

device with you.
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The participants survey qualitative results for ARSP show a positive sentiment, as the average sentiment
value was 0.5, and also almost all the properties ratings justifications were positive except two properties
as shown in Tab. (4.27) above. The emotional engagement rating sentiment was negative, confirming
also the negative rating from the participants as AR lacked an emotional connection with the participant.
Awareness to the surroundings rating sentiment was also negative, which shows that the participants
felt that they were distracted from completing the task. The intuitiveness and attractiveness ratings
sentiment both were positive showing that the participant enjoyed the intuitive of the AR instructions,
and were also attracted to the visualizations. To be able to identify the reasons of these positive sentiment
in most property ratings, and the negative sentiment in only two of them a table with the most mentioned
justification comment was constructed with the survey question as well. The participants’ comments
were mostly positive and showed the excitement toward AR as a technology, and ARSP as a service
prototyping form. The participants mentioned several times how it is “visually intuitive” and that it is
“easy to understand”, some also mentioned that it “helps a beginner solve the task”, and even calling it
a “good solution in the future if it is more improved”. The participants also mentioned that ARSP “has

a lot of potential” and that “if it works properly” they “would recommend this prototype to anyone”.

4.4.5. Mixed Reality Service Prototype
MRSP was conducted after the experiment, with VRSP, ARSP, PSP and MSP, as the Hololens device
was not available for use at the same time with the VR device and the AR tablets. The issue also was
that it would have extended the time of the experiment by about twenty minutes, which would have
made it hard to get volunteers for participating in the experiment as the total duration of the experiment
will be an hour and half for each participant. The MRSP experiment starts by giving the participants the
MR Hololens devices with the holographic instructional manual. The participants’ performance is
measured from observing their task completion duration, errors committed and explanations requested.
Then they fill in the questionnaire on the use of the prototype in regards to the experience and intention

to accept and adopt.

4.4.5.1. Demographics
The experiments were solely conducted at the Furtwangen University in Germany, where most of the
participants were either IT and engineering bachelor and master students. The participants were from
diverse backgrounds as half of the participants were from outside of Germany, and the rest were German
students. We were able to acquire these volunteer students from the two courses that I teach at the
Furtwangen University, smart service innovation and immersive technologies experimentation, it is
challenging to acquire a large number of volunteers at the Furtwangen University, due to the stringent
German privacy laws and the lack of motivation from students as the work load is high all around the

semester. The majority of the participants were males, with 63%, and the rest 37% were females. This
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might be attributed to the fact that the experiment was conducted in the industrial service lab, as the
majority of the students are males. As all the participants were students at the facility of engineering and
computer science, with an age average of twenty-five years old, so we decided to differentiate between
the under and over that average age. Most of the participants were under twenty-five years old with 70%
of the participants under 25 and 30% of the participants over the age of twenty-five. This shows that
most of the participants are of a young age and are well versed in using technological advanced

equipment as well as more open to new and innovative technologies.

4.4.5.2.  Observation Results
The most obvious observation noticed was that there is an absence of errors and explanation requests
which is remarkable, as this shows the high effectiveness of the MRSP as method of communication.
The durations are also showing promising signs as the durations are much shorter compared to the other
SP forms. This could be due to the fact that most of the students had in some way contact with immersive
technologies in their studies, and that all the participants were relatively young so they are more
adaptable in using new technologies. The task duration consists of the duration of the knowledge
absorption, disassembling, assembling processes. As the knowledge absorption process was done
concurrently with the task, the total duration is the combined durations of the disassembling and
assembling tasks. The participants get a step by step holographic instruction on the assembly process of
the three-part construction. The participants can then proceed with the disassembling and reassembling
as they have their hand-free as they get the instructions to complete the task. The participants managed
to finish the task on average in only two minute and fifty-three seconds making it the fastest and most
efficient SP form in all the experiments conducted. The task completion duration represents the time
needed to learn, disassemble and then assemble back again, as the learning is done concurrently to the

other two task; the duration needed is much shorter.

The fastest participant to finish the task was two minutes and one second, while the slowest was three
minutes and fifty-one seconds; and the average was two minutes and fifty-three seconds. Most of the
participants finished the tasks between the two minutes thirty-four seconds and three minutes eleven
seconds, with a box plot mean of two minutes fifty-two seconds which is almost identical to the
calculated average. The longest time taken to finish the task by using MRSP was three minutes and fifty-
one seconds, while the shortest was two minutes and one second, and average was two minutes and
fifty-three seconds. The fastest participant completed the task 30% quicker than the average duration
time, which is also 50% quicker than the slowest. This shows that even for a relatively interactive SP
form as MRSP there is a big discrepancy in the durations of the participants, which might be attributed
to that the participants were mostly students; as for some of them it was the first time to use a MR device.

The attitude of most of the students was positive, as they were really impressed with the Hololens and
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the graphical holograms. 87% of the participants were visually happy while and after using the MRSP,
while 10% were neutral and 3% were frustrated or feeling unease. Few participants felt unease as they
were affected by cybersickness, which was verbally discussed with them after they finished completing
the task. The differences in task completion durations between the participant could be attributed to
several factors, as first time use, or fascination or some differences in their demographics or
backgrounds, as such a short analysis was done to foresee if there are difference between identifiers

within the demographics of the participants.

Table 4.28 MRSP Observations Results Gender Differences
Observations Average Female Male Diff F/M
TCD (min:sec) 02:53 03:05 02:46 11% slower
EA,EOR,EF,EI | 0 0 0 No diff
XA, XOR, XF, XI | 9 0 0 No diff
Green= Positive (higher), Yellow = Neutral (Equal), Red = Negative (Lower)

The gender of the participants can be used as an identifier as each participant declared their gender at
the start of the experiment, so the performance of the female and male participants can be compared to
check for dissimilarities. The main difference between MRSP and the other SP forms that the
participants didn’t have any explanation requested and didn’t commit any errors. The differences in
participants’ performance is shown in Tab. (4.28), the female participants were able to complete the task
in three minutes and five seconds on average, while males completed the task in two minutes and forty-
six seconds, which is only a 12% decrease in the performance. This difference is insignificant as it could
be attributed to the fact that the part is heavy, almost ten kilograms, and females might have had some
challenges in completing the mechanical part. There were not errors made during the thirty experiments
conducted in this extension experiment, also there were no explanation requests inquired. The process
was straight forward and most of the participant felt at ease while using the Hololens, as more than half
have already used the Hololens in some capacity. This shows the added advantage for using such

technologies in guiding and instructing, as it showed a high efficiency and accuracy as well.

4.4.5.3.  Survey Quantitative Results
The Hololens MRSP experiment was planned to be conducted concurrently with the other forms, but
due to unseen circumstances it was done later on with different participants that the ones that did the SP
experiment. It was then decided to use the same survey to see what the participants feel and think about
this SP form and to be able to compare to the other SP forms. MRSP Experiment sessions were
conducted in an academic setting with students, mostly under the age of twenty-five years. The MRSP

allows the participants to learn and perform the task concurrently, which is a more efficient way of
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completing the task as seen from the results of the SP experiment, where ARSP was the most efficient
SP form in regards to the task completion duration. The participants rated MRSP positively, in fact the
rating is much higher than that of the other SP forms and much higher if compared to only the first
sequences of the other SP forms but this is discussed later on in the chapter. The MRSP survey ratings
and their corresponding properties and constructs, according to the survey instrument, are shown in
appendix. Participants rated MRSP positively overall, with an excellent rating in almost all the
constructs. Participants rated the cognitive engagement with the highest rating of 1.6, which is the
highest rating, that stems from the holographic overlaying of information that happens directly on the
glasses, and the eyes are then total engaged with these visualizations. The participants also rated the
acceptance construct especially high, with all its building properties rated way above the average survey
rating, which shows that the almost all of the participant are willing to adopt MRSP, re-use it and even

recommend it to others.
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Figure 4.8 MRSP Constructs Ratings

The participants rated almost all MRSP constructs positively as shown in Fig. (4.8), however RWD was
rated negatively, but it is more near to the neutral rating that means that could mean that there was no
significant dissociation from the real world. [tA was the highest rated construct, which shows
participants consensus on the recognition of MRSP as a viable prototyping solution for similar service
processes. SPX was rated lower than the average, that might be attributed to the fact that some of the
participants were using the Hololens for the first time or some that might have had some challenges in
using the air tap or due to cyber-sickness while using the Hololens. The immersion ability of the
Hololens is shown in the IX rating, which reflects the cognitive stimulating effects of MR on the
participants. To see if there are any significant difference in the demographics of the participants, and
as there were only three professional volunteers in the MRSP experiment, their number is insignificant
in comparison to the twenty-seven other student participants as such only the gender aspect will be

investigated.
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Table 4.29 MRSP Survey Quantitative Results Gender Differences

Ux Survey Female Male Diff Female/Male
IX V. Strong (1.11) V. Strong (1.09) V. Strong (1.13) 4% higher

RWD Weak (-0.2) Moderate (0.09) Weak (-0.37) 125% higher

SPE V. Strong (1.32) V. Strong (1.42) V. Strong (1.26) 13% higher

SPX Strong (0.97) V. Strong (1.01) Strong (0.94) 8% higher

ItA V. Strong (1.48) V. Strong (1.36) V. Strong (1.54) 12% lower
Green= Positive (higher), Yellow = Neutral (Equal), Red = Negative (Lower), (UX Rating: -2->+2)

The differences in the quantitative results of the female and male participants in MRSP experiment are
shown in Tab. (4.29) above, where there were some significant differences between the genders’ ratings.
Female rated IX 4% higher than males, this difference could be considered insignificant. This shows
that there were no variances in the MRSP immersiveness between the participants whether females or
males. Females rated RWD 125% higher than males, this shows that they felt more dissociated by the
holograms from sense of time and awareness, while males were most likely more distracted by the
information overlaid on their visors. This could be attributed to the nature of the male where multitasking
is challenging and they had to focus on the holograms and tended to have a distorted sense of time, and
were less aware of their surroundings. Females rated ItA 12% lower than males, this could be due to
weight factor of the Hololens, as it might make it challenging for some females to wear regularly due to
the weight and the dimension of the device. Females rated SPE 13% higher than males, this might be
due to the fact that females found the instructional guidance sequencing and the holograms used for this
process more effective than the males did. Females rated SPX 8% higher than males, which could be
due to that females enjoyed the experience more and had a higher dissociation than males. It seemed as
the females enjoyed the semi immersion more than males did, which showed in the ratings. SPX
represents how much did the participant enjoy the use of the prototype. MRSP performance and survey
ratings are a great way to see the impacts of using immersion, but a vital point in understanding these

impact are the participant’s rating justifications.

4.4.5.4. Survey Qualitative Results
The participants were excited after using the MR Hololens device, as for some it was the first time to
use such an immersive device, for the most they have had some sort of contact with immersive
technologies within their studies. The participants rating justifications can be regarded as their
sentiment, and as such a sentiment analysis was done on their feedback, by giving values to comments
where a positive comment equates +1, a neutral comment equates 0, and a negative comment was valued

at -1.
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Table 4.30

MRSP Survey Sentiment Top Justification

Question Sle B)t_l:;lent Top Comments 1 Top Comments 2 Top Comments 3
Showed the actions step by | Once you understand when | It's pretty easy to understand
How intuitive is the | Positive o ) ) )
step by tapping, immediately | and how to get to the next | how to use it. And also with
prototype? 0.52)
reacted to the "taps" step, it's intuitive the instruction of that.
) ) ) . Sometimes there is a very
) Every step is animated in | When I tapped to continue, o
How interactive is the | Positive small delay in time when I tap
detail, so you immediately | the system answered back
prototype? (0.25) it. And it moves out of the
understand what to do correctly. .
structure quickly.
very user-friendly because it
How friendly is the | Positive is understandable and you get | Itis so close to reality, and the ) .
Gesture control imprecise
prototype? 0.52) well guided through the | colors also help a lot
assembly
) ) It's  vivid and  easy-
Very simple, which I )
understanding. When people
How attractive is the | Positive personally like a lot. All Could be lighter and smaller,
. ) ) .| see long sentences and words )
prototype? 0.59) important  information is ) ) ) ) otherwise very good
of instructions it's time-
available.
consuming.
As T am using MR technology
futuristic, at the same time
How pleasant is the | Positive for the first time it seemed | Simple, nice and simple )
o o ) very practical, because a lot of
prototype? (0.42) very realistic and exciting to | design, understandable
useful things can be realized.
me.
How emotionally ) )
. Positive I don't feel any emotions | MR can help and make | It would be better with sound
engaging were you
) (0.25) towards the prototype. people's life more convenient! | effects.
with the prototype?
Never really used anything
) . ) ) it makes the task fun but I | New way of knowledge
How interesting is the | Positive like this for operation and ) ) ) )
think that it can be done | transfer for me using mixed
prototype? 0.8) instructions, so it arouses my
. without it reality.
interest.
How cognitively Working steps were clear and Yes, but it took me a while to
Positive . . I can see and understand the .
engaging was the straightforward. They did not understand how to use it in the
0.57) process.
prototype? lead to misinterpretations. beginning.
In this example, the task
would have been easy even | It overcomes the | It will help new employees to
How Useful is the | Positive . ) ) ) .
without a prototype. In more | disadvantages of boring | learn specific tasks in a short
prototype? (0.74)
complex examples, it is | instructions. Very useful! time.
certainly very useful.
Due to the focus and the | Because it's my first
Please rate the feeling
Positive I didn't really feel any | environment, itseems asifthe | experience, time passed really
of time while using the ) ) ) .
0.1) distortion. time passes a little more | fast. Felt myself as Tony
prototype
slowly Stark :)
Concentrated on the
How attentive were Mainly real, since the virtual
Positive ) . ) You still perceive the real | prototype, it's so appealing so
you of your environment is only displayed 4 )
0.15) ) . environment very well you get unconscious of the
surroundings? in a certain area.

outside world!
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) I wasn't distracted from using
How responsive were I was able to respond to
can't really hear the external the prototype at all. I was able
you to external factors, | Positive questions and answer them,
) sound. Feeling inside the ) ) to  perceive the real
during the prototype | (0.67) but I didn't pay attention to
world. environment around me as if I
use? anything else
would without MR glasses.
The benefits are clearly | very convincing, lots of
Please rate the degree ) ) o ] Helps especially if you have
o Positive recognizable. Especially | practical, interesting and cost- ) )
of convincingness to no idea how to do something.
0.75) when wused with more | saving opportunities for the
adopt For me this is the future
complex products. future
Was definitely fun. I see no | For certain complex | if I have to do this task again
How willing are you to | Positive o ) o
) reason not to use the | applications I am convinced | I prefer to do it with the
re-use this prototype? (0.53)
prototype again. and ready to use it again. glasses, it is more fun
Simple tasks are also possible | There is potential, further
Please rate the level of . S ) ) )
Positive It is more intuitive, funnier | without AR but the more | research and technical
recommendation of the
(0.63) and faster than the other tools. | complex or less know-how, | improvement are possible.
rototype
P P the better is AR support Highly recommended!

The participants’ justifications’ average sentiment, as shown in Tab. (4.30) above, was positive with an
average value of 0.5, all the properties were found to have a positive sentiment were the interestingness,
usefulness, adoption degree, and cognitive engagement properties with a high positive sentiment, and
the sense of time and awareness had neutral sentiment. The participants’ accepted fully MRSP as the
sentiment was especially positive in the acceptance construct properties. The top comments of the
participants are noted below as well but as the number of the participants were only thirty, and the survey
was done on paper, as the participant had to write down their justification many of the participants didn’t
leave any comments, or some left comments referring to previous written ones. The participant was able
to use the MR although many of them never used an immersive technology before, one participant even
said “it's my first experience, time passed really fast. Felt myself as Tony Stark”, and another participant
added “I am using MR technology for the first time it seemed realistic and exciting to me”. The
participants mentioned that MRSP “showed the actions step by step by tapping” while “sometimes there
is a very small delay in time when tapped”. The participants also add that “every step is animated in
detail, so you immediately understand what to do” and while “it is so close to reality”, however there is
the imprecision issue of “gesture control”. The participants also mention that MRSP “overcomes the
disadvantages of boring instructions” and that “it will help new employees to learn specific tasks in a
short time”. The participants confirm their high acceptance to MRSP by adding that “for certain complex
applications I am convinced and ready to use it again” and that “it is more intuitive, funnier and faster

than the other tools” think about.

4.5.  Overall Analysis

The experiments were conducted successfully in an academic setting, with more than 100 participants.

The research model was statistically validated and the hypothesis were all supported. There were
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differences in the experiments results between the two countries (France and Germany) where the
experiments took place. The three locations that the experiment took place had three different main
educational and research areas, from immersive technologies oriented (Laval), mechanical engineering
(Angers), service management and IT (Furtwangen). For example, in France, (1) PSP from UX point of
view is the least satisfying form, and had most explanation requests, (2) MSP appears to be effective as
it had 0 explanation requests, and appeared to have a neutral experience, (3) VRSP has the second
highest UX satisfaction, and was the second fastest, it had the least errors calculations, and (4) ARSP
had the highest UX satisfaction and the fastest in regards to performance. While in Germany, (1) PSP
had the slowest task completion average duration and the most negative participants UX rating, (2) MSP
had the second fastest task completion average duration and the least amount of incurred errors on
average, (3) VRSP has the highest UX satisfaction rating, was also the most impressive for most of the
participants, and (4) ARSP incurred the most errors and explanation requests, and it took longer than

expected as participants played with capturing the markers (from observations)

Table 4.31 SP Forms Observations Comparison
Observations BSL PSP MSP VRSP ARSP MRSP
Task Completion Duration (min:sec) 11:09 07:15 06:01 06:55 03:03 02:53
Average Usage Error per participant 43 0.08 0.14 0.14 0.14 0
Error Opportunity Rate 21.50% 0.39% 0.68% 0.69% 0.68% 0
Error Frequency Rate 90% 5.83% 10.68% | 7.77% 10.68% 0
Error Intensity 11 2 2 3 2 0
Average Usage Explanation Requests 433 0.11 0.14 0.12 0.31 0
Explanation Requests Opportunity Rate 21.67% 0.53% 0.68% 0.58% 1.55% 0
Explanation Requests Frequency Rate 93.33% 9.90% 11.65% | 8.65% 18.45% 0
Explanation Requests Intensity 9 2 3 3 4 0
Happy Participants’ Attitude 2% 10% 12% 63% 40% 83%
Neutral Participants’ Attitude 25% 86% 82% 34% 56% 10%
Frustrated Participants’ Attitude 73% 4% 6% 3% 4% 7%

Green= Positive (higher), Yellow = Neutral (Equal), Red = Negative (Lower)

The summary of the participant’s performance is represented in the observations captured during the
experiment, as shown in Tab. (4.31) above. The fastest participant to complete the task was using the
MRSP, which represents the most efficient way to complete the task, as it was much faster than other
SP forms, and much less errors and explanation requests. The participants tended to make less errors
surprisingly while using PSP, which might suggest that the participants were able to decode the
instructions from the paper instruction leaflet effectively cause on average less errors. The participants
also requested less explanation requests while using PSP, this shows that the paper instruction is widely
used that most of the participants didn’t need further clarification on the task as they are used to extract

information from paper more than any other medium immersed or otherwise.
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Table 4.32

SP Forms Quantitative Results Comparison

UXx PSP MSP VRSP ARSP MRSP
Immersiveness Weak (-0.75) Strong (0.17) Strong (0.87) Strong (0.91) V. Strong (1.11)
Real World Dissociation Weak (-0.59) Weak (-0.43) Strong (0.86) Weak (-0.17) Weak (-0.2)
Service Prototype Effectiveness Weak (-0.22) Strong (0.67) Strong (0.85) V. Strong (1.06) V. Strong (1.32)
Service Prototype eXperience Weak (-0.48) Strong (0.27) Strong (0.88) Strong (0.78) Strong (0.97)
Intention to Accept and Adopt Weak (-0.1) Strong (0.79) Strong (0.96) V. Strong (1.17) V. Strong (1.48)
Green= Positive (higher), Yellow = Neutral (Equal), Red = Negative (Lower), (UX Rating: -2>+2)

The survey quantitative results show us what the participant thought about each SP form, based on five
constructs as shown in Tab. (4.32) above. The participants rated IX construct highest in ARSP and then
in VRSP, which was not as excepted as they are both use immersive technologies and as such will have
a higher immersiveness than the two conventional SP forms. The participants rated ARSP as the most
neutral SP form in regard to the RWD construct as it offers an overlaying of the information on the real
environment in real time, so the sense of time will be the most neutral or like “real time” and not highly
distorted as VRSP which has a high sense of time distortion factor. The participants rated ARSP the
highest in regards to the intention to accept and adopt, which shows that the participants are most likely
to accept and adopt ARSP as their favored form of service prototyping. The participants also rated ARSP
the highest with regards to the effectiveness, as this might be due to the guiding nature (doing it while
experiencing it) of the ARSP compared to the other SP forms. The participants rated VRSP experience
as the highest in comparison to all the other forms, which might suggest that they found it to be the most

interactive and immersive SP form with the superior experience.

Table 4.33 SP Experiment Qualitative Results Comparison
Sentiment PSP MSP VRSP ARSP MRSP
Immersiveness Negative (-0.49) Neutral (0.07) Positive (0.54) Positive (0.56) Positive (0.50)
Real World Dissociation Negative (-0.33) Negative (-0.22) Positive (0.53) Neutral (-0.03) Positive (0.31)
Service Prototype Effectiveness Negative (-0.26) Positive (0.37) Positive (0.54) Positive (0.70) Positive (0.56)
Service Prototype eXperience Negative (-0.36) Positive (0.16) Positive (0.54) Positive (0.5) Positive (0.5)
Intention to Accept and Adopt Negative (-0.21) Positive (0.52) Positive (0.55) Positive (0.69) Positive (0.64)
Green= Positive (higher), Yellow = Neutral (Equal), Red = Negative (Lower), (Sentiment Value: -1 +1)

The participants gave a justification for each of the survey questions, as such these justification was
analyzed by using sentiment analysis as represented in Tab. (4.33) above. The participant’s justification
concerning the immersiveness construct were positive for the ARSP, VRSP and MSP, while negative
for PSP, which shows that ARSP had the most positive comments concerning immersion properties.

The participants’ justifications for the real world dissociation construct were positive for only VRSP,
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and negative for PSP and MSP, while ARSP had a neutral value, which shows that the participants felt
positively in the immersive VR environment. The participants also justified the intention to accept
construct positively in the VRSP, ARSP, and MSP, while PSP rating qualitative results were negative,
showing that the participants didn’t accept PSP or at least were negatively biased towards. The
participants positively justified the rating of the SP effectiveness in the case of ARSP, VRSP and MSP,
while ARSP was highly regarded in the comments in regards to the effectiveness. The participants’
sentiment of the SPX was positive in VRSP, ARSP and MSP, however negative in PSP. The sentiment
of the participants shows that the they enjoyed the VRSP experience most. This analysis is not sufficient
enough to gauge the impacts of immersive technologies, as the metrics of the second, third and fourth
sequences are affected due to the effect of learning, as each participant will most probably get better
after each task completion. For this reason, another analysis where only the first sequences from these
SP forms are compared, and also they will have to compared to the performance of the participants when
they didn’t use any SP form, and also when they used the MRSP as well. To be able to complete this
analysis, an analysis of MRSP has to be concluded first, then an inclusive analysis is conducted to

determine these impacts, if any.

An analysis to compare the first use of each SP form is needed, as the first experience of each participant
is one of the most important indicators to gauge the performance and experience of each the forms. The
analysis was done on the metric observations and survey ratings of each SP in the first sequence,
comparing the observation metrics of baseline experiment, with all the SP forms used and also the survey
quantitative results in the first sequence. The performance and experience differences between each SP
form can be measured by comparing their first time use. The comparison is in regards to the performance
observations from the first sequence of each SP and that of the baseline experiment as it would give a
better idea about the differences in efficiency, effectiveness, and comprehension levels. The results
enabled us to compare the performance of the SP forms based on the gender and occupation of the
participants participating in the SP experiment. The results show that there are differences for some SP
forms between the different genders and occupations, however other SP forms show a more neutral
effect. To show these difference as shown in the table below, as the comparison of the observed
performance, and given rating results according to each identifier and SP forms are shown. The color
coding is the same as the findings, the green indicates positive, red means negative and orange is neutral.
Each of the experimented SP forms are compared against each other in regards to the genders and

occupations.
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Table 4.34 SP Forms Comparison of the Participants Performance in regards to Gender

Obs BSL BSL PSP PSP MSP MSP VRSP VRSP ARSP ARSP MRSP | MRSP
" | F M F M F M F M F M F M

TCcp | 11:21 11:04 07:20 07:15 06:05 06:01 07:10 06:50 03:09 03:02 03:05 02:46

EA 3.63 4.55 0.1 0.07 0.2 0.12 0.3 0.06 0.2 0.12 0 0

ﬁo 18% 23% 0.5% 0.35% 1% 0.6% 1.5% 0.3% 1% 0.6% 0 0

EFR | 87% 91% 5% 5% 15% 10% 20% 6% 20% 8% 0 0

EI 10 11 2 2 2 2 3 2 1 2 0 0

XA 4.63 423 0.2 0.08 0.15 0.13 0.35 0.07 0.35 0.3 0 0

)lio 23% 21% 1% 0.4% 0.75% | 0.65% 1.75% 0.3% 1.75% 1.5% 0 0

XFR | 87% 95% 15% 8% 5% 13% 20% 5% 15% 19% 0 0

X1 9 9 2 1 3 1 3 2 4 4 0 0

TCD: Task Completion Duration, EA: Errors Average per participant, EOR: Error Opportunity Rate, EFR: Error Frequency Rate, EI:

Error Intensity, XA: Explanation request Average per participant, XOR: Explanation request Opportunity Rate, XFR: Explanation request

Frequency Rate, XI: Explanation request Intensity

Green= Positive (higher), Yellow = Neutral (Equal), Red = Negative (Lower)

Considering the observed performance results of the participants with regards to the gender identifier as
shown in Tab. (4.34) above, several differences were apparent: (1) the baseline experiment results show
that the performance of both genders in the case of not using any SP was similar, although males finished
faster, they had more errors but also asked less questions than the females. (2) The PSP results show
that male participants performed better than females however there were no significant differences
between them and there was no difference at all in the case of error frequency rate and error intensity.
(3) The MSP results show that no significant differences between the participants’ genders performance,
but male participants were minimally faster, required less explanations on average and committed lesser
errors than females did. (4) The VRSP results shows a significant difference in all the aspects of the
observed performance factors in the favour of the male participants. (5) The ARSP results show that
male participants had a slight advantage in terms of performance, however the females made less
maximum amount of errors per participant, and had a less percentage of participants asking at least one
question, while the maximum number of participants asking questions was the same for both genders.
(6) The MRSP results showed that in terms of speed there is a slight advantage for male participants.
other than that they were no difference at all in all the performance aspects. (7) The SP observed
performance differences regarding genders show that there was no significant difference in the cases of
PSP, MSP, and ARSP, while in the case of VRSP there was a significant difference that might be due
to the immersive 3D form of VR, however MRSP had the least differences in performance which might

indicate that it is the most gender neutral SP form.
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Table 4.35 SP Forms Comparison of the Participants Performance in regards to Occupation

Observations PSPP | PSPS | MSPP | MSPS VRSPP | VRSPS | ARSPP | ARSPS
Task Completion Duration 07:14 | 07:16 | 05:49 06:06 06:40 07:01 02:58 03:06
(min:sec)

Average Usage Error per 0.04 0.09 0.14 0.13 0.08 0.13 0.07 0.16
participant

Error Opportunity Rate 0.2% 0.45% | 0.7% 0.65% 0.4% 0.65% 0.35% 0.8%
Error Frequency Rate 4% 7% 14% 9% 8% 9% 7% 12%
Error Intensity 1 2 1 2 1 3 1 2
Average Usage Explanation 0.14 0.09 0.11 0.15 0.15 0.13 0.18 0.36
Requests

Explanation Requests Opportunity | (.79 0.45% | 0.55% | 0.75% 0.75% 0.65% 0.9% 1.8%
Rate

Explanation Requests Frequency 11% 9% 11% 12% 12% 7% 14% 20%
Rate

Explanation Requests Intensity 2 1 1 3 2 3 2 4
Green= Positive (higher), Yellow = Neutral (Equal), Red = Negative (Lower)

Considering the observed performance results of the participants with regards to the occupation
identifier as shown in Tab. (4.35) above, several differences were apparent: (1) the PSP results show
that there was a slight advantage for the professionals in the completion speed and number of errors
committed, while the students had a lower explanation requests. (2) the MSP results show that the
professionals were faster than the students but the professionals committed more errors and requested
less explanations on average while completing the task. (3) the VRSP results show that there was a
significant difference in the performance, as the professionals were much faster, committed lesser errors
but they also request more explanations than the students did. (4) the ARSP results show also a
significant difference in the performance as the professionals were able to complete the task faster, with
less errors and explanation requests. (5) There is a slight performance advantage for the professional in
the case of CSPs, but even a more significant advantage in the case of ISPs. While there was advantage
for using VRSP for the professionals from the efficiency point of view the effectiveness had less of a
significant difference. However, in the case of ARSP there were significant differences in the efficiency
and effectiveness of the participants as professional had performed much better than students. This might

indicate that ARSP is a good SP form, if the prerequisite knowledge or experience is existing

Table 4.36 SP Forms Comparison of the Participants Survey Ratings in regards to Gender

UX PSP PSP MSP MSP VRSP VRSP ARSP ARSP MRSP MSRP
F M F M F M F M F M

Immersiveness 085 |-073 |0.17 | 017 | 0.68 0.93 0.66 0.98 1.09 1.13
Real World -0.57 | -0.6 -0.58 | -0.4 0.68 0.91 0.1 -0.18 0.09 -0.37
Dissociation
Service Prototyping | 032 | -0.56 | 0.62 0.69 0.69 0.9 0.88 1.1 1.42 1.26
Effectiveness
Service Prototyping -0.61 -0.45 0.24 0.28 0.71 0.93 0.65 0.81 1.01 0.94
Experience
Intention to Accept -0.45 | -001 | 082 0.78 0.85 0.99 1.15 1.18 1.36 1.54
and Adopt
Green= Positive (higher), Yellow = Neutral (Equal), Red = Negative (Lower), (UX Rating: -2 > +2).
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Considering the survey results of the participants with regards to the gender identifier as shown in Tab.
(4.36) above, several differences were apparent: (1) looking at PSP, there were no significant differences
in the ratings of the participants as males rated the IX, SPX and ItA higher than females, while females
rated the RWD, and SPE higher than the males. (2) In the case of MSP, there were also slight differences
but both females and males rated the IX exactly the same, while males rated RWD, SPE, and SPX
slightly than the females, and the females rated the ItA somewhat higher than the males. (3) Regarding
VRSP we can see a significant difference in the ratings, as males rated all UX constructs higher than
females did. (4) Concerning ARSP there was also a significant difference in ratings, as females only
rated the RWD higher than males, otherwise the males rated all the other UX constructs higher. (5)
Concerning MRSP, there were slight differences in the ratings of the participants, as females rated the
RWD, SPE and SPX higher than the males did, and the males rated the IX and ItA higher. These rating
differences show us that the VRSP was the favourite SP form for the male participants, while the females
much preferred the MRSP. The differences also illuminate the fact that the male participants almost
always rated the immersiveness and the adoption intention of the prototype higher than females, except

in the case of MSP.

Table 4.37 SP Forms Comparison of the Participants Survey Ratings in regards to Occupation
UXx PSPP | PSPS | MSPP | MSPS | VRSPP | VRSPS | ARSPP | ARSPS
Immersiveness 057 | -0.82 | 033 0.11 0.7 0.93 0.88 0.96
Real World Dissociation 031 | 071 | -0.08 -0.57 1 0.81 -0.01 -0.22
Service Prototyping Effectiveness | 041 | -0.23 | 087 0.6 0.74 0.9 1.03 1.08
St T B s 031 | 055 | 046 02 0.77 0.93 0.75 0.79
T (1 AT G A 0.08 0.17 | 0.86 0.76 0.7 1.07 1.13 1.19
Green= Positive (higher), Yellow = Neutral (Equal), Red = Negative (Lower), (UX Rating: -2 >+2)

MRSP was not included in the survey rating comparison in regards to the occupation as the number of
professionals’ participants (2 Masters students that work part time) in the MRSP was low considering
the overall numbers. Considering the survey results of the participants with regards to the occupation
identifier as shown in Tab. (4.37) above, several differences were apparent: (1) In the case of PSP there
were significant rating differences as professionals rated almost all the UX constructs higher than the
students, only the SPE was lower than the students’ rating. (2) Regarding MSP, there was a significant
difference in the ratings as the professionals rated all the UX constructs much higher than the students
did. (3) Considering VRSP, there were significant differences in the ratings as the students rated the I1X,
SPX and ItA higher than the professionals did, while the professionals rated the RWD and SPE higher
than the students. (4) Looking at ARSP, there were significant differences in the ratings as the
professionals only rated the RWD slightly higher than the students, while the students rated all the other
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UX construct higher than the professionals. The differences in the ratings here show us that the
professionals much preferred the conventional over the immersive SP forms, where the students
preferred the immersive ones most. The results also highlight the significant differences in ratings of the
real world dissociation as the professionals rated it higher every time, meaning that the students were
more associated with the real world while using each SP form. The SP sequence position one comparison
shows the differences between the performances of each SP form in contrast to the baseline experiment.
The sequence 1 is important especially for the observations as it shows the performance of the first time
use for the participant with each of the SP forms; which eliminates any bias of any prior experience or

latent knowledge due to prior SP use.

Table 4.38 Sequence Position One Observations Comparison
Observations BSL PSP 1 MSP 1 VRSP 1 ARSP 1 MRSP
Task Completion Duration (min:sec) 11:09 07:27 05:50 07:10 03:02 02:53
Average Usage Error per participant 4.3 0.19 0.08 0.25 0.21 0
Error Opportunity Rate 21.50% | 0.96% 0.40% 1.25% 1.04% 0%
Error Frequency Rate 90% 11.54% 8.00% 17.86% 16.67% 0%
Error Intensity 11 2 1 3 2 0
Average Usage Explanation Requests 4.33 0.19 0.12 0.21 0.58 0

Explanation Requests Opportunity Rate 21.67% 0.96% 0.60% 1.07% 2.93% 0%

Explanation Requests Frequency Rate | 93-33% | 15.38% | 12.00% | 10.71% | 3333% | 0%

Explanation Requests Intensity 9 2 1 3 4 0
Happy Participants’ Attitude 2% 12% 20% 65% 52% 83%
Neutral Participants’ Attitude 35% 84% 72% 27% 41% 10%
Frustrated Participants’ Attitude 1% 4% 8% 8% 7% 7%

Green= Positive (higher), Yellow = Neutral (Equal), Red = Negative (Lower)

The participants, as shown in Tab. (4.38), were able to complete the task the fastest with the support of
the MRSP with only two minutes and fifty-three seconds, and ARSP as second with three minutes and
two seconds. This suggests that MRSP is the fastest SP form to complete the task, as it took the least
amount of time to complete the task. The slowest SP form was the PSP, as it took more than twice as
much as MRSP took, which was seven minutes and twenty-seven seconds, but still it takes less than it
would have taken if no SP form was used at all as it took on average 11 minutes and nine seconds to
complete the task without any SP support. The participants made many mistake while completing the
task without using SP, they averaged 4.3 errors per participant, which is quite high even with comparing
it with the SP form with highest error quote VRSP with 0.25. This shows that the participants made the
most mistakes while completing the task was after using the VRSP, this could be due to the lacking
interactions in the prototype, but as it is a prototype a certain fidelity and resolution had to be adjusted

to make all the prototypes equal in that sense.
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MRSP showed a fantastic result as the participants didn’t commit any errors while completing the task,
which was incredible as the second lowest error quote from a SP came from MSP, which shows that
video is effective in delivering the information necessary to successfully complete the task but not as
much MRSP. The baseline experiment showed that average explanation requests per participant was
4.3, which is comparatively high when looking at the requests quote from the other SP forms. ARSP
had the highest explanation requests quote 0.58, which was due to the fact that some of the participants
didn’t know how to operate an AR device, and how markers are captured and also about the AR
functionality. MRSP performed excellent in that field as all the participants were able to complete the
task without asking any further explanation requests. These results suggest that the MRSP is the most
efficient SP form for completing this task and similar instructional or guidance based tasks. The data
also suggests that ARSP is a viable option if concentrating on the guidance based tasks, while MSP
(Video) offers a relatively universal way of communicating repetitive instructions that needs to be done
directly afterwards. We think that VRSP might have a great potential in training prototyping and could
be utilized to communicate information in a fun and immersive manner. MRSP was the fastest seconds,
followed by ARSP, which might be due to the fact that the participants had to absorb the knowledge and
do the task at the same time, which saves time. The slowest form was the PSP, and close second is
VRSP, this might be due to the fact that participants had to experience around four minutes in a virtual
simulation on average, and also the participants had to read the instructional leaflet before starting which

was also around four minutes on average.

The error quotes are marginal as the quotes are all under 0.25, which is for VRSP which suggests one
out of each four participant made an error while completing the task. MRSP had a 0 error quote, which
might be attributed to the fact that the MR device is mounted directly on the head and the eyes are
covered from all sides with the visualization so the mind is being guided step by step through colored
visualizations, which left no place for error. The participants showed that even such a simple
disassembling and assembling tasks could be challenging for many participants, in the baseline
experiment, where the participants didn’t use any SP form they had a quote of 4.3 request per participant.
In comparing the baseline explanation requests quote with the highest SP form quote, the ARSP which
has 0.58, it is still 7.5x more explanation requested. The participants had several questions while using
ARSP, one of every two participants had a question while using ARSP, many of them due to the markers
recognition and the tablet functionality. To have a better understanding of the participants’ survey
ratings, we selected the ratings from only the first sequence from each SP form and compared it MRSP.
The ratings of the participant could be best measured in the first use of each respective SP form, as it
will capture their first impressions after first experience. The sentiment will also indicate that they will
not be biased by having prior experience of any other SP forms, which is great in gauging the real ratings

of the participants for each of the SP forms, as the rating goes from very weak (-2) to very strong (+2).
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Table 4.39

Sequence Position One Survey Ratings

UXx PSP 1 MSP 1 VRSP 1 ARSP 1 MRSP
Immersiveness Weak (-0.45) Weak (-0.13) Strong (0.78) Strong (0.75) V Strong (1.12)
Real World Dissociation Weak (-0.55) Weak (-0.61) Strong (0.65) Weak (-0.26) Weak (-0.20)
Service Prototyping Effectiveness Weak (-0.04) Strong (0.51) Strong (0.69) V. Strong (1.11) V Strong (1.32)
Service Prototyping Experience Weak (-0.27) Strong (0.07) Strong (0.79) Strong (0.69) Strong (0.97)
Intention to Accept and Adopt Strong (0.14) Strong (0.71) Strong (0.89) V. Strong (1.09) V. Strong (1.48)
Green= Positive (higher), Yellow = Neutral (Equal), Red = Negative (Lower), (UX Rating: -2-> +2)

The survey main constructs and their ratings alongside the survey average from sequence position one
for each SP form are presented in Tab. (4.39) above. The participants rated MRSP with the highest rating
in every construct, except the RWD which shows that the participants felt that it does disassociate them
from the real world as it was the nearest rating to the neutral rating of 0. The participants rating in the
first sequence didn’t change much from the overall survey, other than that MSP is nearer to neutral than
positive, and PSP is less negatively rated as in the survey total by 50% to be precise. This shows that
the participants that used PSP in the later sequences felt that it is lacking as they could compare it to the
other SP forms, which could be also the case for MSP.

4.6.  Industrial Workshop

To be able to understand more about the practicability of service prototyping and the use of XR in
creating and experiencing service prototyping; a workshop with industrial stakeholders was conducted.
This workshop was to gauge the industrial intention to accept and adopt service prototypes and the use
of XR in service prototyping. The workshop also included an explanation of the SP experiment and its
results, to foresee if they think that this is feasible in an industrial service setting. The workshop had a
focus group discussion with open ended question after the SP presentation to be able to collect data from
their answers. Focus group interview is a well-known method for researchers to search for ways to
improve their products (Krueger, 2002). Focus group method offers a way to explore a group’s
understanding of a topic and why do they think this way as well (Morgan, 1988). Focus group is a
research tool involving an organized open discussion with a selected group of individuals to gain
communal opinions about a subject (Gibbs, 2012). Thus for this dissertation, group discussions were

used to explore industrial group opinions on the service prototyping process, the SP experiment, and its

results.

4.6.1. Focus Group Discussion
The industrial stakeholders had only one thing in common, which is that they all work for Liebherr
organization and they are all interested in services. The demographic analysis on the entry survey shows

that they were a homogenous group of different individuals and work in different divisions and from
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different age slices; this is vital to have a broad spectrum of opinions from across the board. The results
of the demographics of the participants are shown in the (a) age slice of the participants, (b) vocational

area, (c) service importance, (d) knowledge levels, (e) terms familiarity, and (f) expectations from the

experiment.
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Figure 4.9 Industrial Stakeholders’ Age Slice, and Occupation

The stakeholders were from diverse age-slices, as 60% of them were between the ages of 26 and 35,
30% of them were between the ages of 36 and 45, and only 10% between the ages of 46 and 65 as shown
in Fig. (4.9). This shows that the stakeholders are of a relatively young age, which shows interests from
the younger industrial stakeholders in hearing new research and seeing how they could leverage this
new knowledge for their own work processes. All the participants were employees of Liebherr, but they
came from different divisions as such the stakeholders were not selected but they volunteered to
participant in the focus group workshop. Most of the participants came from the business development
services and digital services with 23% each, 15% of them were from customer service and portfolio
management each, while 8% of the volunteers were from marketing, and other divisions. This shows
that the stakeholders interested in services are not concentrated in only one division, which will also
give a more unbiased opinion as the stakeholders from the same division were mixed in different group

discussion sessions.

How important 1is service to your How do you rate your level of
department? knowledge mn "service development"?
[2] Important Expert
[1] rather Important Specialist
[0] almost important Practitioner IEEE——
[-1] Rather unimportant Wl Novice I
[-2] Unimportant No Knowledge
01234567 8910111213 0 1 2 3 4 5 6 7 8 9
Figure 4.10 Importance of Service and level of Service Development Knowledge
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The question about the importance of services for the majority of the stakeholders was answered as
important, which is the highest rating, meaning that services is their main focus in the vocational job as
shown in Fig. (4.10). This shows that services are important for the participants. This shows that service
is the main job for almost all of the participants. The stakeholders’ level of knowledge was self-rated,
and 62% of them rated themselves on a practitioner level in service development, while 38% of them
rated themselves as novice in service development. This shows that none of the participants considered

themselves as experts or even specialist.

Are you familiar with the term "service Are you familiar with the term
prototyping"? "immersive technologies"?

[2] Yes I [2] Yes

[1] Rather yes NN [1] Rather yes N

[0] well, almost I [0] well, almost I
[-1]Rather No I [-1]Rather No

[-2]No |— [-2] No |

0 1 2 3 4 5 0 1 2 3 4
Figure 4.11 Familiarity with Service Prototyping, and Immersive Technologies

The participants were also asked before the presentation and the focus group if they were familiar with
service prototyping, and their answers were diverse as shown in Fig. (4.11). 21% of the stakeholder felt
that they are familiar with the term service prototyping, 7% of them felt that they are rather familiar with
the term, 21% felt that they are almost familiar with the term, while 38% of them were rather unfamiliar
with the term SP, and even 14% of them were unfamiliar with the term. The stakeholders were mostly
technology affine and they were interested in the impacts of immersive technologies on service
prototyping and development as whole. The stakeholders rated their familiarity with immersive
technologies, and 15% of them were familiar, 23% were rather familiar with the term, and 23% were
almost familiar, while 15% were rather unfamiliar with the term, and even 23% were unfamiliar with

the term immersive technologies (including VR, AR, MR).

How do you rate your level of How do you rate your level of
knowledge in "Service Prototyping"? knowledge in immersive technologies
(XR)?
Expert
Specialist N Expert

» Specialist  IE—————
Practitioner .
Practitioner
Novice I

No Knowledge I No Knowledge I

Novice II—
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Figure 4.12 Level of Knowledge of Service Prototyping and XR
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The stakeholders also rated their level of knowledge in service prototyping, as they were few of them
that had previous experience with our service prototyping workshops, or working in service prototyping
at Liebherr. 8% of the stakeholders were specialist in service prototyping, while 62% of them were
novices and 30% of the participants had no knowledge about service prototyping. The stakeholders also
rated their knowledge level in immersive technologies, including VR, AR and MR, as displayed in Fig.
(4.12) above. 15% of them were specialist in immersive technologies, while 53% of them were novices

and 32% of them had no knowledge on any immersive technology.

Other: N
Informative [INEG_
Get to know the topic I
Understand topic

Service prototyping Information I

0 1 2 3 4 5 6 7 8 9

Figure 4.13 What do you expect from this workshop and focus group discussion?

The stakeholders of the focus groups were most interested in getting to know more about service
prototyping, to understand the topic more and to get more information about service prototypes. Other
comments as shown in Fig. (4.13) were “how can I use service prototyping for my job?” or “how can I
leverage service prototyping for my markets?”, and “how can I use service prototyping for training
concepts?”. Other stakeholders added that they would like to have tips and recommendations for
application, and the cost benefit and also what kind of reasoning they should leverage to use service

prototypes.

4.6.2. Feedback Survey Results
The stakeholders filled out a survey after the discussion was finished, this survey was created to gauge
the stakeholder’s acceptance of the SP forms mentioned, and also to ask for their evaluations concerning

the applicability in a real industrial service environment.
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Figure 4.14 How familiar are you with "Service Prototypes" after the workshop?
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The rating of the stakeholder’s familiarity with the term service prototyping is displayed in Fig. (4.14).
24% of the stakeholder felt that they are familiar with the term service prototyping which increased from
21%. 38% of them felt that they are rather familiar with the term, which increased from only 7%. 38%
felt that they are almost familiar with the term which then turned the 52% of stakeholders that were

rather unfamiliar or unfamiliar with the term.

How do you rate your acceptance levels How do you rate your degree of
for service prototyping after the adoption of the service prototyping
workshop? after the workshop?
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Figure 4.15 The Degree of Acceptance and Adoption after the Workshop

The acceptance of the service prototyping process is a critical aspect of this focus group discussion, as
it was important to see the industrial acceptance towards the use of service prototypes. The rating was
quite high, as 8% of them described their acceptance level with high, and 84% of them described their
acceptance level as rather high, while 8% of them described their acceptance levels as almost high as
shown in Fig. (4.15) above. The stakeholder was asked to estimate their degree of adoption to service
prototyping in their work process, and 8% of them rated the degree of adoption with high, 46% of them
rated it with rather high, 38% of them rated the degree of adoption as almost high, and 8% of them rated

the degree of adoption rather low.
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Figure 4.16 Level of Knowledge in Service Prototyping and XR after workshop

The stakeholders self-rated their knowledge level service prototyping after the discussion positively as
shown in Fig. (4.16) above, as 62% of them were novices and even 30% had no knowledge about service
prototyping before starting the workshop and discussion. 70% of the stakeholders rated their service
prototyping knowledge level as rather high, and 30% of the stakeholders rated their SP knowledge level
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as almost high. This shows a big gain in service prototyping knowledge and information. The
stakeholders were then asked to rate their new acquired knowledge level in XR information after
participating in the focus group discussion. Before starting the focus group discussion 53% of them were
novices and 32% of them had no knowledge on any immersive technology, but after 8% of the
stakeholder rated their immersive technologies knowledge level as high, and 54% of them rated it as

rather high, while 38% of them rated it as almost high.
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Figure 4.17 Were your expectations for this workshop fulfilled?

At the end of the survey there was a question to ask if the stakeholders’ expectations were met in the
workshop and discussion as shown in Fig. (4.17), and if they felt that the time was well spend. 30% of
them felt that their expectations were fulfilled, 30% of them felt that were rather fulfilled, and 22% of
them felt were almost fulfilled, while 8% of them expectation were rather unfulfilled. The workshop

was done to not only evaluate the experiment results, but also introduce the SP and XR concepts.

4.6.3. Focus Group Discussion Results
These are some of the comments that they left on the other comments section in their survey, as (a)
“Good presentation, very pleasant and open atmosphere, thank you!”, (b) “How do you perform service
prototyping projects? , (¢) “Do not lose sight of the cost-benefit ratios.”, (d) “Costly solutions without
user benefits have no acceptance.”, (€) “Thank you so much! If possible, I would also like to receive the

final results of the work. All the best!”.

Table 4.40 List of Verbal comments for the discussion

Open ended Question Comments
Service Prototyping is one of the future focuses of Liebherr

Without rapid service prototypes, feedback does not work

Fascination plays great role in XR due to the immersive experiences

Acceptance difference between beginners and professionals

To what extent are you ready to use service Service prototyping sharing results with the stakeholder
prototypes?

Searching for potential for issues with customers through service prototyping

Very useful for me and my work

Benefit for training in the service sector

Risk free training on the job, training through experience
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What do you think of the results of the
research study?

Image says more than a thousand words, and video says more than a thousand images

VR and AR stay in mind longer

In real situation implementation would be possible

No matter what form, the main thing is making a SP

The more complex the task, the more complex the video or SP

Simply prototype to test better than start point

MR / AR disadvantage is when, incorrect info or unsurpassed passages are displayed

Effort to have clean data for immersive application

How do you assess the effects of Experiencing
a service that does not exist yet?

Experience is totally important, buying decision made about experience, so after belly

feeling

Insight into New Product / Service

Experience is at utmost importance for service

Early feedback, early mistake makes a better experience afterward

Make service ideas tangible and visible

Conservative customers / stakeholders must be convinced

Service prototyping helps to make service imaginable

How do you assess the effects of
Communicating a service idea that does not
exist yet?

Expectations awaken by prototype, which could be negative or positive in some cases

Grasping and touching through prototyping

Increase acceptance and enthusiasm

Good ideas expire if not shown

Make experience with pictures easier to understand

Prototype timing is important

Questions gauge the expectation and attitude of stakeholders

Can be utilized to not be Fixed on only one idea, and in reality is different

How do you assess the effects of Evaluating a
service that does not exist yet?

In any case, SP has to be represent the idea clear, as if miss interpreted differently than

thought as communicated could lead to errors

Take development fears away

If T have SP, then can discuss constructive with customers

It is important to have the target group rated for usability

Could be used to review potential customer needs and wants

Great potential in marketing and promotion

How do you assess the effects of Learning a
service that does not exist yet?

As with e-learning, there are two groups, one needs someone to learn and one uses

technology to learn

If not done, then other options may expire

Learning with stakeholder on concepts, agreeing or disagreeing with it

Pick up feedback Target audience pay attention

Learning by doing

Important to learn the service features and features beforehand

According to experience, the easier and the easier the better

Make digital service products tangible through SP

Do you see benefits for using service
prototypes?

Training on job very important (no matter which one)

Time savings through service prototyping

Optimization potential through iterations with continuous agile development

Closer to market requirements, needs, and wants

Better understandable, less barriers

Stay on the safe side with VR

To speed up development and cost savings
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Many advantages as effectiveness, Get feedback fast

Many advantages, at Liebherr in the future

We will become more agile and dynamic, and increase man power

Digital offers are now differentiating, and SP makes development easier

From paper to AR we have something for sure

Try everything, no mistakes at the end

How do you see the use of service prototypes [ Reduction in diagnosis and maintenance
in service development at Liebherr?

Simulate maintenance, and training, optimize by using XR

Experienced prototypes try and test

Instead of instructions and guide functions, which can be done with tablet or mobile

phone with illustrations

"Must do" instead of "would be done"

In Tab. (4.40) above is a list of the most important feedback in the focus group discussion. These were
discussed in the three focus group discussions guided by open ended questions, all these comments were
made verbally in German and then was translated afterwards into English. The sentiment of the
comments was positive, and showed that almost all the participants had a higher level of technical
adoption for service prototyping and immersive technologies. This also showed in their questions and

further communication, which still continues until this day.

To summarize the workshop and the focus group discussions, it was a successful workshop and focus
group discussion to (1) gauge the industrial technical acceptance and adoption of service prototyping
and immersive technologies, (2) benchmark Liebherr service development process, (3) increase
knowledge level of the employees of service prototyping and immersive technologies, and (4) to foresee
what a major big company like Liebherr think of the experiment and the results of the experiment.
Liebherr also showed great interest in service prototyping processes and tools, as they even hired an
employee only for service prototyping in their service development department. This employee is
responsible for cross co-collaboration between different departments to facilitate creating service
prototypes for all their future developed services. Liebherr also recognized the importance of immersive
technologies, and using XR to improve service development, innovation and delivery. Liebherr hired
also another employee only responsible for immersive technologies service application and projects.
The workshop also showed that service prototyping has a high industrial technical acceptance degree,
especially in a big and large cooperation like Liebherr, which is an excellent sign. It showed also the
high adoption degree of service prototyping, as Liebherr saw the advantage of using service prototyping
to develop new services. Liebherr also is cooperating with the Furtwangen University on several
industrial use-cases, where the students work with the employees of Liebherr for several smaller projects

involving service prototyping or immersive technologies.
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Table 4.41 Comparison of SP Forms based on the Evaluated SP Attributes Impacts (Extended from Abdel
Razek et al., 2018a)

SP Type PSP MSP VRSP ARSP MRSP
Fidelity L M H H VH
Resolution L M VH H H
Effort L M VH H H
Interactivity L M VH H H

UX L M H H VH
L= Low, M=Medium, H=High, V H= Very High

Green= Positive (higher), Yellow = Neutral (Equal), Red = Negative (Lower)

The results enabled us to compare SP forms based on the evaluated SP attributes as shown in Tab. (4.41)
above. The comparison is based on the overall results of the experiment, and industrial focus group
findings. The fidelity of the prototype can impact the functionality built into the prototype, as CSP is
suited best for initial prototyping processes and ISP for later development of the prototype. The
resolution of the prototype can affect the resemblance of the prototype to the final design of the service,
as CSP is suited best for using in earlier stages of development, while ISP best utilized in the later stages
of development. The effort represents the organizational resources that every organization wants to
invest in exploring, evaluating and communicating service ideas, where CSP requires less effort and can
be best suited when the ideas are still in the earlier stages and to save costs while ISP can be suited when
the idea is already selected and enough organizational resources are available for the service prototyping
process. The interactivity of the prototype is decided with the degree of interactivity required in the
prototype, as such CSP is more appropriate for when a limited interactivity prototype is needed and ISP
is more suitable for prototyping more complex service interactions. The experience of the prototype is
a vital attribute as it is based on perceptions and responses from the use or anticipated use of a service
prototype; where CSP offers a lower degree of UX and is suited for the earlier stages as the experience

is not important while ISP is more suited where UX is important for prototyping process.

4.7.  Summary
PSP was the lowest rated SP survey wise, and also the least efficient method as it was the slowest. MSP
was not as bad as expected it was actually more efficient than VRSP, and had less error and explanation
requests as well. VRSP had the best rated service prototyping experience, but was not as efficient as
ARSP and MRSP. ARSP was efficient, but not as effective as it required many explanation requests,
which might have been due to the fidelity and resolution of the prototype. MRSP was fastest, rated the
highest, and was the most efficient and effective. The sentiment was positive in the VRSP, then MRSP,
ARSP, while the sentiment was positive to neutral in MSP, and negative in PSP. The comments from
the experiment participants were instrumental in understanding more the impacts of using immersive

technologies in service prototype.
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The most important aspect of choosing an appropriate SP form is that selection has to be attuned to the
SP purpose (implicit complexity) and activity (objective) set by the service stakeholders. There are
difficulties in using VR / AR even for a simple task, few also faced cyber sickness as well. MRSP and
ARSP were the most efficient methods to deliver the information (according to duration needed to
complete the task and the survey ratings). MRSP was the favorited for more than 70% of the participants
(from verbal discussions with the participants after the experiment sessions), which lead to believe that
MRSP would be the most optimal solution. ARSP was given the highest UX rating by the participants
in France, but VRSP was given the highest UX rating in Germany (aside from MRSP). AR usage without
training might not be as efficient as using any another conventional form. Combining multiple SP forms
might be the most optimal method (CSP + ISP). CSP seems more appropriate for early stage service
development, and depends on the service complexity and degree of interactivity in the later stages. ISP
seems more appropriate for complex and multidimensional service scenarios that might require

interaction, and can be utilized in the later stages of service development.

What was apparent after the industrial workshop and focus group that Liebherr confirmed that there is
a huge interest in SP. They even hired two employees for service prototyping and immersive
technologies projects, as they are responsible for using service prototyping and immersive technologies
to improve service offerings in the company and innovate new service development. We are also
working closely with the Liebherr with several student projects on service prototyping and immersive
technologies. They are now implementing service prototyping in development of new services in their
company. The focus group discussions then were conducted to gauge the industrial technical acceptance
and adoption degree of service prototyping and immersive technologies, while receiving their
evaluations and feedback on the model, experiment and results. The stakeholders were positive towards
service prototyping and its forms, they also added that they currently hired two employees, one for
service prototyping and the other for immersive technologies service applications. The stakeholders also
had a high acceptance and adoption ratings for service prototypes, and immersive technologies after the
workshop and focus group discussions. There were also several industrial request to present the research
results, and even was asked to present the findings of the experiment in the international conference for
immersive fire fighters. This shows that there is a huge interest from the industry and even not only from

the industrial sector, but also from other service sectors.
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5. Discussion

5.1. Introduction

The discussion chapter explains and summarizes the main research objective, methods and results. The
overall goal of this thesis is to gauge the impacts of immersive technologies on service prototypes with
a set of experiments and focus group discussions in order to create a guide for further industrial
implementation. The extensive literature review led us to the find a literature gap, where there was a
lack of empirical investigation on service prototypes and especially immersive service prototypes. This
identified gap also helped in shaping the research approach used in this thesis through mixed qualitative
and quantitative methods approach in order to have a better understanding of the impacts and the reasons
behind these impacts. To categorize and better understand these impacts a service prototyping research
model and instrument were constructed, and the ‘service prototyping experience’ construct was
elaborated. The construct, model and instrument investigated the impacts by comparing immersive
service prototypes with conventional ones; by using an experiment and a survey to see the differences
in terms of performance, experience, acceptance and feedback. The prototypes used in the experiment
were constructed to engage the participants in learning and performing, as to create a representation of
an industrial service training experience. The instrument main objective is to investigate the impacts of

using immersive technologies (XR) on service prototyping.

For the time constraint of the dissertation, only three immersive service prototypes, and two
conventional ones were selected for the experiment, and there was also only one company in the
industrial benchmarking. These two CSP forms were chosen as they are currently used in service training
processes and similar learning processes according to our literature research. The three types of ISP
forms were selected because it makes sense to see which one would perform better in such a task, and
what would be their respective impacts. This led to investigating the performance, experience, and
adoption degree differences. The research instrument consists of bipolar survey in order to evaluate the
immersiveness, real world dissociation, service prototyping experience and acceptance constructs,
divided upon 15 semantic scale questions with rating justification elements, where the participant can
write their feedback freely. The research was conducted by using mixed methods in order to get the most
accurate depiction of the impacts of immersive technologies on service prototypes. Mixed methods was
also used as there was a lack in empirical quantitative and qualitative investigation in service prototypes,
and their performances. The experiment was successful in showing that not all immersive technologies

offer the same advantages in regard to the performance, experience and enjoyment; as many of the
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participants’ feedbacks and evaluations were positive after using ISP. The collected data amount in total
was over 500 unique sets of data, including durations, errors, explanation requests, bipolar ratings, rating

justifications and participants’ comments.

The experiment was conducted with 133 participants experimenting with PSP, MSP, VRSP, ARSP and
MRSP. The MRSP experiment was conducted with 30 participants after the main SP experiment due to
the delay to receive the Microsoft Hololens equipment. The baseline experiment showed us that by any
form it would have been better than nothing at all, which shows the importance of prototyping and
communicating in service development and design. The prototype in paper form (PSP) is an outdated
type of communication, but still is widely used in communication, prototyping and learning processes
worldwide. Obviously, PSP was the slowest, least rated, least interactive, and had the worst service
prototyping experience compared to the other SP forms. The prototype in Virtual Reality form (VRSP)
brings a great way to risk free training and a great learning environment for absorbing knowledge for
longer information retention. The prototype in video Mock-up form (MSP) offers a cost effective
method for simple prototyping processes, but could be lacking interaction due to the 2D format of
videos, or by using 3D models or artifacts to supplement it, might bring that extra advantage that it
needs. The prototype in Augmented Reality form (ARSP) offers the best ratio cost/benefit and from
performance and experience, as it could be used with less expansive personal devices (e.g. tablet or
smartphone) for a minimum initial investment. The prototype in Mixed Reality form (MRSP) offers the
best service prototyping experience through enough immersion and accuracy. The MSP form was by far
the best CSP in the effectiveness, efficiency, and experience, while offering a neutral medium where it
is easy to digest, understand, and apply to complete the task. MRSP was the best SP form overall as it

offered the best possible performance, experience and had the highest adoption degree.

One of the main objectives is to aid service developer, designers and researchers in selecting the most
appropriate SP form for each service process, which could be a complex task. The most important aspect
is to identify the dependency links between immersiveness and the real world dissociation, service
prototyping experience and efficiency. This was done through the statistical analysis of the experiment
data, as we have analyzed these dependency links. The statistical analysis was only done on the SP forms
with more than 100 participants, which means that another analysis was done especially for MRSP. The
objective was to conduct all the SP form experiments at the same time, but due to the delay in the
Hololens device acquisition process this was not possible. The experiment results were enlightening,
especially in showing that the hypotheses were validated, and the research questions answered, but we
felt an industrial view on the experiment and research results would be beneficial. The results of the
experiment were then presented and discussed in an industrial service environment in order to gauge the

acceptance and adoption degree of an industrial service organization. The focus group workshops and
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discussions were successful, as service prototyping and immersive technologies acceptance was high,
and the stakeholders’ sentiment was positive. The organizational acceptance was also felt, as the
company hired two new employees to handle service prototypes and immersive technologies in the span

of the service prototyping workshops that was done in the past two years.

5.2. Limitations, Reliability, and Validity

The experiment was done in an academic setting, where replication could be challenging as the diversity
of the participants from the three campuses is random, and heterogeneous group, so if the experiment
was conducted with a homogenous group, other findings might arise. The statistical validation of the
model was done with more than 100 participants, which was sufficient; however, having more
participants would have been more significant. Nonetheless, as the experiment session duration was
about 1 hour, it would have taken over 1000 hours, which would have been challenging to finish in only
3 years. A baseline experiment was conducted in Germany with 30 volunteer students to establish a
benchmark for the observation metric, as it was far too challenging to attract real professionals. The
baseline experiment revealed why it is important to use a SP, but as all the participants were students,
their experience and knowledge levels are limited, which might be reflected in their performances and
feedbacks. Some of the participants were also my students, and their first immersive experience were
either in my classes or in the experiment, which might have given them a more positive attitude to rate

ISP survey higher, and CSP lower as they were fascinated by it.

The SP experiment participation ratio between Germany with 53% and France with 48% of the total
number of participants was properly balanced. The gender participation ratio was around the 70% male,
and 30% female, but as the experiment was on volunteer basis, we could not choose who wants to
participate in the experiment. Regarding the occupation ratio, it was 70% of student and 30% of
professionals. This might be also considered as a limitation, but as mentioned before the experiment is
on volunteer basis, and the number of professionals participating was relatively high considering they
had to spend one hour on the experiment. As for the age slice of the participants, most of the participants
are then of younger age, in fact only 34% of the participants were over the age of twenty-five, which
might be taken as a limitation as the younger participants might be more digitally affine than the older
ones, but as it is an academic setting the volunteers were mostly students and young colleagues that were
interested in testing new technologies and processes. MRSP extension on the SP experiment was
conducted fully in Germany with 30 participants mostly students, as it was challenging to attract more
professionals for another experiment at the same location. Most of the participants in the extension
experiment were under the age of 25 years old, but there was nothing to do about this as they were all

volunteers.
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The experiment was conducted with the 103 participants with only PSP, MSP, VRSP, and ARSP
(Hololens issue). Due to the fact that the MRSP extension experiment was only conducted with 30
participants, this could mean that if we test with more than 100 participants we might get a different
result. The experiment could have been run singularly, meaning the experiments would have been
divided into 6 separate experiments, one for each SP form, and then each of the experiment would have
required around 20 minutes each, but we would have had to experiment with 100 participants each. This
means that doing the experiment 600 times, which would have taken several years to complete as we
would have to attract every year around 100-150 participants from the students at the institutes. The
participants of MRSP experiment were also only students, which limits the knowledge difference aspect
were we have differences in performance due to knowledge, experience, or know-how. The issue with
MRSP is that it requires an MR device, in this case a Hololens, which is costly, as such AR would be
the more affordable solution for cases that will be used by higher number of users, as it could be used
on their work mobile device or even personal one. The Experiment could have been stronger if it was
extended to include simulation service prototypes, and verbal service prototypes, to fully compare CSP
and ISP, and to be able to compare the three ISP with three CSP. The issue was that this would made
the experiment approximately two hours, which would have been impossible to get 100 in one year, as
I was barely able to get 100 participants in the span of over a year in three university campuses, and
while the experiment duration was only one hour. The data was rich, but the study needed a longer
period to research all the SP forms, and all aspects of immersive technologies impacts in several case

studies.

The knowledge absorption duration or the time needed for learning through each SP form was
approximated in the pre-tests as it was seen as more efficient to see how long will each of the professions
and genders of the expected participants, and use that in the final analysis. This decision was due to the
fact that many of the participants have never used VR before, and it was expected that some participants
would want to stay longer in the VR environment as they enjoyed it. The learning duration was also
averaged for the PSP and MSP, as we clocked how long is it to read the paper instructional manual in
multiple knowledge levels and in different languages and used it as our knowledge absorption duration,
as for the videos, they are combined of three minutes so it was also considered as the knowledge
absorption duration. Other limitations that could be due to the use of a tablet for taking their feedback,
as some participants were not comfortable to type on the table touch keyboard, as no one was
complaining in the pre-test, but only during the experiment it was highlighted as such a keyboard was
provided for the rest of the experiments. Pretty painful for the participants that they had to fill the same
questionnaire for each sequence, which means 4 times in total. Some participants also were left an empty
space or comment that refers to another question in the justifications area. A lesson learned here is to

limit as much as possible that the participants have to fill out the same questions several times.
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A couple of industrial participants participated in the experiment, however it is very challenging to
recruit people from the industry for one hour, unless the experiment design serves the company’s
particular context. The results of the SP experiment were presented during an industrial workshop, as it
was not possible to ask the employees to complete the experiment by themselves as it would have taken
a longer time, and also it would have cost the company extensively, it was decided only to present to
them the experiment’s process and results to have an open ended discussion. As an observer and
researcher conducting a study a certain subjectivity is accounted; but we try to be unbiased so other
researchers might have other subjectivity and might come to other results. The main hurdle with
implementing MRSP widely is the cost of the device, as the MR Hololens device costs between 3500
and 5000 € depending on the version to purchase the device. There are also other costs for using MR,
as you will need around 100€ monthly for software subscriptions and the development costs of
programming. There are several other devices on the market but they are still in the development stage
and most organizations want to have a partnership with a well-established company, especially in this

field.

Reliability of the research means if this research can be transferable to other service contexts, and if
other researchers can do the same study and come with similar findings (Trochim, 2006). The research
was constructed with the idea of transferring the results to similar service prototyping research streams.
The research model and instrument were created to investigate the immersive technologies impact on
different forms of service prototypes. Also to compare the performance of ISP and CSP, while gauging
the user experience and acceptance of using immersive technologies in service prototyping. There are
four main threats to reliability (Murphy and Davidshofer 1988), the (a) general characteristics of the
participants, (b) specific characteristics of the participants, (c) aspects of the experiment situation and
(d) chance factors. Taking the participants’ errors into consideration, we have designed the experiment
to be conducted on different sequences so that each SP form is used in a cycle with the other forms, each
of them as the starting SP form to eliminate any participant bias in starting with the same SP form every

time.

The experiment was also conducted in different times of the day, as to eliminate any deviations due to
conducting the experiment at a specific time of the day, where the participants could be still not fresh at
the start of the day or too tired at the end of the day. The experiment was also conducted in three different
academic campuses, two in France and one in Germany, as the participants have different genders,
professions, ages, and backgrounds. The participants’ bias is considered as the participant’s ratings
might be over positive or negative due to the observation of the researcher to the evaluation process, but

in this study the participants were able to give their feedback on the Jaxber App, as they also gave their
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ratings and feedback on the app on the mobile tablet in a separate room as the observer as to eliminate

the bias effect.

Due to the ratio of students and professionals in the experiment, which could be considered as a level of
knowledge bias. The level of experience bias is almost eliminated as most of these participants didn’t
know the observer and didn’t have any information on the research before the start of the experiment.
The researcher error is based on the researcher’s experiment setup and interpretations quality, where the
most errors in the research design might occur. The experiment was setup to be conducted in different
sequences, as to eliminate any participant bias, and also was conducted on the span of over one year as
to eliminate any kind of researcher error from being too tired or not concentrated while observing the
research. The research bias is based on human responses and interpretations and as we all humans make
mistakes it is challenging to eliminate all human errors from research; as measure errors act as random
variables across a large number individual (Murphy and Davidshofer 1988). The research findings were
both measured in the cases of the participants’ ratings and efficiency metric, and evaluated in regards
the comments that the participants left in each of these ratings; which leads to interpreting all the findings
together to create a complete picture of the research results. The experiment data collection was done
with an App, which made it easier to combine the subjective and objective aspects of the research, as
the researcher has to subjectively but neutrally evaluate the results to explain why are these results
reliable and could be transferred into other research streams. The research was carefully design to
eliminate these four mentioned reliability threats as explained before, as such these four errors didn’t

occur in this study.

The instrument reliability concerns its use in other contexts or research. The research instrument was
based on an actual research instrument used before in other experiments (Pallot et al., 2017; Dupont et
al., 2017; Krawczyk et al., 2017; Topolewski et al. 2019), as it was demonstrated that the model and
instrument are used in similar immersive technologies and user experience research. The research
instrument was used for experiment in evaluating the five different SP forms in the experiment, as it
showed a consistent performance and rating in all the forms, and also showed positive feedback from
the participants, which shows parallel-form reliability of the instrument. Internal consistency is when
properties that measured the same constructs show the same tendencies, this is shown from the statistical
analysis and from the participants’ instrument ratings (Cortina, 1993). While a reliable experiment might
provide useful valid information on the application, however an experiment that is not reliable cannot

possibly be valid (Murphy and Davidshofer 1988).

The construct validity of the research, is when we clarify if the research measures what it claims to

measure (Brown, 1996; Polit and Beck, 2008), which discusses the construct, internal, external and
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pragmatic validity of this study. We selected this research methodology as no other similar
investigations that compares multiple immersive and conventional service prototypes were found. As
the research topic is a novel one, we decided to use a mixed methods approach to not only have the
quantitative evaluations results but also the qualitative explanations of these results, and interpreting on
the overall findings. The research strategy was to create a framework, model and instrument, which aim
to validate the hypotheses through the conducting of a comparative experiment. The experiment was
created to include the immersion experience, user experience, service prototyping experience and user
intention to adopt, where the triangulation of the participants’ ratings, feedback and performances results
all lead to the same findings. The experiment was conducted in an academic setting as such it is valid in
the same academic context; it can be also valid in the industrial learning or training context as they will
have the same attitude towards learning as in an academic setting. I wanted to research the impacts of
immersive technologies on service prototyping, as no one else was doing it as an investigation, so we
decided to investigate by using mixed methods as it would give us the impacts in performance,
experience, and acceptance and the reason behind it. Internal validity of the model, statistical analysis,
what are the casual links between the variables (Liebert and Neale, 1973), which is considered the
relationship between dependent (IX, RWD, SPE, SPX, ItA) and independent constructs (PX, EX, CX).
The assumption that there is a relationship between these constructs was based on the fact that it was
used in other similar studies, and based on the work of one of the thesis supervisors. Because of lack of
reflective indicators or a global item we did not perform “redundancy analysis”, but instead we
compared the loadings and cross-loadings. We expected the loadings to be larger than the cross-loadings,
as we expect items to load stronger on their respective construct than on any other construct, as such the

items converge is sufficient.

This experiment was conducted by using a sample of the academic population, so a replication in
academic environment might probably get the same results, but as for an industrial 1:1 replication might
have limitations due to the fidelity and resolution of the prototype, which might offer limited usability
for professionals. The findings of the experiment can be generalized in the academic settings, and in
industrial utilization in only an instructional guiding and learning setting. The experiments’ participants
were all volunteers, so there were no selection criteria as such a random group of volunteer participants
participated in the experiment, this is shown from the demographic results of the participants. The SP
experiment sample size of the 103 participants (n=103) was representative, as the experiment was
conducted in three different locations, with three different target groups, engineers, technologists, and
IT students and even some professionals from these fields participated in the experiment as well. The
national research council advises that a model can be validated only relative to some application area,
where a model that is valid for one application might be invalid for some other applications (National

Research Council, 2012). Therefore, the results of the study are valid in the maintenance prototyping
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and in the learning based industrial services, the results might be valid for other applications but it has

not been validated nor tested.

There are several threats to validity as the intentional or unintentional bias in research design, the
researcher’s expectations, outcomes definition, and confounding variables (Wortman, 1983). The
experimental design was created with regards to the user experience and service prototyping framework,
to eliminate any kind of unintentional bias this was constructed and previewed in two different
conference to collect feedback on the research design before starting with the experiment. The researcher
expectations were always kept in check, and in neutral form, as it was perceived that if the expectations
are communicated unintentionally to the participants non-verbally it might illicit the ratings of the
participants, but this could be also negated as the researcher was neutral throughout the experimentation,
and also the participants were not only asked to rate their experience and acceptance but also to justify
why did they give that rating. The participant’s performance was measured so that there are not
unintentional effects on the performance. The outcomes were defined as to have as broad as possible to
avoid outlining a predicted outcome that is too narrow or limited. The immersive technologies impacts
were observed and interpreted, so that the root causes for the immersiveness impacts were due to the
observed and measured variables, which eliminates the covariates errors. The external validity concerns
itself with the validity from a perspective driven viewpoint, when the practical feasibility and industrial
acceptance are in questions (Pearl and Bareinboim, 2014). The workshops and focus group discussions
was conducted at the EMTech (Earth Moving Technologies Division) at Liebherr GmbH, involving
industrial stakeholders participating in a workshop, and evaluating the service prototyping process, the

SP experiment and its results.

5.3. Responding to the Research Questions and Hypothesis

The main research question is to investigate the impacts of using immersive technologies in service
prototyping, which splits the study to gauge the impacts of immersiveness on the real world dissociation,
service prototyping experience, and efficiency. Our hypotheses were that the higher the degree of
immersiveness, the higher the dissociation to the real world, the SPX, and the efficiency. The results of
the quantitative and qualitative results show that SPX is positively influenced by IX, and that IX also
influences the efficiency, acceptance and real world dissociation in different ways, depending on the
degree of immersion and interactivity. This also verifies the research instrument that makes it possible
to assess the experience, efficiency and real world dissociation aspects during the experiments. The
instrument can be reused in the experiment where more SP forms are compared against each other. The
results of the study are solid, as it shows not only the impacts in regards of the performance, but also the

user experience and acceptance aspects as well.
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The immersive technologies impacted service prototyping positively, as such improving the efficiency,
enhancing the experience, and having a higher user acceptance rating as well. The MRSP was the most
efficient and effective, and also the highest in terms of user experience and acceptance ratings, but also
the other SP forms had their advantages and their drawbacks as well. The MSP efficiency was
unexpectedly high, and even the PSP as the participants were most negative and their feedback and
sentiment was negative as well, but they managed to complete the task with less errors than the other
forms, except MRSP. The younger participants were really annoyed by the fact that they have to read a
one sheet of paper or that they have to watch two videos of combined time of three minutes, which
shows that the younger the participant the shorter their attention span. Some of the older participants
were more annoyed with the immersive technologies as due to cyber sickness, or that they felt that it
was “overkill” or “unnecessary”, but the majority had a positive sentiment and for most of them it was
the first time to try an immersive technology. Some of the differences in performances and ratings
between gender and professions couldn’t be explain from simply analyzing the data, a wider study is

needed to investigate these difference in depth.

The participants’ attitude in the experiment was also an indication on the success of each of the SP
forms. The participants had a happier demeanor using ISP than when they were using CSP. Participants
using MRSP were the happiest (83%), and followed by VRSP (63%) and then ARSP (40%). This
indicates that the participants were happier using and applying any ISP form, and would favor using it
over CSP if they have the choice. The percentage of frustrated participants using PSP (4%) was equal
to ARSP (4%), but surprisingly lower than that of MSP (6%) and MRPS (7%). This might indicate that
PSP needs less time to adapt as paper is an established method of learning, and when the new
technologies are used some might feel unease using them. Participants using VRSP were least frustrated
(3%), which might be due to the fact that VR environment is a lot of fun, and gives a high experience.
Some participants also faced some cyber sickness when using VR and MR, which might also explain
the percentage of frustrated percentage. Participants using AR were also frustrated by the fact that they
need to adjust the AR mobile device to be able to see the necessary steps and some didn’t have the

proper training for using AR.
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Figure 5.1 Service Prototyping Constructs and Model

From our statistical analysis the effect of immersiveness on RWD and SPX are confirmed, but the effect
of immersiveness on SPX is considerably stronger than effect on RWD, and the directions of
relationships for all constructs, which is the signs of coefficients, are positive as expected. The statistical
analysis also showed that RWD is affected by different factors than the immersiveness as it only explains
parts of RWD, and the data analysis showed also that the effect of immersiveness on SPE is confirmed.
The overall experiment survey ratings consist of the constructs ratings from each of the SP forms used
for all of the 103 participants that participated in the experiment. The most significant path is the SPE
to SPX to ItA, which also explains that the effectiveness of the prototype is directly related to eXperience

and also tied to the intention of accepting and adopting a prototype.

The first hypothesis proposes the higher the degree of immersiveness, the higher the dissociation to the
real world. It was shown that the impact of IX on RWD is positive and significant, which supports the
research hypothesis H1. This hypothesis is confirmed as the stakeholders will more immersed then their
sense of time, surroundings and external factors will diminish with the increase in immersiveness. The
second hypothesis proposes the higher the degree of immersiveness, the better the Service Prototype
eXperience. Considering the research hypotheses about the predecessors and their significance stating
that IX is predecessor of SPX is supported since in the valid model this path is significant. This means
that stakeholders will have a more satisfying SPX that will increase the chances of convincing them to
adopt it, or re-use it, and even recommend it to others. The third hypothesis proposes the higher the
degree of immersiveness, the more effective the service prototyping process. It is worth to add, that IX
has rather low impact on RWD since coefficient of determination but still IX positively affects SPE with
high coefficient of determination that support this hypothesis. This indicates that ISP will positively
impact on the effectiveness of the prototype. The fourth hypothesis that proposes the higher the
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effectiveness service prototyping process, the better the Service Prototype eXperience. Considering the
research hypotheses about the predecessors and their significance, SPE is predecessor of SPX are
supported since in the valid model this path is significant. This means that the participant will enjoy the
service prototyping process more if they are more successful to accomplish the task without any help
and mistakes and in the shortest duration possible. The fifth hypothesis that proposes the better the
Service Prototype eXperience the higher the degree of stakeholders’ acceptance and adoption. IX also
positively affects SPE, here with high coefficient of determination, which supports this research
hypothesis. This shows that as the SPX positively impacts the stakeholder’s convincingness to adopt,

willing to re-use, and the degree of recommendations to others.

The participants seem to have rated the MRSP, VRSP and ARSP immersiveness construct with highest
ratings compared to all CSP forms, which confirms our hypothesis that there are immersive service
prototypes offers a higher perceptual, emotional and cognitive experiences than conventional ones. The
higher the immersiveness the higher the real world dissociation as in the case of VRSP, which confirms
our first hypothesis of the higher the IX the higher the RWD. The second hypothesis was the higher the
immersiveness the higher the service prototyping experience, where this is confirmed in both the MRSP,
VRSP and ARSP, as they had higher IX and SPX ratings than PSP and MSP. The third hypothesis
concerned the service prototyping experience, where we hypothesized that the higher the immersiveness
the higher the efficiency. This could be confirmed as the SPX of MRSP had the highest experience
rating followed by the VRSP. This shows that MR offered the highest experience for the participants,
which also has the highest immersiveness rating. The fourth hypothesis constitutes that the higher the
service prototype effectiveness the more satisfying the service prototype experience, and this could be

confirmed also in the case of the MRSP, as its SPE and SPX ratings are the highest.

This shows that the participants found MRSP effective and also enjoyed using the SP form. ARSP had
also a high SPE rating; however, VRSP had a higher SPX than ARSP although it had a lower SPE. The
fifth hypothesis considers that the more satisfying the service prototype experience the higher the
intention to adopt, which is also confirmed in the case of MRSP, as the participants rated SPX and ItA
highly. The comparison of the results of the SP forms in regards to performance, and experience in each
of the SP forms (See Tab. 4.35). If we only focus and analyze the first sequence of each SP form, to be
able to precisely gauge the immersiveness as the participants will not have any experience with any SP
form, making the first contact and experience the most vital to capture their performance without
learning effect, and ratings without the bias of using another SP forms. The ratings represented in the
IX, RWD, SPE, SPX, and ItA constructs, and the performance epitomized in the average task duration,

errors calculations, explanations requested calculations, and participants’ attitude can be (See Tab. 4.34).
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The participants in each location behaved differently to the difference SP forms, this could be due to the
fact that each experiment location was situated in a university or academic institute campus, where the
volunteer participants are from different backgrounds but similar educations. This was unexpected, but
as it was found that the campus with more focus on immersive technologies rated the technologies in a
more critical manner and gave extensive feedback, but many of them were more interested in the
technology not the application or in that case the prototyping idea itself. While the other campuses that
concentrate more on engineering, IT and industrial solutions had ratings and feedback varied between
positive and few negative. There were few participants whom were overtly negative while being bearish
on the technology and process. While the rest that were positive on the technology and process and
understood the advantage of prototyping and immersive technologies application and even had some
constructive ideas for extensions or new ways to explore. This showed also in the results as the
participants from the more engineering campuses had better performance in efficiency and effectiveness,
while rating CSP higher than the immersive technology based campus. These metamorphoses of
educational background and experience in the experiment was expected but not the extent that was
noticed in the comparison between the campuses performance and rating results. This shows that
experience and background could be a factor in not only the usage of the immersive technologies, but

also its degree of adoption.

5.4. Outcomes Summary

The participants of the baseline experiment had insightful comments, even many of them had
recommend to use one or all the SP forms that was used in the experiment without prior knowledge of
them, which might indicate that these solutions might have been also the most appropriate ones. The
participants in each of the experiment location behaved differently to the diverse SP forms, this could
be due to the fact that each experiment location was situated in a university or academic institute campus,
as the volunteer participants are from different backgrounds but similar educations. This showed
unexpectedly in the ISP ratings results as it was shown that the campus with more focus on immersive
technologies rated the technologies critically and gave informative feedback, while the other campuses

ratings and feedback varied from very negative to very positive.

Table 5.1 Immersive SP Benefit and Drawbacks

Cybersickness (especially when using VR HMDs and less when

Effectiveness (faster task completion duration from ISP) T LS )

Efficiency (less errors and explanation request in ISP) Higher costs (HMD costs, Hololens costs, Software costs)

Initial adapting and learning process (Beginners might find it

More Satisfying eXperience (Higher SPX rating in ISP) e g o e VIR el AT sl i itog)
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Higher Acceptance and Adoption (ISPs ItA average ratings were
much higher than CSPs)

The benefit to cost ratio has to make sense for higher
management (Industrial focus group discussion)

Risk free training and learning processes (SP Experiment Comments
and Feedback)

Makes it easier to understand (SP Experiment Comments)

A better way of collaborating, exploring, and evaluating service ideas
(Industrial focus group discussion)

The results of the study show that there are many benefit and drawbacks for using ISP over CSP. The
benefits and drawbacks of immersion are already well documented in the literature. The summary of the
benefits and drawbacks are shown in Tab. (5.1) above. The benefits can be summarized in the (1)
effectiveness of the users completing a specific task, (2) efficiency of the user in completing a specific
task, (3) the higher experience provided when completing the task, (4) the higher acceptance and
adoption degree of using immersive service prototypes over conventional ones, (5) the ability to have a
risk free environment for training for a specific task, (6) the improved learning process induced from

using ISP, and (7) the ability to collaborate in an enhanced manner.

| XR Impacts On SP |

4 y y ¥

Exploration Efficiency Effectiveness eXperience Physical Physiological Monetary
Impacts Impacts Impacts Impacts Impacts Impacts Impacts
Risk-Free Reduced time- Less Errors Easier to Happier

Exploration spent Committed Leamn Participants

Better More Injury Free Higher Higher Usefulness
Performance Satisfying Training Acceptance
Improved Less Higher Fidelity Barrier-free Quicker Enhanced
Learning Explanation and Resolution Simulation Common Communication
Process Requests Understanding
Figure 5.2 XR impacts on SPs

The XR impacts structure was inspired by the prototype benefits work done by Medlej et al. (2017). The
initial adapting to XR technologies could be challenging at first, as it requires some sort of introduction
to the technology and effort to learn how to develop, implement, apply and even use. Cost-benefit ratio
could be an issue due to higher costs, as there are initial, devices, technology and training costs
associated with XR. However, it was noticed from all the personal contact with industrial companies
that industrial companies are recognizing the advantages of using XR in their processes, especially in
the service sector. The tendency to choose and use XR in representing and experiencing service was

also observed.
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The potential benefits of using XR in service prototyping (as represented in green in Fig. 5.2) in an
industrial context can be summarized as: (1) improve service idea exploration with stakeholders, (2)
enhance the ability to evaluate service idea through an enhanced experience, (3) expand the
communication mediums between the stakeholder to improve visibility and understanding, (4) risk free
training for internal service stakeholders even before the service really exist, (5) using it to improve on
learning process and increase knowledge absorption, and (6) create a better way of collaborating new
service ideas for exploring, evaluation and communication. There were also several drawbacks
(represented in red in Fig. 5.2) as: (1) higher initial effort in creating the XR field, simulation or
animation, (2) using XR also increases the design complexity, which might make the service
development process take longer, (3) XR knowledge and skills are required to develop and use XR
service prototypes, (4) cybersickness might occur to few users while using a XR device, and (5) the
initial investment in devices, hardware, and software might be high compared to conventional methods.
This research can be used as a guide for future industrial application, for the selection of SP forms

depending on the different attributes.

5.5. Comparing to Recent Studies

This study and its results could be compared to other SP studies, and immersive assembly studies as
well. The SP studies covered multiple facets of service prototyping. (1) exploring the definitions of
service prototyping (Blomkvist and Holmlid, 2010), (2) improving service processes (Oh et al., 2013;
Fukuhara et al., 2014), (3) testing Product-Service Systems (Exner et al., 2014), (4) utilizing it in a VR
simulation (Kwon et al., 2015), (5) experimenting an AR assembly guide (Bode, 2019), (6) testing
service processes (Peng et al, 2017), (7) evaluating service prototypes by using walkthroughs (Arvola
etal., 2012; Boletsis et al., 2017), (8) influencing transformational change (Kuure et al., 2014 ; Boletsis,
2018), and (9) use service prototyping for a mobile AR app (Satti et al., 2019). The studies found in the
literature varied from quantitative studies, and qualitative studies, while most of the studies found were
qualitative. The immersive service prototyping studies where authors compared different forms of
prototyping was also found recently (Satti et al., 2019; Bode, 2019), however no study was found that
compared 5 different SP forms with each other. Also there was no study found that used mixed methods

to verify their results, and explain their quantities results, or to validate their qualitative results.

Table 5.2 Service Prototyping Studies
Studies Research Approach Findings Reference
According to the interviewed service design experts, it might be )
Blomkvist
Service Prototyping | Qualitative (expert | challenging for service prototyping to be successful at the moment; but 4 Holmlid
an olmli
Definition interviews) there is potential in the not yet fully formed application of service 2010
prototyping.
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Service Walkthrough

Qualitative (case study)

Suggested that service walkthrough can be utilized to evaluate service
prototypes. It also reveals information about user’s practical and

experiential issues.

Arvola et al.
2012

Car self-sales service

Qualitative  (usability

use case)

Introduced a VR 3D service scene that automatically or semi-
automatically models on a 3D screen in response to the participant’s
actions. Self-service processes, service activities, and service scenes

represented in VR.

Ohetal. 2013

Qualitative (interviews,

Suggested that service prototyping can be an influential tool in

transformational change, and in encouraging facilitation and team work.

Kuure et al.

SINCO Methods ) . )
and use case data) The co-creation prototyping approach enables a technology-aided | 2014
learning process and supports experiential learning.
Suggested that a comparison to other possible prototyping approaches is
PSS Lifecycle o missing. Introduced the idea of using paper-based and other low fidelity | Exner et al.
4 Qualitative (case study) . ) . . ) o o
Testing prototyping techniques combined with service engineering validation | 2014
aspects allowing an early, fast, low cost and iterative testing of PSS.
Confirmed that managers and employees were able to understand their
) o ordinary processes, make plans for improving their processes by using
Service  Processes | Qualitative (case study ) ) ) ) Fukuhara et
L ) the service prototype suite. Improved their observed service processes as
Optimization experiment) . . » o al. 2014
there was an increase of the stay ratio of a waiting staff in dining areas
and the number of additional orders.
Suggested that 3D VR based test-bed is an effective tool at the stage of
) service prototyping. Introduced practical methods for service prototyping
S-Scape Service L . o L . Jung Bae
) Qualitative (case study) | in actual duty-free shop. Proved validity and practicality of the service
Prototyping ) ) ) ) 2014
prototyping methods through target service analysis rather than optimal
alternative selection.
Aimed to evaluate the servicescape design of a Duty-free Shop in a
Evaluating Qualitative research by | systematic manner to visualize various options for the servicescape K |
won et al.
Servicescape using case study, and | design. Supported the relationship between servicescape design, 2015
Designs user feedback customer perception, and the VR-based laboratory experiment
effectiveness for evaluating servicescape design.
Quantitative o ) )
) . ) . Showed that the participants (doctors) are satisfied with the 3D app
3D Multiple Medical | (consultation scenario Peng et al
. ) system. Suggested that the system can be a helpful health technology for
Imaging System survey with 30 2017
o future healthcare.
participants)

Virtual Body-

storming Cognitive

Qualitative (case study)

Showed that the virtual body-storming method can be used for

prototyping services that include human interaction and spatial aspects.

Boletsis et al.

2017

Walkthrough
o Found that the performance of the VR service walkthrough method is
) ) Quantitative “42 | . ) o
Prototyping Service o similar to that of the service walkthrough method in communicating the )
participants survey ) ) . ) ) Boletsis 2018
Journey ) service concept but in an immersive way that fosters constructive
after experiment)
feedback
Mixed methods
approach .
. . . Introduces the User Experience Measurement Index, and the results of .
Mobile AR  App | (questionnaires, ) ) . ) ) Satti et al
_ ) ) using a mixed method UX evaluation approach for evaluating a Mobile
Evaluation physiological sensors, . ) 2019
AR App prototype using various methods and sensors.
and performance
evaluation)
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Quantitative ) . ) )
Indicated that an AR guidance system is excellent, and it would be
Evaluation of an AR | (comparative
accepted by new users based on the user experience they offered and the | Bode 2019
Assembly Guidance | experiment in  an o ) )
subjective meaningfulness and quality of feedback they produced.

industrial setting)

A table with all the relevant SP studies was constructed to give an overview on the research approach
and findings of these mentioned studies as shown in Tab. (5.2) above. Blomkvist and Holmlid (2010)
informs through their qualitative in-depth interviews study that using SP in organizations showed
potential but still might prove challenging to implement. Our study aims to increase the awareness of
definitions of different service prototyping forms, and to define the service prototyping experience as
well. Arvola et al. (2012) suggests over qualitative case studies that using immersive technologies
evaluate service prototypes reveals more information about practical and experiential user issues, which
confirms with our findings as well. Other researchers took also qualitative approach and proposed that
a 3D VR based test environment prototype is an effective tool for service prototyping (Jung Bae, 2014;
Kwon et al., 2015), which also confirms with our results and consideration on VRSP. Some qualitative
studies also suggested that service prototyping can be a powerful tool for organization transformational
change and could be used as a strong peer-to-peer learning and communication process as suggested by
Kuure et al. (2014), which also confers with our characterization of service prototyping as a powerful
communication tool. Exner et al. (2014) conducted a qualitative case study that suggests that a
comparison to other possible prototyping approaches is missing, and that a combination of low and high
fidelity techniques would be a cost beneficial way to test a product-service-system. Fukuhara et al.
(2014) conducted a qualitative study by using MR for service process optimization, which resulted in
confirming that stakeholders were able to understand their ordinary processes, make plans for improving

their processes as they used the MR visualization, which also confirms with our experiment results.

Peng et al. (2017) conducted a quantitative study by using VR service prototype in consultation; which
shows that stakeholders were satisfied with the prototype, and this suggested that it can be a helpful for
future utilization in the field, this was also confirming to the results we had in our experiment and study.
Boletsis et al. (2017) and Boletsis (2018) conducted two qualitative studies to evaluate the user
experience and quality of feedback by using VR and AR prototypes, the research suggests that the AR
prototype could be considered to be suitable for prototyping services that include human interaction and
spatial aspects (Boletsis et al., 2017), while the VR prototype gave a performance similar to that of the
conventional one, but communication of the service concept in such an immersive way fosters
constructive feedback (Boletsis, 2018). Bode (2019) examines the evaluation of an AR assembly
guidance system in an assisted manufacturing context with a quantitative experiment comparative user
study. The majority of the other research results suggested that AR based guidance systems are excellent,

and would be accepted by new users in the industry, which also confirms our knowledge of the industrial
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acceptance as seen in the focus group interview or the acceptance from the professionals in the

experiment.Table 5.3

XR Assembly Studies Description

XR Assembly Studies Findings Reference
Comparing VR and AR, engineering drawing, and paper | VR and AR were found to out-perform the 2D engineering | Boud et al.
assembly plan as a training tool for assembly tasks drawing 1999

Comparing blueprints, non-immersive desktop, and an
immersive VR environment to examine the effectiveness

of the learned skills

On average participants using immersive and non-immersive
VR outperformed the ones using blueprints by 50% of

assembly completion time

Banerjee et al.

1999

Comparing task completion in a VR environment and a

VR can be compared to a similar experimental task in real

Whitman et

real environment environment if it involves only measuring movement ranges | al. 2004
Compared AR assembly guiding system with a printed

manual, computer assisted instructions using a monitor | AR reduced the assembly task error rate by 82% Tang et al.
and using a HMD 2004
Comparing performance of an AR-based method usinga | AR-based method can provide an efficient way for assembly | Yuan et al
monitor and a HMD guidance 2008
Comparing AR assembly guidance with a paper manual | AR is more suitable for complex tasks, where in simple task | Wiedenmaier
and a verbal expert tutorial the performance didn’t differ significantly et al. 2009
Comparing between desktop VR, desktop stereo VR and | The complexity significantly impacts the performance in | Strobel and
a paper-based approaches in regards to performance, | regards to the completion time, and that the representation | Zimmerman
completion times, and accuracy benefits the accuracy. 2011

Comparing AR prototype guiding system against a paper
based

The AR system yielded better results, and the beginner
assemblers’ learning curve of was reduced and task

performance was increased

Hou et al
2013

Comparing VR training and traditional physical training

on the effectiveness for learning transfer

Physical training outperformed virtual training; however,
after two weeks the VR trained participants improved their

assembly completion durations

Carlson et al.

2015

Evaluating MR potential for delivering assembly

instructions, by using a proof of concept prototype

The Hololens is promising, but still areas require

improvement before it is ready for factory assembly

application

Evans et al.

2017

Evaluating MR guidance system for manufacturing

assembly

The guidance system performs well in a real manufacturing

scene

Solving 3D burr puzzles comprised of virtual and
physical training elements, with VR, paper and video

based instructions

There were no significant differences between VR training

and the best performing physical training in performance

Teng et al
2017
Murcia-Lopez
and Steed
2018

Comparing role of different visual cues in immersive VR
setting and a non-immersive environment in regards to

user’s performance performing manual assembly

Immersive VR training might be faster and more accurate

than training on a 2D screen for specific tasks

Dwivedi et al.
2018

information effectiveness and quality

Comparing VR training or a traditional paper | VR users were on average slower and less successful at | Barkokebas et
instructional manual for assembly completing the task al. 2019
Comparing an AR with a traditional paper instructions | AR guidance is a far better choice than the traditional one, Bode 2019
ode
systems in terms of effectiveness and usability and it had also a high user acceptance
o ) ) AR instructions have a strong visual stimulation ,resulting in
Examining the impact of AR assembly guidance on four ] . Wang et al
o . longer task related attention span, and increased the
visualization technologies 2020
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Compared MR Hololens assembly guide with desktop, . .
The use of MR led to a time saving of 16% over the tablet | Hoover et al.
tablet and tablet AR instructions in regards to completion
AR, and had lower error rate as well. However MR had a | 2020
time, error count, and score .
lower UX rating than the Tablet AR one

The XR assembly studies were also scarce as shown from the literature review results (see Figure 2.7),
where most of the studies involved AR technology for either assembly guidance or interactive
instructional manual. Several studies compared between different forms of instructional manuals,
comparing traditional (paper, video) with immersive ones. A list of the most relevant studies is listed in
Tab. (5.3) above. Boud et al. (1999) compared different training tools for assembly tasks (VR, AR,
engineering drawing, and paper assembly plan); and found that VR and AR out-performed the 2D
engineering drawing. Our results also confirm the results of this study, as VRSP and ARSP out-
performed PSP. Banerjee et al. (1999) compared the effectiveness of blueprints, non-immersive desktop,
and an immersive VR environment to increase assembly skills; and found that immersive and non-
immersive VR outperformed blueprints by a decrease of 50% in the assembly completion time. Our
study also confirms with this study, as we saw a decrease in assembly time in the ARSP and MRSP
compared to the PSP and MSP. Whitman et al. (2004) compared the experience of task completion by
using VR and real environments and found that the experience can be compared if it involves limited
movement ranges. Our study also agrees with this study, but as the technology evolved so much in the
recent years, we can even say it gives a better experience than the real environment when using high
end HMDs and haptic devices. Tang et al. (2004) compared AR assembly guiding system with a printed
manual, where it was shown that AR reduced the assembly task error by 82%. Our study showed that
ARSP task completion error rates were actually higher than the PSP, but the MRSP had a much better
error rate than the other SP forms. Yuan et al. (2008) compared the performance of an AR-based
assembly method, which showed that it can provide an efficient way for assembly guidance. Our study
confirms with this one, as the results showed that ARSP was efficient in completing the task.
Wiedenmaier et al. (2009) compared AR assembly guidance with a paper manual and a verbal expert
tutorial, where the results showed that AR is more suitable for complex tasks. Our study shows that
using an SP even for a simple task can effect greatly the performance and experience, and that ARSP

was also the second most efficient after MRSP.

Strobel and Zimmerman (2011) comparing performance (completion times, and accuracy) of desktop
VR, desktop stereo VR and a paper-based approaches, which showed that the task complexity
significantly impacts the performance. Our study also agrees with the study as it was observed from the
participants’ that they thought that ISP is more suited for more complex tasks. Hou et al. (2013)
comparing AR prototype guiding system against a paper based, as it showed that the AR system yielded

better results, with reduced beginner learning curve and increased performance. Our results also confirm

190



that AR offers a great way for beginners to learn and it also showed that there is an increase in
performance compared to the conventional forms. Carlson et al. (2015) compared the learning transfer
effectiveness of VR training and traditional physical training, where actually physical training
outperformed virtual training; but after two weeks the VR trained participants improved their assembly
completion durations. Our results show that the participants that used VRSP had a longer level of
knowledge retention than the other participants, but as we didn’t have any physical form we can’t
confirm the other parts of the results. On one hand, Evans et al. (2017) evaluated MR potential for
delivering assembly instructions, result showed that Hololens is promising however still require
improvement before it is ready for industrial application. On the other hand, Teng et al. (2017) evaluated
MR assembly guidance system, as it performed well in a real industrial scene. Our research confirms
also the MR could be well used in an industrial assembly process, and with small improvements it would
be ready for industrial application. Murcia-Lopez and Steed (2018) compared assembly performance
while solving a 3D puzzle by using VR, paper and video based instructions but found were no significant
differences between VR training and the best performing physical training in performance. Dwivedi et
al. (2018) compared user’s manual assembly performance in immersive VR and a non-immersive
environment in regards to the role of different visual cues, which showed that immersive VR training
might be faster and more accurate than training on a 2D screen for specific tasks. These results confer

with our results as well, as the participants using ISP performed better than the participant using CSP.

Barkokebas et al. (2019) comparing VR training and paper instructional manual for assembly, showed
that VR users were on average slower and less successful at completing the task. Our results paint a
different picture, as VRSP performed better than when using PSP, and committed less errors while doing
it. Bode (2019) compared the effectiveness and usability of AR and traditional paper instructions
systems in an assembly industrial setting, as it showed that AR guidance is a far better choice and a
higher user acceptance. These results are confirmed also from our results, as participants using ARSP
had a better performance, experience and acceptance than while using PSP. Wang et al. (2020) examined
the impact of AR assembly guidance, and they found that AR instructions have a strong visual
stimulation resulting in longer task related attention span, and increased the information effectiveness
and quality. These results also match our results with the use of ISP and especially MRSP, which is a
more visual version of the ARSP. Hoover et al. (2020) compared the completion time, error count, and
score of MR Hololens assembly guide with desktop, tablet and tablet AR instructions, where the use of
MR led to a time saving of 16% over the tablet AR, and had lower error rate as well. These results also

seem to confirm with our results however the time saving led by MRSP over ARSP was only 3%.
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5.6. Contribution to the Body of Knowledge

This study differs from the other studies as it uses both the qualitative and quantitative research methods
as all other similar studies either used qualitative or quantitative methods. The quantitative results of the
experiment are statistically valid as it was conducted with more than 100 participants, in comparison to
the quantitative use cases found in the literature whom had much less participants. This study was the
first investigation to have a comparison of five different forms of service prototypes, and also a
benchmark experiment to compare not only the performance in regards to the efficiency and
effectiveness, but also the immersiveness factor, the user experience and user acceptance. The study has
also industrial application and will be utilized as a guide for future industrial experimentation. We had
several discussions with college researchers who were interested in our research, and we had also several
industrial workshops and discussion, which reflected the industrial interest in service prototyping. We
also have been invited to publish several chapters in service centric academic books, and we published
anew book on multidimensional service prototyping. We have also published several conference papers,
and journal papers, which had relative success from number of reads, and citations. We feel that the
research in the service prototyping aspects and application is still in the growing phases. This study adds
to the literature a concrete depiction of the immersive technologies impacts on service prototypes and
the user experience. The study also offers service researchers a service prototyping framework and
model, which could be further utilized and optimized. This research aims to increase awareness of

immersive service prototyping forms and their impacts, advantages, and drawbacks.

Table 5.4 Relevant Service Prototyping Research Domains
SP Domains References
Process optimization Exner et al. 2014 ; Arvola et al. 2012, Fukuhara et al. 2014
Design improvement Kwon et al. 2015 ; Peng et al. 2017
Methodology Blomkvist and Holmlid 2012; Kuure et al. 2014, Blomkvist 2014, van Husen et al. 2016
Training Jung Bae and Seong Leem 2014, Boletsis et al. 2017
Comparisons Arvola et al. 2012, Peng et al. 2017, Boletsis 2018, Bode 2019, Satti et al. 2019

We have identified several service prototyping research domains that are relevant for our research. These
SP research domains are shown in Tab. (5.4) above with the most relevant publications in each of the
domains. This study adds to the literature as it was the only study to use both quantitative and qualitative
mix methods research approach, and use a comparative experiment with more than 100 participants to
validate the proposed model. The results confirm with the literature found, as all of the qualitative and
quantitative studies came to similar conclusions and findings. The study was also the first study to
compare five different SP forms in regards to performance, eXperience, intention to accept and adopt,
and user attitude. The study also added to the body of knowledge new definitions (see Table 2.15 for
full definitions).
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The study also characterizes service prototypes into two forms: Conventional Service Prototypes (CSP),
Immersive Service Prototypes (ISP). The study results indicated that SP forms impacts SP attributes,
purposes and activities, which can be seen in the effects on the following attributes. (1) In regards of the
fidelity attribute, the CSP tend to have low to medium level of fidelity, while ISP had a high to very
high level of fidelity. This indicates that ISP could deliver a higher level of service detail and
functionality built into the prototype. (2) Considering the resolution attribute, CSP tends to have a low
to medium level of resolution, while ISP tend to have a high to very high level of resolution. This
indicates that ISP will offer a higher degree of resemblance of the prototype to the final service design.
(3) Looking at the effort attribute, CSP tends to have low to medium level of effort, while ISP has a high
to very high level of effort. This shows that ISP uses more organizational resources to complete, explore
and implement the prototype than CSP does. (4) When considering the interactivity attribute, CSP tends
to have low to medium level of interactivity, while ISP has a high to very high level of interactivity.
This indicated that ISP has a higher degree to which the user can interact with the prototype in a freer
and a more fluid manner. (5) In regards to the UX attribute, CSP tends to have a low to medium UX
level, while ISP has a high to very high level of UX: This indicated that ISP offers a higher perceptual,
emotional, and cognitive experience than CSP, and also has a higher level of response to the anticipated

use of a prototype.

5.7. Contribution to Industrial Practices

The participants of the industrial workshop and focus group were also interested in learning more about
service prototyping and its applications in their corresponding projects. The asked questions about how
to use service prototyping for developing service prototypes, introducing new services into new markets,
and applying service prototyping for training concepts. They also wanted to get more tips for the
application and use of immersive technologies in their service project, especially about the evidencing
and reasoning to why to use them. Another big part of their questions was about costs, whether initial
costs of the hardware, software and training. The participants also indicated that they have higher
technology adoption degree of service prototyping and immersive technologies after the industrial
workshop and focus group discussion. The comments of the participants (see Table 4.37) were also a
great insight to the focus of industrial organizations and their acceptance of service prototyping and

immersive technologies.

The impacts at Liebherr can be directly seen, as they hired two new employees, one for service
prototyping processes and another for immersive technologies projects. This shows that a large company
like Liebherr can adjust in agile manner in innovating their service development and delivery process to
adapt with new processes and technologies. They are using and implementing service prototyping for

developing new services, even a manager at Liebherr mentioned that “Service Prototyping is one of the
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future focuses of Liebherr”. Liebherr also thinks that SP is efficient and effective for method for
developing new industrial services, one employee even mentioned “Early feedback, early mistake makes
a better experience afterward”. Liebherr are also working closely with the Furtwangen University on
collaborative industrial service prototyping and immersive technologies students’ projects. Every
semester we have a service prototyping or immersive technologies collaborative project that engages
the students and the employees of Liebherr in collaborating on completing a project to be used later by

the company in developing, implement and delivering new industrial services.

Table 5.5 Service Prototyping Purpose, Activity in Relation to SP Forms
Purpose Activity Task SP Fidelity Resolution | Effort Interactivity | UX
Low- Low-
CSP Low-Med Low-Med Low
) Med Med
Brai ) Collecting
¢ rainstormin,
Exploration g Ideas High-V
ISP High High . High High
High
Low-
CSP Low Low Low-Mid Low-Mid
Decision Med
Testing )
Making High-V High-V High-V High-V
ISP . . . High-V High )
High High High High
Evaluation Tow- Tow-
CSP Low-Med Low Low-Med
Feasibility Med Med
Demonstrating )
Analysis High-V High-V High-V . . High-V
ISP . . . High-V High )
High High High High
Low-
CSP | Low Low Low-Mid Low-Mid
Med
Learning Training
High-V High-V High-V High-V
ISP . . . High-V High )
High High High High
CSP | Low Low Low Low-Med Low-Mid
Interacting Informing High-V High-V
ISP High High High-V High
High High
Communication
Low- Low-
Decision- CSp Low-Med Low-Med Low-Med
Med Med
Integrating making,
o High-V High-V High-V ) ) High-V
Training ISP . . . High-V High .
High High High High
CSp Low Low Low Low Low
) Time
Planning High-V . High-V . . High-V
Management ISP High High-V High
High High High

As there are different effects for each of the SP forms, there is a best suited form for every service
purpose and activity but also depending on each organizations’ requirements, needs, and attributes as
shown in Tab. (5.5). The table shows the following grading where Low represents lower capability of
the specific attribute, Med represents medium capability of the specific attribute, and High represents

high capability of the specific attribute The study illuminated the XR impacts on the industrial
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application of service prototyping including of: (1) exploration impacts (risk free exploration, improved
learning process, better collaboration), (2) efficiency impacts (faster durations, higher usefulness, better
performance), (3) effectiveness impacts (less errors, less explanation requests), (4) eXperience impacts
(better learning, more satisfying, higher acceptance), (4) physical impacts (cyber sickness, injury free
training), (5) physiological impacts (happier participants, easier to understand), and (6) monetary

impacts (higher investment cost, higher usefulness on the long run, training costs).

The impacts on work practices could be summarized into: (1) the use of service prototyping supports
the service development process, where the results add to knowledge for selecting and using service
prototype forms, (2) it is important to know when to implement which service prototype form as
immersive service prototyping processes may require more organizational resources but they also
produce a better representation of the future service, (3) according to the organizational purpose, and
objective different forms are to be implemented conferring to the desired fidelity, resolution, and effort,
(4) exploring service ideas with service stakeholders is vital in the service development process, and by
using ISP stakeholders can have a better eXperience, (5) SP supports the exploration, evaluation and
communication of service ideas; through the use of service prototyping process instead of just learning
about it in the traditional service design processes, (6) communicating service concepts to internal
stakeholders can be improved greatly by using service prototyping as they can be integrated in service
training even before the service exists, and (7) The results showed that using ISP in assembly process

whether in training before the assembly guidance or learning by doing on the job is beneficial.
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6. Conclusion

6.1. Concluding Remarks

The purpose of this study has been fulfilled in recognizing, assessing and categorizing the impacts of
XR technologies (VR, AR and MR) on service prototyping and prototypes. The research objectives have
been tackled with research questions, hypotheses, and model. The lack of empirical studies on ISP and
also on comparing CSP and ISP as well as model was revealed by the literature review. The SP research
model and hypotheses were elaborated and validated through statistical analysis. Regarding the findings,
the UX survey results show that participants preferred ISP forms rather than CSP forms, which confirm
our expectation. Furthermore, findings also display that there are still some challenges in using
immersive technologies like cybersickness that cannot be simply ignored and neglected. Results also
reveal that the more appropriate SP solution could reside in combining two, or eventually more, SP
forms depending on the service complexity and strategy, as ISP and CSP offer different benefits while
bringing some unavoidable drawbacks and different costs as well as outcomes. Nonetheless, it appears
that, due to investment costs, CSP forms might be more appropriate for the early stage of service co-
creation when describing a new service idea. However, if the initial investment is already budgeted for
another service and the XR devices are already there, then co-creation by using ISP could induce more
and better ideas and feedback from the service stakeholders. Ideally speaking, ISP forms could be
considered more suitable for the later stages of less complex services or at the earlier stage for more
complex services that require multiple dimensional prototyping. Beyond the findings, one could
conclude that the best approach could be a combination of both CSP and ISP forms for the service
prototyping and development process as it adds many beneficial elements, like an improved experience,
an enhanced understanding and a higher degree of acceptance, to the process. On one hand, CSPs might
be more appropriate for non-complex or short service scenarios in order to save costs and time in the
prototyping process. On the other hand, ISPs necessitate a significant financial investment for buying
the necessary immersive equipment and personal effort for implementing immersive prototyping

solutions while they are more appropriate for multi-dimensional service processes.

Lately, several recent studies on ISP in the context of assembly in the industrial service sector (2019
and 2020) were identified and compared in terms of results in the discussion chapter. Other recent
studies also demonstrate the service industrial interest with ISPs starting to be used in several industrial
and manufacturing organizations as it gives to the service stakeholder many benefits: (1) anticipating

the degree of satisfaction of their user experience of the service while it does not yet exist; (2) evaluating
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the performance of the service, even before it exists; (3) identifying the potential drawback of the
service; (4) bringing more feedback from service stakeholders, and (5) contributing through
improvement in the overall experience. Clearly, it is likely to use CSPs in the early stage for roughly
presenting a new service, combination with ISPs used to experience the whole service scenario before
it even exists, optimize the service process, and evaluate user interactions. In brief, the ability to foresee
a new service scenario requirement, experience, and outcomes before it gets created or implemented is
vital in creating the best service experience. A vital aspect in selecting the most appropriate SP form for
the task is that it has to be adjusted to the purpose and activity set by service stakeholders and in the
appropriate fidelity, resolution, and effort levels. This dissertation could be used as a guide to help
researchers, and service designers in selecting service prototyping form for their service communication
processes. This work could be considered as explorative study, as it is the first study to compare several
conventional and immersive prototypes while using a mixed approach of qualitative and quantitative
research methods. This study also represents the state of art in the immersive and conventional service

prototypes research.

6.2. Future Work

The next step is to continue onto the research on service prototyping industrial applications, and continue
in exploring new industrial applications. We are currently working on extending the SP model to include
smart service prototyping, and include the data dimension into the service prototyping dimensions. [ am
continually improving the SP forms definitions, processes, and applications according to the latest
research results; and will continue experimenting with the different SP forms to create an extensive
study on the forms that are most appropriate for each service application. The objective is to introduce
and familiarize service prototyping to a wide range of industrial organizations, where it will be applied
in real service creation while it could be studied for further development. The work on service
prototyping continues also through my current role within the service competence center at the
Furtwangen University, as the project work is funded by the Baden Wiirttemberg Ministry of Research
and Education. My role is to use our lab and our knowledge in service prototyping, especially immersive
ones, to demonstrate the added value of smart services against normal one. The research involves
interacting with industrial SMEs in the region to support them in innovating their service offerings and
introduce the benefit of using service prototyping and immersive technologies. There is also a research
project planned with industrial and academic partners to use service prototyping for an industrial AR
assembly guidance system. This funded project will span over 4 years and will include constructing a

XR service prototyping Lab at the Furtwangen University.

This work is also continuing in the direction of industrial applications, as more focus will be on the

implementation side, and less on the theoretical side. A suggestion for future research is to investigate
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the effects of other emerging technologies like smart and remote technologies on service prototyping
and the stakeholders’ capability to explore, communicate, and evaluate. The research on applying
service prototyping for development of industrial services is increasingly indicating industrial interest
and acceptance. Service prototyping is a novel process that serves the purpose of creating an experience
of a service before it exists, which opens a lot of possibilities for service development. The co-creative
process of service prototyping allows the service designers, service operators and customers to get

together and work towards finding the most appropriate method to deliver the service.
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