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Abstract

This research pertains to the literature streams on service management and on technolo-
gy-driven innovation. The reference context is a company that provides services to support
manufactured products and industrial equipment along their working lives (i.e., industrial
services) especially in B2B industries, irrespective of this company is directly the manufac-
turer through a service division or a service firm. In particular usually the service provision is
regulated by contracts in which the provider needs to be compliant with strict service level
agreements, e.g. related to product availability, time to recovery, etc. However, as far as
installed bases of the equipment become more complex to be served and scattered over a
vast territory, the field force can seldom be conveniently kept trained to be skilled to cope
with any situations that might arise. For this reason, service organisations are used to deploy
the field force with the intent to centralize the most skilled and experienced personnel.
Therefore, since field technicians are not always adequately trained and/or skilled, to do
their job at their best they need to receive support, to access information, data and docu-
ments in several circumstances. From these considerations it follows that the sharing of
knowledge among dispersed technicians is crucial. To this concern, recent advances of In-
formation and Communication Technologies (ICT) are expected to play a crucial role in fa-
vouring information and knowledge management in service networks, and, among the oth-
ers, the adoption of Augmented Reality (AR) is expected to have a great impact on field force
productivity. Since AR is an emerging technology, the literature is still lacking of studies that

address the impacts of its introduction to support field service networks. Therefore, this the-



sis aims at filling this gap. In particular, this overall goal is decomposed in three sub-
objectives as follows. Firstly the selection of the adequate AR system to be adopted to satisfy
specific service needs is clarified. In particular, based on a thorough literature review on both
AR systems and the classifications of industrial services, a typology that categorizes the dif-
ferent AR systems according to three dimensions is presented and three kinds of AR applica-
tions that can be leveraged to support industrial services (i.e. three patterns) are identified
and discussed.

Secondly, the impact of AR on the delivery of industrial field services is addressed. For
this purpose the studies focused on Pattern 1, i.e. on a particular kind of AR, named Mobile
Collaborative Augmented Reality (MCAR) that resulted particularly suited to support remote
communication between product specialists and field technicians when unforeseen prob-
lems arise. Within this context, three explorative case studies were performed involving both
a company that is not using MCAR and two companies that, instead, have introduced MCAR
to support their field service networks. From these cases several insights into the expected
benefits and efforts, the stages of adoption and the feedbacks were achieved and two areas
of improvements for companies that are willing to adopt MCAR are identified and discussed.

Finally, if the previous part was purposed to identify the managerial implications related
to MCAR adoption, this last one is focused on understanding the end users’ perceptions of
usefulness and ease of use of MCAR and their intention to use it. Even in this case the study
is focused on Pattern 1. Based on Technology Acceptance Model literature, a novel model
named ARTAM (i.e. Augmented Reality Technology Acceptance Model) has been developed
and validated against the survey of three companies whose field force were selected as test
benches.

The results of this thesis represents a valuable contribution both for scientific and indus-
trial world since provide new theoretical models such as AR typology and ARTAM as well as
managerial implications of AR adoption, useful for managers interested in adopting this

emerging technology
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Chapter 1

Introduction

This chapter introduces the research problem describing several background phenomena
that have inspired this study. Then, the scope and the research questions are formulated,
followed by a discussion on the relevance of this study. Finally, the research strategy adopt-

ed and the structure of the dissertation is described.

11 Research background and objectives

“The service revolution and the information revolution are two sides of the same coin”
(Rust, 2004)

This study stems from two main research streams: the servitization phenomenon in
which manufacturing companies are integrating their product-based offering with more and
more services and the impact of information and communication technologies (ICT) on or-
ganizations and in particular on service delivery systems. The rest of this section, thus, aims
at introducing these broad concepts in order to better understand the rationale and the rel-

evance of this study.

111 The servitization paradigm - the relevance of services in OEM'’s offering

Within a globalized market, original equipment manufacturers (OEMs) need constantly to

face off global competition, socio-economic progress and shortening of product innovation



cycles. In addition, in order to respond to competitors from developing countries that can
provide product at lower cost, OEMs need to differentiate their offerings increasing the val-
ue for their customers. For this purpose OEMs, and in particular those producing complex
products that require life-long support (Voss, 2005), are shifting from their traditional busi-
ness based on the sale of industrial product to the provision of an offering composed of
products and services (Wise and Baumgartner, 1999, Gronroos, 2008, Schmenner, 2009,
Meier et al., 2010, Tan et al., 2010). This shifting is depicted in the extant literature through
various terms such as “servitization” (Vandermerwe and Rada, 1988, Baines et al., 2009),
“transition from products to services”(Oliva and Kallenberg, 2003), “product-service system
(PSS)”(Tukker, 2004), “moving towards high-value solutions, integrated solutions and system
integration” (Davies, 2004, Windahl and Lakemond, 2010), “manufacturing/service integra-
tion” (Schmenner, 2009), “service business orientation” (Homburg et al., 2002, Antioco et
al., 2008).

This strategy is proven to increase the firm’s competitive advantage (Slack et al., 2004) as
well as revenues and profits (Cohen and Whang, 1997). Integrated offerings, in fact, aim to
create more value in use to the customer than if the product or the services were delivered
separately (Shankar et al., 2009) and to establish a long-term relationship with the customer

even in the equipment use-phase.

However, to accomplish this goal, the integrated service has to be effectively designed
and provided in conjunction with the product, according to customers’ expectation in term
of quality, value, performance, etc. (Rapaccini et al., 2012) and requires a relevant transfor-
mation of the business model that involves organizational principles, structures and process-
es (Neely, 2008, Visintin, 2012). In addition, since PSS offering that includes both product-
oriented, user-oriented and result-oriented PSS (Baines et al., 2007), values asset perfor-
mance or utilization rather than ownership, this new business model involves a transfer of
risk, from a customer to a service provider, and OEMs are looking for ways to mitigate those

risks.

Despite OEMs are proven to possess solid knowledge about product engineering and
production processes, they seem rather weak in providing services, i.e. in designing and op-
erating service systems (Neu and Brown, 2005). In addition, usually OEMs provide these ser-
vices in compliance with “full service contract” based on service level agreements (SLAs) that
specify for instance time to response, time to repair and percentage of overall availability of
the product. Therefore, the design of an efficient and effective service delivery system is

more complex and challenging. In this scenario where several actors (e.g. service providers,



spare parts supplier, industrial customers, etc.) are generally involved, besides the OEM, in
the delivery of services, information management across these networks is proven to be a
critical success factor (Johnson and Mena, 2008) and, therefore, ICT that enable information
exchange are essential for the servitization journey (Alonso-Rasgado et al., 2004, Neely,
2008). ICT, in fact, as stated by Kowalkowski et al. (2013), are a catalyst for service business
orientation, and OEMSs can use those technologies to pursue a differentiation strategy
through services, both SSP (i.e. services that support the OEM’s product such as mainte-
nance and repair) and SSC (i.e. services that support the customer’s action in relation to the

OEM’s product such as training or consulting services).

In particular, on one side, technologies such as telemetry, condition monitoring, diagnos-
tic and prognostic systems and others that entail to the wider paradigms of e-maintenance
(Levrat et al., 2008) and of the Internet of Things (loT) (Atzori et al., 2010), are more and
more used to catch real-time data from the installed base (IB) (Ala-Risku, 2009); on the other
side CRM systems, help desks/hotlines, etc. enable OEMs to achieve information from cus-
tomers. Therefore, in both cases, this information can be leveraged for triggering business
opportunities and initiating different processes, such as ordering spares, delivering field-
intervention, planning routine maintenance, reporting performance analytics, forecasting

service demand, scheduling resources, etc.

Even if the servitization paradigm emphasized the relevance of ICT in solving the infor-
mation need of OEMs, the importance of technologies within organizations is a well-known
topic in literature. Before deeply examining the role of ICT in service delivery, thus, the main
perspectives related to the role of technologies within organizations are briefly introduced in

the next sub-section.

11.2  The relevance of ICT in companies

Nowadays, the scientific community agrees that ICT have a primary role in the value crea-
tion. However the ways through which value is created can be different. In particular, three
main theories can be identified: value-based view, resource-based view and business trans-
formation view. According to the value-based view, ICT are a source of competitive ad-
vantage. The competitive advantage can be realized through the determination of a cost
differential or through the differentiation of company’s offering from competitors’ one.
Hence, several authors (Porter, 1980, Porter and Mlllar, 1985, Porter, 2001, Andal-Ancion et
al., 2003) claim that ICT are a source of competitive advantage and can affect several pro-

cesses: at functional area level, ICT shift the traditional manufacturing, sales and procure-



ment function to e-manufacturing, e-commerce and e-procurement; at level of internal or
external relations, ICT favour the exchange of information and coordination between differ-
ent actors such as suppliers, customers and partners; and, at level of supply chain structure,

ICT can influence make-or-buy decisions or if insourcing or outsourcing some processes.

Conversely, according to the resource-based view, ICT represent the key technologies
through which it is possible to determine a cost differential or a unique offering but they not
represent directly a source of competitive advantage (Dierickx and Cool, 1990, Hamel and
Prahalad, 1994). According to this theory, in fact, the competitive advantage ensues from
the set of unique resources/competences that the company has developed through a com-
plex learning process. Therefore, ICT enable the creation, development and dissemination of
this knowledge. In fact, the data became knowledge through ICT: firstly the data is gathered
and analysed (data-mining) and becomes information; then, this information is made availa-
ble for knowledge workers that, using it for their purposes, produce knowledge. Several au-
thors highlight this strategic role of ICT: according to Bharadwaj (2000) and Sengupta and
Masini (2008) ICT are key resource/skill, McAfee (2004), instead, states that ICT are the
technologies that contribute to the creation of key resource/skill and, Womack et al. (1990)
and Muzyka et al. (1995), finally, consider ICT as the technology that support the learning

process of organizations.

Finally, the business transformation view states that ICT enable organizational change,
continuous improvement and innovation cycle (Lillrank and Kand, 1989, Garvin, 1993,
Goldman et al., 1995, Ghoshal and Bartlett, 1996, Dove, 1999). Usually managers combine
organizational/cultural change projects with new technologies introduction projects. The
introduction of ICT, in fact, requires a business transformation and, in particular, since ICT
empower people in the organization, processes, roles and ownerships need to be carefully

redesigned.

Irrespective of the view adopted, ICT can be used to support all the activities within an
organization such as production, purchasing, service provision, administration, finance, sales,
etc. In addition ICT can have different roles depending on if they support i) process execu-
tion, ii) process monitoring, iii) process analysis and redesign, and iv) change project man-
agement. Thanks to the rapid evolution of ICT, several technologies are adopted by compa-
nies so that the study of their impact on processes and people interactions is critical. This
study pertains to this broad research stream and, to narrow the scope, it aims at under-
standing how Augmented Reality can be used to support the information retrieval needed

for the provision of industrial services on field (i.e. industrial field services).



Therefore, in the next sub-section the research stream that addresses the role of ICT in
service provision is discussed, while in section 1.2 the research problem will be presented in

more detail.

113 Therole of ICT in services

Service can be defined as the application of competences for the benefit of another
(Vargo and Lusch, 2004). More broadly speaking, service can be viewed as value co-creation.
Therefore, the service encounter concept that represents the different contact points at
which customers and providers meet and interact in a service system (Roth and Menor,
2003), is crucial. These contact points, in fact, are also known as “moments of truth” (Chase
et al., 1998), since customers experience and evaluate the received services and develop
their personal judgments about the value they create (or co-create). As well known, these
judgments influence customer satisfaction, retention and loyalty as well. Since interaction in
service systems are central to the phenomenon of value creation, service systems should be
always considered as the unit of analysis of research that focuses on understanding how
value is created and why some options are deemed to create more value than others under
some circumstances (Maglio et al., 2009). In service systems, resources as different as peo-
ple, information, money and technologies are procured and shared by different providers,
thus value is created by accessing to these resources (Spohrer and Maglio, 2010). To deter-
mine the value created in the service system, both the customer (who actually receives the
service) and the provider (who actually provides the service) compare the achieve benefits
to the costs sustained for the service delivery. The more benefits exceed costs, the more
value is perceived in the service system. In addition, if value is perceived to be higher than

expected, entities are mutually satisfied.

Within this framework, the advancements of ICT are altering the ways customers inter-
face with service providers and, therefore, may influence the customer’s perceptions of the
service experience (Roth, 2000, Heim and Sinha, 2001, Boyer et al., 2002, Oliveira et al.,
2002). According to Froehle and Roth (2004) five different modes of customer contact exist
in relation to technology (see Figure 1). Firstly they distinguish among “face-to-face” and
“face-to-screen” customer contact depending on whether customer and provider are co-
located during service provision or not. Then, within the first group, the contact can be: i)
“technology-free” (Figure 1A), if technology per se does not play a direct role in providing
the service (e.g. psychiatrist’s in-office consultation with a patient); ii) “technology-assisted”
(Figure 1B) if the provider employs technology as an aid to improve the face-to-face contact,

but the customer does not have access to the technology (e.g. airline check-in); and, iii)



“technology-facilitated” (Figure 1C) if both customer and provider have access to the same
technology to enhance their communication (e.g. a financial consultant that uses a Power-
Point in a meeting with a client). If customer and provider are not co-located, instead, to
enable communication some form of technology must be employed. If the service is provid-
ed through a phone or online instant messaging (e.g. a call centre), Froehle and Roth (2004)
refer to “technology-mediated” customer contact (Figure 1D), while if the provider is entirely
replaced by technology (e.g. ATMs or automated car washes) the mode of customer contact

is called “technology-generated”.

iTechnoIogy } Technology Technology
Server l l Customer l<—+ Server l l Customer l<—> Server

e-service

Technology Technology self-service

l Customer

l Server l l Customer l | Server §

Figure 1 Different modes of customer contact in relation to technology (Froehle and Roth, 2004)

Analysing how ICT change the way services are delivered, a shift in the boundary among
customers and providers can be noted (Campbell et al., 2011). More precisely, some tech-
nologies are favouring the advent of super-service (i.e. the provider performs autonomously,
in isolation from the customer, tasks previously done by/with the customer), whilst others,
instead, are pushing forward the provision of self-service (i.e. the customer performs on
her/his own tasks previously done by/with the provider) (see Figure 2). In particular, relieving
technologies favour the provision of super-services while enabling technology of self-services
(Sampson, 2012).0f course, this shift aims always at increasing the value created in the ser-

vice system and/or at reducing the cost related to service provision for both parties.
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Figure 2 Effect of technology on service boundary (adapted from Campbell et al. (2011))

However, before adopting new technologies for services, their impacts on the value crea-
tion from both sides should be carefully addressed. To this aim, according to Campbell et al.
(2011), firstly value expectations of customers have to be clearly identified, then the value
creation process must be modelled, finally boundary’s shifts due to the adoption of technol-

ogy and their impacts on the service system must be investigated.

12 Research problem

From the research streams presented in section 1.1 it can be noticed that two phenome-
na are more and more relevant for European manufacturers that are inevitably intertwined:
on one side the relevance of services that can be provided by service firms or by OEMs that
extend the offering range integrating the selling of their manufactured product with the pro-
vision of additional services; on the other side, the rapid advancement of ICT that makes
available for companies technologies and tools to support their operations, thus increasing
internal processes efficiency as well as service delivery performance. However, as already
said in sub-section 1.1.3, the adoption of technology to support service provision needs to
be carefully studied in order to reach the expected increase in value perceived by customers

and providers.

This study pertains to this research area and deals with how ICT can be adopted to sup-
port service provision and how they alter its delivery process. In order to narrow the scope
of the study we identified a specific service context and an emerging technology. In particu-
lar, our frame context refers to service firms that provide long-life support to capital goods
such as industrial plants, machine tools, engines, pumps, airplane, etc. and/or OEMs that
provide those capital goods and that have reshaped their offerings in the form of integrated
solutions, full service contracts, pay-per-use formulas, contractual service agreements, etc.
(Schmenner, 2009, Meier et al., 2010, Tan et al., 2010, Shankar et al., 2009). Generally, these



goods are exchanged in B2B markets, are characterized by long-life cycles (up to several
years) and constitute, to different extents, critical assets in the customer’s business. Given
the high capital expenditures to purchase these goods and the risk associated to their fail-
ures, deterioration, improper use, etc., a whole set of services are offered to the customer,
in bundle or not with the product. Among the different kind of services that can be offered
(further details are presented in Chapter 2), we focused on the provision of industrial ser-
vices on field, i.e. industrial field services (IFS). Industrial services include the entire set of
services that can be provided in relation to manufacturing products (Gebauer et al., 2008b).
Examples are installation, maintenance, repair, condition monitoring, diagnosis etc. that are
commonly provided along the working life of an industrial asset (Mathieu, 2001a). The more
products are installed and operated in customer facilities that are globally distribute, the
more an efficient service network of different resources as field-technicians, spare parts,
tools, vehicles, etc., is demanded. Irrespective of who plays the role of the service provider,
relevant knowledge about product technology is requested in order to deliver the demanda-
ble service (help desk support, troubleshoot problems, perform diagnostic tests, suggest

remedies to faults, define action plans, etc.).

To this aim, OEMs, for instance, are introducing smart technologies (Ala-Risku, 2009,
Allmendinger and Lombreglia, 2005) to connect their remote centres to installed bases of
equipment, to collect real-time data and to provide health condition monitoring (Grubic et
al.,, 2011) and more efficient customer support services (Mathieu, 2001a, Meyer et al,,
2009). Field data, if properly stored and analysed, can be helpful for several purposes, such
as determining how operating conditions affect equipment reliability (Ulaga and Reinartz,
2011), investigating the causes of equipment malfunction and identifying the most effective
remedies and restoration procedures. Usually product specialists are responsible for creating
and sharing this knowledge across the whole organization. However, this has proven to be
difficult (Corso et al., 2006). In fact, especially in case of dispersed field forces, technicians
may not be properly skilled or prepared to accomplish any kind of diagnostic or repair inter-
ventions. In situations like this, they would usually resort to using their mobile phones to call
the product specialists who reside in R&D or engineering departments. Then they would give
an explanation about the issues they are facing and try to get the advice required to success-
fully complete their work (Dutta, 2012). This communication through mobile phones, how-
ever, has some limitations: i) misunderstandings may occur since the parties are not equally
exposed to the situation (e.g. the product specialist cannot see what the technician can see);
and, ii) since technicians do not generally use their mobile phones hands-free, their move-

ments are restricted whilst they are receiving remote support (Bottecchia et al., 2009).



These limitations could be overcome by the recent advances of ICT, such as Augmented
Reality (AR)—a technology that is widely considered to be the most cutting-edge develop-
ment for the next few years (Fenn and LeHong, 2011). Basically, an AR system supplements
real world vision with real-time computer-generated objects (Azuma et al., 2001). Despite
the fact that AR systems are still at a pioneering stage, several applications and technological
options are discussed in the extant literature (van Krevelen and Poelman, 2010). In addition,
since AR allows real-time visualization of the right information in the right position, without
additional efforts, the use of this technology would result in fewer misunderstandings and
errors and, therefore, in better service delivery performance (e.g. more first-time fixes and

quicker restoration).

However, since AR is considered a cutting edge technology for the next years, up to now
only few prototype systems have matured enough to become production systems
(Regenbrecht, 2006) actually adopted by companies. For this reason there is a paucity of
studies that address the issues related to the adoption process of AR. In particular, most of
the literature on AR approaches the problem using AR developers’ perspective considering
mainly issues related to technological choices such as data integration system (Espindola et
al., 2013, Siltanen et al., 2009), tracking system (Behzadan and Kamat, 2009, De Crescenzio
et al., 2011, Ishii et al., 2007, Paz et al., 2012, Wang et al., 2008) or output device (Stutzman
et al., 2009), and usability issues (Bowman et al., 2002, Swan and Gabbard, 2005). Therefore,
their applicability in practice can only be deducted by vague examples or hypotheses, with a
poor understanding or description of the contextual factors that could prevent or harness

their actual implementation.

Therefore, the overall purpose of this study is to fill this gap, investigating the issues re-

lated to AR adoption in field service networks following the user company’s perspective.

To address this research problem, several research questions have to be answered. Firstly
companies have to assess the AR features in order to understand if AR is suitable for fulfilling

field service needs. With this respect, firstly companies need to understand:

RQ1: Which AR system better fits with the specific requirements of different industrial field

services?

Matching the state-of-the-art of AR applications for industrial maintenance and the fea-
tures of industrial services, and using a Task-Technology Fit perspective (Goodhue and
Thompson, 1995), a classification of the AR systems and several patterns of fitting with in-

dustrial services will be identified.



Secondly, the user company needs to understand the effects of AR adoption on the ser-

vice delivery system. This corresponds to answer the following research question:
RQ2: How AR adoption will influence the delivery of industrial field services?

Based on an explorative approach, several case studies will be performed. Firstly a
demonstration of usage of AR in the provision of IFS will be carried out involving a company
that is not using AR in order to identify potential benefits, efforts, and process redesign re-
quirements. Then, two case studies will be carried out with pioneering companies that have
already adopted AR to support field service provision. The purpose is twofold: i) to validate
the results of previous analyses and ii) to understand the adoption journey of AR through
retrospective descriptions of the reasons why they decided to adopt AR to support IFS deliv-
ery, the steps followed to introduce it, and the experienced benefits and problems. The evi-
dences of these case studies will lead to the identification of some areas of improvements

for companies that are willing to adopt AR for IFS delivery.

Finally, since AR is new and for the most part unfamiliar to end users, their perceptions
and willingness to use AR need to be carefully evaluated prior to decide to adopt it. This way,
any resistance towards its introduction could eventually be reduced. For this purpose the

third research question is:
RQ3: What is the level of acceptance and the willingness to use AR of the field force?

Based on the literature concerning Technology Acceptance Model (TAM, Davis (1989))
and Task-Technology Fit (Goodhue and Thompson, 1995), a novel model for the assessment

of AR will be developed and validated against the surveys of field technicians.

1.3 Research justification

The decision of introducing a new technology within an organization is not nearly a risk
free decision. In literature, several studies can be found for instance related to risk manage-
ment or focused on understanding success and failure factors of ERP introduction (Aloini et
al., 2007). For this reason, despite developers of AR applications state that this technology
could be adopted to support IFS provision, studies that guide its selection and introduction

facilitating thus its adoption, are relevant but still missing.

With this respect, the studies presented in this thesis aim at understanding the overall
adoption process from the AR selection to the impacts at managerial (in terms of how the
service delivery system is influenced by AR) and individual (in terms of end users’ perception

of usefulness, ease of use and their intention to use it) level. In this way, a lot of useful in-
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formation is gathered and frameworks that can guide the AR assessment and adoption are
developed such as the typology to select the configuration of AR that better fits with specific
context requirements (see Chapter 2) and ARTAM (see Chapter 5) to assess end users’ per-
ception in a pre-implementation stage of adoption in order to be able to manage possible
resistances of users prior to adopting AR.

14  Research strategy

The main objective of this study is to assess the possibility to adopt AR to support the
provision of industrial field services. Since research on this topic is still in its infancy, the un-
derlying concepts need to be still explored and clarified. Thus, this is an empirical study that
pertains to theory-building research (Meredith, 1993). In particular a hybrid approach will be
implemented since different research methodologies are requested to answer the research
guestions identified in section 1.2 as depicted in Figure 3.

Methodology Methodology

Methodology Methodology

Explorative case Retrospective

Literature review study case study Survey-based
evaluation of user

acceptance of MCAR

Output Output

Identification of Steps of MCAR
Output technical and adoption and Output

managerial issues feedback on

ARTAM validation
for MCAR adoption usefulness

User evaluation of
MCAR

AR typology and
AR-IFS patterns

Output
Areas of improvements for

companies willing to adopt
MCAR for IFS delivery

Figure 3 Research strategy.

In the first phase, in order to answer to RQ1, relevant literature addressing industrial field
services and AR will be explored and reviewed. Thus, the most important concepts will be
combined, resulting in the definition of a typology that classifies the different technical con-
figurations of AR and several patterns that clarify the more suitable AR system to adopt to

support a specific IFS. Then, in order to assess the impact of AR on service delivery process

11



(RQ2), we will carry out an explorative case-study focusing on one pattern (i.e. Pattern 1, see
Chapter 2). In particular, both semi-structured interviews and a physical demonstration of
usage of a particular kind of AR (i.e. Mobile Collaborative Augmented Reality, MCAR
(Billinghurst and Thomas, 2011)) will be planned and executed. In addition, in order to vali-
date these preliminary findings and to complete the investigation with information and activ-
ities related to the implementation and post-implementation phase of adoption, two retro-
spective case studies will be performed (Voss et al., 2002). Therefore, the case findings will
be discussed and combined in order to identify some areas of improvement for companies
willing to adopt MCAR to support IFS provision. At this point, the perspective of the study
shifts from the managerial to the individual level. Since the user acceptance of a new tech-
nology is essential for the success of its introduction, prior to deciding to adopt a new tech-
nology it is interesting to understand their perceptions in order to manage properly the pos-
sible resistances (RQ3). Therefore, this third phase of the study applies a survey-based ap-
proach to evaluate end users perception and intention to use MCAR following the TAM and
TTF theories. At the end of these three steps, several insights into which AR should be
adopted for IFS provision, what managerial issues need to be overcome, how AR will impact

the service delivery system and how AR will be accepted by end users will be achieved.

1.5 Thesis Outline

This dissertation is structured in six chapters. Chapter 2 aims to answer RQ1 presenting
the results of a thorough literature review on the relevant topics. The first step is the review
of the several classifications of services and of the available AR applications for industrial
maintenance. This latter is focused on the identification of the main technical features at the
basis of AR systems; in fact, according to this, a typology that classifies AR system with re-
spect of those characteristics is developed. Finally, recurring to specific patterns, the AR sys-
tems that should be adopted to support different kind of IFS are presented and discussed.
Chapter 3, Chapter 4 and Chapter 5 instead, consider the user company perspective and
address the evaluation of AR from two different points of view. In Chapter 3 and Chapter 4
the managerial perspective is used to answer RQ2. In particular, Chapter 3 describes the
results of the explorative case study in which a usage demonstration of MCAR to support IFS
provision has been planned and executed involving service managers, field technicians and
product specialists in order to highlight expected benefits, costs and process redesign re-
quirements. Chapter 4, instead, describes the findings of the retrospective case studies per-
formed, and presents the conceptualization, in terms of area of improvements, of how the

AR adoption will impact at a managerial level. Finally, Chapter 5 deals with the individual
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perspective and aims to understand the end users’ perceptions and intention to use MCAR.
In particular, a novel model is developed based on the extant literature concerning technol-
ogy acceptance, hypotheses are formulated and then validated against the surveys of three
companies whose field force has been selected as test benches. Then, the analyses of the
guestionnaires, performed using Structural Equation Modelling (SEM) (Byrne, 2009) are pre-
sented and discussed. The dissertation ends with Chapter 6 that includes a brief summary,

the final conclusions and presents possible future directions of research.

1.6 List of publications
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Porcelli, I., Rapaccini, M., Espindola, D.B., Pereira C.E (2013) Technical and Organizational
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Chapter 2

AR typology

This chapter presents the studies carried out to answer RQ1 stated in section 1.2. To this
aim, firstly, the different kinds of industrial services that are the frame context of this study
are described and classified. Then, a review of the several kinds of AR system developed for
different purposes is presented. Based on this systematic analysis of the extant literature,
several applications of AR to support industrial service provision have been reviewed and a
typology that aims at classifying each system according to the technological features chosen
is proposed. Finally using a Task-Technology Fit perspective, the linkages among the techno-
logical configurations of AR and the types of outcome to be provided with the service are
established, and three patterns that unveil specific contexts of AR application are identified

and discussed.

2.1 Types of industrial services

Different kinds of services can be offered in integration with a manufactured product.
Saccani et al. (2013), based on eight classifications of the services offered by servitized
OEMs, combined them and identified four main service categories. The first one, named
“product support services” (Saccani et al., 2013) as well as “product lifecycle” (Ulaga and
Reinartz, 2011), “service supporting the product” (Mathieu, 2001a), “product services”

(Mathieu, 2001b) and, “product-related services” (Gebauer et al., 2008a), includes services
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that aim at ensuring product functionality over time. The second category, instead, encom-
passes services that aim at training a product’s end user and/or facilitating their interaction
with the product. Sometimes this category could be included in other ones (Oliva and
Kallenberg, 2003, Gebauer, 2008). Then, the further two categories focus on customer pro-
cesses including, thus, i) services that aim at supporting customers to (re)design, manage
and optimize the process enabled by a product as considered by (Oliva and Kallenberg, 2003,
Gebauer, 2008) and ii) services where the provider takes over the responsibility for operat-
ing a product and/or a business process on behalf of the customer.

According to the above-mentioned classification, this study is focused on the first catego-
ry. In particular with the term “industrial services” (Johansson and Olhager, 2006) we refer
to product-related services delivered on capital assets by means of service contracts. In addi-
tion, we can refer to the taxonomy proposed by Smith et al. (2012) to further divide the in-
dustrial services in sub-categories. Basically Smith et al. (2012) state that the aims of indus-
trial services are manifold but can be grouped according to three value propositions: i) en-
sure a minimum disruption when product fails; i) ensure maximum availability of in-
stalled/operated product; iii) ensure the capabilities requested to achieve the best/expected

outcomes by use of the product (see Table 1).

Table 1 - Types of industrial services (adapted from Smith et al. (2012)).

Value proposition

Value comes from
the capabilities of
the service provid-
erto:

PRS examples

Customer input
primarily needed

Ensure prompt recovery

Ensure timely and effi-
cient set up and recov-
ery of the product op-
erable/desired status,
altered as a conse-
quence of real or pre-
dicted/expected faults,
malfunctioning, deterio-
ration, end-of-lives
Installation, preventive
and corrective (e.g., fix
& repair) maintenance,
provision of spares and
consumables, updates
and upgrades (e.g.,
refurbishing, revamp-
ing, etc.).

Product and its parts or
modules

Ensure maximum availa-
bility

Ensure, over time, that
customers can access to a
functional (i.e., function-
ing and utilitarian) prod-
uct, if and when poten-
tially needed

Inspection, control &
troubleshooting (by re-
mote or on field), evalua-
tion of residual lives,
planning consumables
and spares refurbish-
ment, planning mainte-
nance interventions, etc.
Information (e.g., product
status, process objec-

Ensure maximum out-
come

Ensure that customers
can use the product at
its best, empower its
knowledge and practical
skills, increase its capa-
bilities and expertise as
product users

Provide user manuals,
guides and help desk,

train users, give advice
and consultancy about
proper product use

Product user’s mind
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for service delivery tives, functioning param-

eters, etc)
Transformation Tangible objects (prod-  Intangible objects (data, Intangible objects
acts mainly on ucts, spares, consuma- documents and infor- (knowledge and skills)
bles, etc.) mation)

Referring to this classification, in general, quite different inputs (i.e., physical objects, da-
ta, information, knowledge) can be required during the service delivery and thus, purposes
and recipients of industrial services differ to a large extent. In fact, referring to the first
group, transformations mostly occur on the product itself and/or its components; therefore
some physical interactions with objects from the field are requested. Conversely, infor-
mation for taking decisions about future actions (e.g., define the so called “action plan”) are
the primary input of the second category of industrial services. This required information
may specify how to configure the product for a given customer/mission, to forecast the de-
mand for supplying consumables, or to upgrade the product, for instance, as a consequence
of a change in product operating conditions. Last but not least, in the latter case (i.e., the
third type of industrial services) transformation mostly acts on the knowledge of customers
and product users, since they get empowered while receiving support, training, advices, etc.
From the above considerations it can be concluded that, depending on the type of industrial
services, different information may be needed from, or exchanged among, the different ac-
tors that are involved in the execution of the service tasks. These actors may include remote

specialists, field-technicians, product users, etc.

This study is focused only on the first two types of industrial services (i.e., recovery and
availability value propositions) that in general are those delivered on field and named “indus-
trial field-services” (IFS). The third type (i.e., outcome value proposition), in fact, has been
excluded, since we are interested on understanding how AR can support the execution of
field-services. Conversely, the third type of industrial service aims at empowering customers
and product users through the provision of professional services and training. With respect
to this situation, many kinds of mixed reality systems, both virtual and augmented, can be
used (Haritos and Macchiarella, 2005, Wang and Dunston, 2007, Schwald and de Laval, 2003,

Boud et al., 1999) but a detailed discussion on them is out of the scope of this work.

Since the possibility of knowing or not, in advance, the information that can be requested
from the field, is crucial for understanding what kind of technology can be leveraged, it is
possible to depict some scenarios. In the first one, the service aims at ensuring product re-
covery according to a clear and predefined action plan, such in the case of routine installa-
tion, maintenance, or problem fixing with known causes. In this case, the information need-

ed can be previously identified and the required actions can be documented and made
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available through procedures and manuals. For instance, maintenance documents are used
to describe the sequence of tasks that should be followed for product repair, the list of parts
to be changed, the required tools, etc. A second scenario, instead, refers to a situation
where the action plan is not known, ready or associated, in advance, to the problem that
technicians or customers face, and so the support of a product specialist, who possesses
implicit knowledge about the possible solutions, is proven to be useful. Finally, a third sce-
nario refers to the need of collecting, from remote locations or from the field, information
about the operating conditions of the asset, irrespective of interventions that imply tangible
operations have then to be executed or not. This latter can be the case of services such as

remote monitoring, field-inspection, etc.

Hence, since different types of information, inputs and outputs, have to be handled, AR
systems should be designed, selected and introduced with respect to the depicted scenario.
Prior to understanding which is the more suitable AR system for each scenario, since AR is a
novel technology that could join the set of technologies already adopted to support IFS pro-

vision, in the next section a brief review of those existing technologies is presented.

2.2 Existing technologies supporting the delivery of industrial services

As the pillars of Product Life Cycle Management (PLM) (Ranasinghe et al., 2011) and of
Installed Based Information Management (IBIM) (Auramo and Ala-risku, 2005) suggest, a
relevant field of application of ICT is devoted to the collection of field-data from in-
stalled/operated products. In fact, the information achieved from the field can be leveraged
for purposes as different as catalysing the innovation cycles (i.e., be proactive), taking timely
decisions to solve customers’ problems (i.e., be reactive), deploying and mobilizing field-
resources (i.e., be efficient in service operations) (Allmendinger and Lombreglia, 2005,
Cohen et al., 2006, Ulaga and Reinartz, 2011).

If the focus is on solving customer problems that originate from product faults, health,
diagnostic and prognostic systems through smart technologies such as sensors, intelligent
products, etc. (Meyer et al., 2009), are usually adopted. Irrespective of the implemented
logics (e.g., simple rules, neural or Bayesian network for diagnosis), applications that support
troubleshooting can greatly assist technicians to promptly understand the causes of
faults/malfunctioning, determine the most effective remedy and, therefore, mitigate the
implications of unreliable products. Despite it is proven that this kind of technologies can
help the development of service-oriented business models (Allmendinger and Lombreglia,

2005, Ulaga and Reinartz, 2011), up to now it seems that the adoption of these tools is still
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limited. For instance, Grubic et al. (2011), investigating mainstream manufacturers in the UK,
found that typical adopters operate in a capital-intensive industry sector, hold a position in
its value chain that is close to the eventual user, deal with high-value and complex products,

and have a history of early technology adoption.

If the focus is, instead, on making the service operations more efficient, other infor-
mation technologies such as workforce management systems are usually implemented. In
particular, when providing field-services, the right personnel, tools and equipment need to
be assigned to the customer demand according to their capabilities and, then, routed from
their initial positions (e.g., a facility, a spare parts warehouse) to the customer premise with-
in acceptable time and cost. This is a cumbersome task, that generally presents rooms for
improvement (Agnihothri et al., 2002). For this aim, the adoption of mobile applications and
devices such as smart phones, PDAs, tablets, etc. can lead to increased productivity and im-
proved performance such as response time, recovery time, and first-time fix. Moreover, de-
creasing the reliance on paperwork, the distribution of digital documents from remote cen-

tres to the field (and vice versa) leads to lower errors and reworks (Dutta and Pinder, 2012).

Actually, the most challenging situation pertains to the case of complex products whose
field-services have to be provided on vast territories. In addition, complexity in servicing can
stem from the variety of embedded technologies, as complex products include mechanical
and electronic parts, control software, sensors, actuators, etc. In this situation, to perform
diagnostic tests, identify problems and restore products from faults, on one side unique ca-
pabilities are requested but, on the other side, it is highly inconvenient to deploy the few
experienced technicians round any corner, ready to intervene and face with relatively short
response time any problem that might occur. Generally, technicians are deployed on field
according to their skills and experiences with the intent to centralize the most skilled per-
sonnel in a central facility with respect to the served district. Remote specialists can then
provide 2" and 3™ help desk, and give remote assistance to field-technicians. In these cases,
the adoption of technologies that, besides information retrieval, can provide support to

people interactions and technical communications becomes critical as well.

Based on the positive experiences from early adopters of mobile technologies for field-
service delivery (Aberdeen Group, 2005, Aberdeen Group, 2007), several organisations are
introducing mobile technology and information systems in field-services, with the intent to
save resources and increase profitability (Blumberg, 1994, Kearney, 2004). As a conse-
guence, there is an interesting debate around what tools best support, on one hand, the

service execution and, on the other, the retrieval of useful information, since they enable
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specific communication channels. To this concern, PCs and mobile phones are the most used
tools. As Dutta (2012) states, on average 73% of field workers are equipped with at least one
mobile device. Moreover, of those who are carrying devices, 70% are carrying more than
one (59% use a mobile phone for communication, 29% have a laptop to support task execu-
tion). However, these devices have strong limits in term of usability since information re-
trieval is usually neither easy nor fast, and hands-free operations are not supported, etc. In
addition, in mobile phones the type, the amount and the presentation formats of the ex-

changed data are quite limited.

From the above considerations it can be concluded that product specialists and techni-
cians could benefit from a general purpose technology (GPT) that is able to jointly support
the execution of diagnostics check or field-operations (e.g. maintenance, product fixing, etc.)
irrespective of these tasks are performed in collaboration (interactively) or in isolation, from

remote centres or from the field, with hands-free and in perfect mobility.

Within this context, Augmented Reality is appointed as a promising technology for the
provision of IFS, since it seems to overcome most of the above mentioned limitations. In the
next section, an overview of the main features and functional parts of AR systems as well as

of the main fields of application is given.

2.3 Augmented Reality

Augmented Reality (AR) is a novel concept that intertwines various technologies and de-
pending on the context can be viewed as the future of computing, a medium and an inter-
face to digital information and a platform for creating novel services and business. Augment-
ed Reality is a part of a broader concept of Mixed Reality (MR). In general, MR refers to the
integration and merging of the real and virtual worlds where physical and virtual objects

complement and interact with each other (Milgram and Kishino, 1994). The different ways in

In In

which the “virtual” and “real” aspects of MR environments can be realized are depicted in
the virtuality continuum shown in Figure 4. At the ends of the virtuality continuum the Real
Environment (RE) and the Virtual Environment (VE) are positioned. In particular RE includes
environments consisting solely of real objects whereas VE is defined as a computer generat-
ed, interactive, and three-dimensional environment in which a person is immersed
(Rheingold, 1991). Going from RE to VE, then, the virtual component becomes predominant
with respect to the real one. In particular, Augmented Reality is focused on augmenting the
real world with digital information whereas Augmented Virtuality brings real-world infor-

mation in virtual scenarios.
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Figure 4 Virtuality Continuum (adapted from (Milgram and Kishino, 1994))
In the widely accepted definition of AR (Azuma, 1997), three requirements are emphasized:

1. the combination of real and virtual objects in a real environment;
2. interactivity and being real time;

3. the registration/alignment of real and virtual objects with each other.

As a result, enhancing the scene superimposing virtual elements, AR technology is used
to build more intuitive, efficient and effective Human Machine Interfaces (HMls), in order to

access remote data and visualize information.

The first officially recognized AR system dates back 1992. The system,
proposed by Rosenberg (1992) aimed at enhancing operator perfor-
mance in telemanipulation tasks through the overlaying of virtual fixtures
(i.e. the displaying of assistive cues). Then, in 1997, AR became mobile;
the Touring Machine proposed by.Feiner et al. (1997), in fact, is the first
example of AR in which a PC mounted on a backpack and the usage of
head-mounted display (HMD) as output devices were used to give infor-

mation about the monuments around the AR user (see Figure 5). From

that moment, thanks to the rapid advancement of mobile devices,

Figure 5 The touring

smartphones and tablets, equipped with integrated cameras, sensor machine (Feiner et
al., 1997)

technologies like GPS and orientation sensors, high-resolution full colour

displays, high-speed networking, high computing power, dedicated 3D graphics chips etc.,
became a dexterous platform for building AR applications and services (Wagner and
Schmalstieg, 2009). However mobile AR is not only the selection of mobile or handheld de-
vices as hardware; it is, instead, about being enabled for mobile and ubiquitous contexts and
activities (Hollerer and Feiner, 2004). The frame context, in fact, is constantly changing; in
fact, as the user’s physical or social environment, activities or mental state change, even
user’s needs for interaction and task execution change accordingly. With this respect, mobile
AR has recently gained huge public interest. John Jackson, a research analyst for the research
firm IDC said, “There is a gold rush mentality around the space now and it is hardly clear who
is going to emerge. We have to think about this [i.e. AR] as a platform that makes use of lots

of different technologies and mashes them up to give you a new way of interacting with the
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world around you”. Finally, looking at some statistics, the total revenue generated from AR
at the end of 2013 is expected to be around $300 million and for 2014 around 30 percent
mobile subscribers will use AR at least once in a week and more than 864 million
smartphones will have AR technology enabled in them. Then, it is expected that by 2017

more than 2.5 billion mobile AR apps are going to be downloaded (Jackson, 2013).

This study is focused on mobile AR; in the rest of the dissertation we will use the term

“Augmented Reality” meaning “mobile Augmented Reality” unless otherwise specified.

2.3.1  Building blocks of Augmented Reality

An AR system is generally the combination of: i) tracking and registration systems, that
are used to track the position and movements of users and objects and to link the virtual
augmentation with a specific position in the scene; ii) an output device such as a display, that
is used to see the augmented scene; iii) a sensing system, such as a digital camera, that is
used to capture the real scene and usually is embedded in the output device; iv) a data ac-
quisition system, such as gloves, physical or virtual keyboards, haptic systems, etc., that is
used to interact with the software application and give commands; v) a software application
and the computer system where it runs. The most common platforms and libraries that can
be used to develop AR software applications and integrate these applications with commer-

cial hardware devices are ARToolkit!, ALVAR?, StudierStube®, D’Fusion* and Layar®.

The following paragraphs describe and discuss the above-mentioned aspects. However,
since we adopt the AR users’ perspective, a complete review of the state-of-art of technolo-
gies for AR is out of the scope of this study. Therefore, interested readers can refer to Zhou
et al. (2008), van Krevelen and Poelman (2010), Nee et al. (2012) Papagiannakis et al. (2008).

2.3.1.1 Tracking and registration

Tracking solutions are essential for an AR system as it is necessary to “sense” the real en-
vironment, i.e., the user’s field of view, and track the viewer’s (relative) movement, prefera-
bly with several degrees of freedom (i.e., 3 for position plus 3 for orientation) in order to: i)
recognize the exact position in which the virtual object will appear and ii) accurately register
and align the virtual object to the real scene (van Krevelen and Poelman, 2010). Several kinds

of tracking systems have been developed and can be classified in three main groups.

! http://artoolkit.sourceforge.net/

2 http://virtual.vit. fi/virtual/proj2/multimedia/alvar/index.html
® http://studierstube.icg.tugraz.at/main.php

* http://www.t-immersion.com/

® http://layar.com/
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Marker-based tracking is the first group and employs the recognition of particular land-
marks, such as concentric circles placed in known positions (Papagiannakis et al., 2008). The
most popular system based on the recognition of markers is ARToolkit (ARToolkit 2.52, Kato
and Billinghurst, 1999) that implements particular 2D printed markers to track the scene;
however, other kinds of marker, already placed on products for ID purpose, such as 2D bar-
code (Naimark and Foxlin, 2002) and QR code (Kan et al., 2009) could be used.

The second group of tracking system is called sensor-based and is the oldest system de-
veloped (Sutherland, 1968). In this case, the transmission of signals is used to track the user
position. Originally based on magnetic, acoustic, inertial, optical and/or mechanical sensors
(Zhou et al., 2008), nowadays the most common sensors implemented in AR applications are
gyroscopes and accelerometers (inertial sensors) to track the user’'s movements, while to
track the user’s field of view RFID tags (Schwieren and Vossen, 2010), infrared sensors or
LEDs (Wang et al., 2008) and GPS, in case of outdoor applications (Behzadan and Kamat,
2009, Schall et al., 2009), are used. Usually, in order to increase the tracking robustness,
these two kinds of tracking systems are implemented together resulting in a hybrid tracking.
In particular, the usage of inertial tracking combined with marker-based tracking, for in-

stance, is used to improve the motion prediction when rapid changes occur.

Finally, the third group includes systems that track the real scene without the need to
place markers or sensors in advance, thanks to the recognition of particular features such as
lines, textures, edges or changes in lighting (Ferrari et al., 2001, Chia et al., 2002, Comport et
al., 2003). These features can be used to directly trace the users’ position and orientation
with respect to their environment or, more recently, to develop 3D virtual models that can
be leveraged to compute these parameters (Reitmayr and Drummond, 2006, Zhou et al.,
2008). In particular, the camera pose is estimated starting from known visual features
through methods such as SIFT (Scale-Invariant Feature Transform (Lowe, 2004)) and SURF
(Speeded-Up Robust Features (Bay et al., 2008)). Up to now, these systems allow tracking in
unknown environments but require high computing power and present some problems with

changing in lighting and shadows (Carmignani and Furht, 2011).

Once the scene has been tracked, registration, i.e. the final alighment of real and virtual
information that is presented to the user (Olsson, 2012) is needed in order to achieve a real-
istic interface and preserve the illusion of real and virtual coexisting in the same domain. The
motions or changes made by the user, in fact, need to result in the appropriate changes in
the perceived virtual elements (Azuma, 1993) and thus registration must be made with pixel

accuracy at high frame rates. For this purpose, state-of-the-art in registration includes signal
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processing solutions for face detection, identifying moving objects in videos and continuous
detection of specific visual patterns that have been identified in advance (e.g. patterns on

packaging, products, clothing, artwork) (Mullen, 2011).

2.3.1.2 OQutput device
The output device consists in a display through which it is possible to experience the

augmentation of reality. The variety of displays that can be used for AR includes screen
based display such as head-mounted displays (HMDs), handheld devices such as tablet PCs,
smartphones, PDAs (Mohring et al., 2004, Henrysson et al., 2005), as well as more AR orient-
ed handheld displays (Stutzman et al., 2009) and projection based displays such as spatial
displays (Olwal and Henrysson, 2007).

Up to 2005, HMDs were the kind of display more used for AR applications (Bimber and
Raskar, 2006) but with the rapid development of smartphones functionalities, currently the
selection of handheld solutions is growing. Both HMDs and handhelds allow mobile AR and
are characterized by being user dependent since HMDs need to be worn even if they leave
the hands free and handhelds need to be hold with at least one hand. Conversely, projector
based displays are integrated into the environment limiting thus the mobility of the AR appli-
cation. Recently, some kinds of handheld and HMD projectors have been developed to

merge the two options.

HMDs can be monocular or binocular and with respect to the way of merging real and vir-
tual worlds, can adopt optical see-through (OST) or video see-through (VST) approaches. The
first one consists in a partially transparent display that allows the superimposition of the
digital graphics on the optical layer itself, while, using the latter, the field of view is recorded
with one or two cameras and then this video stream is supplemented with augmentation

and showed to the user (see Figure 6).

Image composition

CG rendering

CG rendering

Display
monitor S\ Camera
Half mirror, ;\
Real scene %, /
Display
monitor
(a) Optical see-through type (b) Video see-through type

Figure 6 Ways of merging real and virtual worlds (Asai, 2010)
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Handhelds include a screen and a digital camera. Therefore the digital camera captures
the real scene and using a video see-through approach, the augmentations of reality are
seen through the screen in real time (Bimber and Raskar, 2006). The field of view is limited
and depends on the monitor size (bigger for tablet PCs than for smartphones and PDAs),
spatial alignment and distance relative to the observer. However, the CPU, gyroscopes, ac-
celerometers, GPS sensors embedded in more advanced tablet PCs and smartphones make
them one of the promising platforms for AR application whenever the need to hold the de-

vice with hands it is not perceived as a constraint.

Finally, projection based displays, through video-projectors, optical elements and holo-
grams technologies are based on both optical and video see-through approaches as well as
on direct augmentation. This latter case consists in the usage of the real world surfaces to
project visual augmentations on them. For this reason, the AR experience can be perceived
by several people simultaneously, enabling multiple-users collaboration resulting, thus an
interesting platform for education and entertainment applications (Wang, 2009). The pro

and cons of each kind of display are depicted in Table 2.

Table 2 Advantages and disadvantaged of output devices for AR applications (adapted from Carmignaniand Furht

Project based

Video see-through

Embedded camera, GPS sensor
gyroscope and accelerometer
Big screen

Need only a standard PC with
off-the-shelf hardware

Low cost

(2011)).
Display Advantages Disadvantages
HMD Video see-through  Sync with real and virtual images ~ Time lag for the image compo-
Control over levels of brightness  sition
and colour Non-natural perception of the
real scene
It can affect the user safety
(the user is blind)
Optical see- Natural perception of the real Jittering of virtual images
through environment Eyes’ user stress to focus im-
No resolution problem in the ages on different planes
vision of the real scene It does not work in highly
No time lag for image composi- bright environments
tion
Handheld Smartphone Portable Small screen
(video see- Medium CPU power Need to be hold with at least
through) Embedded camera, GPS sensor one hand
gyroscope and accelerometer
Tablet PC High CPU power Need to be hold with at least

one hand
More expensive and heavy

Time lag for the image compo-
sition

Non-natural perception of the
real scene

Mobile device are under de-
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velopment

Optical see- More natural perception of the Mobile device are under de-
through real scene than VST velopment
No resolution problem in the It does not work in highly
vision of the real scene bright environments
No time lag for image composi-
tion
Direct The augmentations are directly Problems with highly bright
Augmentation superimposed on the surface of environments
the right object Usually it is not mobile

Enable multi-users collaboration

2.3.1.3 Input device
Several data acquisition systems can be chosen to interact with the AR application and

give commands. Their selection depends on the specific requirements of the context of ap-
plication. For example, if the user needs the hands free to execute some activities, an intan-
gible data acquisition system should be chosen such as the vocal commands used by
Platonov et al. (2006). Otherwise, depending on the output device selected, the input device
can be the same or not. Both tablet PCs and smartphones, in fact, are equipped with key-
boards of touch screen through which it is possible to interact with AR application (Didier et
al., 2005, Chang et al., 2012, Benbelkacem et al., 2013). Using HMDs or projectors, instead,
an additional device, specific for AR-user interaction, is requested. In literature several de-
vices are used as input device such as trackballs (Asai, 2010), small keyboards (Benbelkacem
et al., 2010), laser pointer (Besbes et al., 2012), wrist-worn controllers (Henderson and

Feiner, 2011) and gloves (Reitmayr and Schmalstieg, 2003)

Aleksy and Stieger (2009) compare three AR input devices for industrial field service ap-
plications: devices based on keyboard, on handwriting input capabilities, and on voice-
operated input capabilities. From the analysis emerges that devices based on handwriting
input capabilities usually require long time to insert a lot of information and an efficient
handwriting recognition system is needed. Keyboard-based devices, instead, are faster and
can include both one-handed keyboard and wrist-mounted keyboard in addition to the clas-
sical one. Finally, voice-operated input systems seem to be the more natural way of interac-
tion but present usage problem within noisy environment and require a high CPU power to

run the speech recognition algorithm (with consequent higher power consumption).

2.3.2 Field of applications of Augmented Reality

Augmented Reality has been appointed as a promising technology for both business and
private life applications such as learning, education, leisure and entertainment (Olsson and

Salo, 2011), and already applied in several contexts, such as military industry, health care,
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gaming, and manufacturing. For exemplification, the following table roughly categorizes the

application areas and cites a few exemplary publications and systems for each one.

Table 3 Examples of AR applications.

Industry Area Activities and references
Military Soldiers training To train soldiers in combat scenarios, simulate real-time ene-
my action (Livingston et al., 2011)
To display battlefield scene, augmented with annotations
(Urban, 1995)
Health care Surgeons remote Remote control of surgical interventions (Lee et al., 2010b); to
support visualize images (such as CT scan images (Navab et al., 2007)
or 3D model of an organ®) superimposed on the patient
Train surgeons To visualize forceps delivery (Sielhorst et al., 2004)
Surgeons on-field To assist selection and manipulation of surgical tools (Fuchs et
support al., 1998, Sielhorst et al., 2008)
Gaming Enable new players To enable interactive role-players (e.g., Human Pacman)

Education and
entertainment

Advertisement

Manufacturing

experiences
Development of
smartphones games
Support teachers and
students activities

Museum guidance

Touristic information

3D product visualiza-
tion

Virtual changing room
Support production
and assembling activi-
ties

Support product de-
sign

Train maintenance
operators
Train workers

Factory layout plan-
ning

(Cheok et al., 2004)

AR Basketball, ARDefender, SkySiege, SpacelnvadAR, Rock'em
Sock'em robots’.

To test innovative methods for teaching and learning
(Lindinger et al., 2006); to visualize 3D images of geometric
shape to support the teaching of geometry (Kaufmann and
Schmalstieg, 2003)

To provide virtual information about objects in a museum and
to route visitors inside the museum (Miyashita et al., 2008)
To provide virtual information about buildings and points of
interest of the surrounding environment (Feiner et al., 1997, El
Choubassi et al., 2010)

3D product visualization using a marker printed on a maga-
zine (e.g. MINI®)

Magic Mirror to try on virtual shoes (Sacco et al.)

To superimpose to the real view instructions on assembling
procedures (Webel et al., 2011)

To compare virtual model with real prototype (Schoenfelder
and Schmalstieg, 2008); virtual prototype of digital handheld
products using AR-based tangible interaction (Park et al., 2009)
To visualize maintenance procedures on industrial equipment
(Schwald and de Laval, 2003)

To visualize assembling procedures (Boud et al., 1999) or train-
ing instructions for maintenance in nuclear power plant (Yim
and Seong, 2010)

To construct a mixed reality-based digital manufacturing envi-
ronment (Lee et al., 2011)

® http://www.odysseus-project.com

" http://augmentedpixels.com/project/ar-basketball/; http://www.ardefender.com/;

http://madfirm.com/?page id=2; http://www.zenitum.com/en/apps/space-invadar/;

http://mww.qualcomm.com/research/projects/augmented-reality

8 http://www.metaio.com/customers/case-studies/mini-always-open/
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Picking activities To support the order picking process of logistics applications
(Regenbrecht, 2006, Schwerdtfeger, 2010)

Building Design Usage of Spatial AR to support interior design process (Chen
and Chang, 2006)
Architecture To support design and project impacts on the environment
(Tran, 2011)

2.4 Developing a typology for AR

241 Literature search strategy

In order answer the first research question an so to clarify which are the AR systems that
better fit with a specific IFS scenario, a thorough review of the literature concerning studies
on AR applications in which the provision of IFS was been chosen as the context for inquiring
was conducted. Scientific papers have been searched through Scopus. The review includes
not only the main journals, but also proceedings of the main conferences that have been
organized, in the last years, around Augmented Reality, e.g., the International Symposium on
Mixed and Augmented Reality (ISMAR), the International Conference on Virtual Reality Con-
tinuum and its Applications in Industry (VRCAI), the International Conference on Computer

Vision Theory and Applications (VISAPP), etc. The search criteria are the followings:

nou

— Key-words: “Augmented Reality” plus “industrial”, “maintenance”, “remote mainte-
nance”, “field-service” and “product installation”;

— Year of publication: mainly contributions published between 2008 and 2013 were
considered, due to the rapid evolution of technology that affects the main features
of AR systems. Exceptions are seminal contributions such as Azuma et al. (2001),
Sutherland (1968), etc. as well as research projects such as KARMA (Feiner et al,,
1993) ARVIKA (Friedrich et al., 2002), STARMATE (Schwald and de Laval, 2003),
ARMAR (Henderson and Feiner, 2007), etc.

Once removed duplicated entries, the number of contributions collected and the per-

centage of papers pertinent to each combination of keywords resulted as in Table 4.

Table 4 Search results of AR systems in IFS context.

Keywords Total number % pertinent
of contributions  contributions
“Augmented Reality” “Industrial” 155 23%
“Augmented Reality” “Maintenance” 96 36%
“Augmented Reality” “Remote Maintenance” 15 53%
“Augmented Reality” “Field-service” 0 0
“Augmented Reality” “Product installation” 0 0
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Papers have been considered as not pertinent if one of the following rules were satisfied:
i) their major focus was not on Augmented Reality; ii) keywords used to search the contribu-
tions are cited rarely in the body of the paper (e.g., a paper that indicates maintenance as a
possible application field for AR, but then mainly describes the development of a new de-
vice/tracking system/algorithm irrespective of the application context); iii) the paper is fo-
cused on AR in industrial context but the focus is on supporting production operations, as-
sembly tasks, robot path planning, etc.; iv) papers state the AR system is developed to sup-
port the provision of IFS, but then the description of the real application or, at least, of the
testing phase, is minimal. In addition, since the last two combinations of keywords gave no
results in Scopus, another search was conducted with Google Scholar. In this case, using
keywords “AR” and “field service”, some additional contributions were found as well as stud-

jes about “AR” in industrial, maintenance and remote maintenance context.

At the end, approximately 80 papers that satisfy the aforementioned criteria have been
retrieved. In case more than one contribution was from the same authors and dealt with the
same research, only the most complete ones were considered, collecting, thus, 35 papers.
Then, each paper has been assigned to one of the researchers involved in the study and
carefully studied in order to: 1) identify the main feature of the AR system proposed; 2) ex-
tract the most relevant constructs; 2) derive a 3-dimension typology that can describe any

possible AR solutions; 3) classify the papers with respect to the proposed typology.

2.4.2  Findings

All the collected contributions presented an AR system designed to support a specific IFS.
The kind of information superimposed on the end user’s field of view is the same among
them and consists in 3D models, text, arrows, pictures, technical drawings and video/audio
instructions. Conversely, several differences emerged with respect to the selection of in-
put/output devices, tracking systems, number of users involved and the IFS scenario consid-
ered. The latter, in particular, distinguishes between a physical (i.e. tangible) interaction be-
tween the user and the product to be served and an intangible interaction such as an inspec-
tion, where, thus, any physical contact with the product is not requested to accomplish the
task. The main features selected in each proposed AR system are reported in Table 5. In par-
ticular, “+” means that the corresponding feature is selected, “-” means that the correspond-

ing feature is considered as an alternative option, while “n.s.” means that the characteristics

is not specified in the text. In addition, we specified for each paper the AR application con-
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text and sometimes even the main purpose (in brackets). Some papers, in fact, even if pre-
senting a complete AR application, are mainly focused on a specific aspect such as data inte-
gration (Siltanen et al., 2009, Espindola et al., 2013), tracking system (Ishii et al., 2007, Wang
et al., 2008, Behzadan and Kamat, 2009, De Crescenzio et al., 2011, Bhatia and Vijuyakumar,
2012, Paz et al,, 2012) or the development of a specific output device (Stutzman et al,,
2009). Therefore, they do not provide an overview of the entire solution. In addition, some
architectural and technical choices appeared to be driven mostly by the intent of testing the
proposed solution, nor by verifying its applicability to real contexts. Then, in the correspond-
ing papers we considered only those features that were strictly linked to the declared pur-
pose. Nonetheless these limitations, from the review of the mentioned literature appeared
that two kinds of applications, basically, seem suitable to support the provision of industrial
services. A first kind, hereinafter termed Automatic Augmented Reality (AAR), employs a
software agent that is able to superimpose additional information on the scene, once this is
captured and recognized by cameras and tracking systems (Friedrich et al., 2002, Schwald
and de Laval, 2003, Henderson and Feiner, 2007, Behzadan and Kamat, 2009, De Crescenzio
et al., 2011, Martin-Gutierrez and Santos Pérez, 2011, Espindola et al., 2013). For instance,
this technology is proposed for the maintenance of complex products and machines, in par-
ticular in safety critical applications (Benbelkacem et al., 2010, De Crescenzio et al.,, 2011,
Henderson and Feiner, 2011, Lee and Akin, 2011), both for indoor (Kang et al., 2006, Wang
et al.,, 2008, Hamid et al.,, 2011), and outdoor applications (Behzadan and Kamat, 2009,
Chang et al., 2012, Ababsa et al., 2012, Schall et al., 2009). In addition AAR can be used to
support field engineers in navigating complex industrial plants such as nuclear power plants
(Ishii et al., 2007) and paper milling plants (Luukkainen, 2009), in reaching the interested
component and in conducting field inspections viewing real-time information on the operat-
ing status superimposed on the component itself. A second kind, termed Mobile Collabora-
tive Augmented Reality (MCAR) (Billinghurst and Thomas, 2011, Alem and Huang, 2011),
employs groupware applications in order to enable remote collaboration among geograph-
ically distributed users that therefore can share an AR experience using their mobile devices.
In particular, Bottecchia et al. (2010a) developed T.A.C. (Collaborative Tele Assistance) to

enable two communication principles fundamental for any collaboration: designation (i.e.,
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the need to point an object when speaking about it) and sharing the visual space in order to
correctly understand the work status. In the same way, Azpiazu et al. (2011) and, Alem et al.
(2011a) and Alem et al. (2011b) developed MCAR to enhance maintenance support over

critical component being repaired respectively in the railway and mineral extraction sectors.
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Table 5 Comprehensive overview of the features selected for the AR system proposed in literature.

Reference Context AR environment Man-machine interaction Level of collabora- Output Device Input Device Tracking System

(main purpose) tion

Indoor  Outdoor  Tangible Intangible Single Multi- HMD Handheld Physical Intangible Signal- Image Natural
user user device  system based based feature
based

Ababsa et al. environmental + + + + n g - +
(2012) science
Alemetal. mineral extraction; + + + + + ¥
(2011a) mining
Asai (2010) transportable earth  + + + + 4 +

station (usability of

HMD)
Azpiazu et al. railway sector + + + + n ¥ _
(2011)
Behzadan and urban construc- + + + + 4 + _
Kamat (2009) tion; excavation

operation (track-

ing)
Benbelkacem et  solar system; pho-  + + + - + + +
al. (2013) tovoltaic pump

system (ARIMA

platform)
Berning et al. onsite plant moni-  + + + + + 4
(2012) toring (concept

proposal)
Besbes et al. industrial mainte- + + + + + ¥
(2012) nance training
Bhatia and domestic mainte- + + + = + 4 +
Vijuyakumar nance (tracking)
(2012)
Bottecchiaetal. printersand PC n.s. n.s. + + + + +
(2009)
Changetal. road maintenance + + + 4 + +
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Reference Context AR environment Man-machine interaction  Level of collabora- Output Device Input Device Tracking System

(main purpose) tion
Indoor  Outdoor  Tangible  Intangible Single Multi- HMD Handheld Physical Intangible Signal-  Image Natural
user user device  system based based feature
based
De Crescenzio aircraft mainte- + + + + n.s. n.s. +
etal. (2011) nance (tracking)

Efthymiou etal.  production system  + + + + n.s. n.s. n.s.
(2012) control

Friedrich et al. industrial mainte- + + + n.s. n.s. n.s. n.s. - +
(2002) nance (ARVIKA
project overview)
Hamid et al. basic home net-
(2011) work management

Hendersonand  turboprop engine + + + + n ¥ ¥
Feiner (2007)

Kang et al. computer mainte-  + + + + n ¥ ¥
(2006) nance
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Reference Context AR environment Man-machine interaction Level of collabora- Output Device Input Device Tracking System
(main purpose) tion
Indoor  Outdoor Single Multi- HMD Handheld Physical Intangible Signal- Image
user user device  system based based
Kleiber and unexpected events, n.s. n.s. + + + +
Alexander need of expert
(2011) support (communi-
cation system with
limited bandwidth)
Lee and Akin Operation and + + + n.s. n.s. +
(2011) maintenance
(O&M) for HVAC
system
Luukkainen industrial plant + + + + +
(2009) maintenance
Martin- domestic mainte- n.s. n.s. + - + + +
Gutierrez and nance
Santos Pérez
(2011)
Pazetal. (2012) unprepared envi- + + + + +
ronments (track-
ing)
Platonov et al. automotive indus-  + + + +
(2006) try
Schwald and de  general mainte- + + + + +
Laval (2003) nance task
Schall et al. underground infra- + + + + +
(2009) structure
Siltanen et al. industrial plant n.s. n.s. + + + +
(2009) maintenance task
(data integration)
Stutzmanetal.  onsite plant moni-  + + + + +

(2009)

toring (AR device
development)




Reference Context AR environment Man-machine interaction Level of collabora- Output Device Input Device Tracking System

(main purpose) tion
Indoor  Outdoor  Tangible Intangible Single Multi- HMD Handheld Physical Intangible Signal- Image Natural
user user device  system based based feature
based
Tumler et al. picking task in + + + + + +
(2008) warehouse (usabil-
ity)
Wang et al. milling machine + + + + + +
(2008) maintenance (in-
frared marker)
Wang et al. aircraft component  + + + + + + + +
(2011) (co-located multi
user)
Zhuetal. (2012) PMand CMonCNC n.s. n.s. + + + + +

milling machine
(Authorable con-
text-aware AR)
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2.4.3 Identification and description of the typology dimensions

Starting from the comparison of features of the different applications, we developed a
typology that is helpful to identify the most adequate configurations of AR devices, on the
basis of the kind of services to be provided. This typology is built around three dimensions,
as explained in the following.

The first dimension reflects the way scenes and users movements are recognised and
tracked. In some applications, sensors, markers or other devices have to be placed in ad-
vance on the location where the service must be delivered. Conversely, other applications
use natural-feature algorithms that do not require markers. We call intrusiveness the extent
to which, prior to adopting and using AR, the service provider is obliged to prepare and mod-
ify, in advance, the customer’s environment.

The second dimension of the typology addresses the way users are requested to interact
with /O devices. We call portability the extent to which user’s motions and movements
could be prevented or not, as a consequence of specific I/0O devices such as handhelds rather
than HMDs (van Krevelen and Poelman, 2010). In addition, portability reflects also the fact
that technicians need to be agile and move frequently along the day, since they may have to
provide several services in different locations (Aleksy and Rissanen, 2012).

Finally, the latest dimension concerns the possibility of having real time augmentations
generated by remote users (such as in MCAR applications), instead of software agents (such
as in AAR applications). We call independence this dimension, as it addresses the extent to
which a technician, while doing her/his mission, likely resorts to external assistance as a con-
sequence of the gap between the mastered skills and those needed to perform the demand-
ed task.

For each of the above defined dimensions two levels have been considered, as depicted
in Figure 7. In the following paragraphs, the meaning of each level is described in more de-

tails.
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Figure 7 A typology of AR applications to support industrial services.

2.4.3.1 Intrusiveness
As mentioned above, intrusiveness is linked to tracking devices. Notwithstanding several
very different tracking devices exist as presented in sub-section 2.3.1.1, these can be

grouped with respect to an increasing level of intrusiveness as follows:
1. Natural feature-based and model-based systems

These systems are characterized by a low level of intrusiveness, since, as previously de-
scribed, no markers or sensors need to be placed in advance in the environment. Therefore,
they are suited to be used in contexts where the service provider has to serve a dispersed
installed base and the arrangement of the environment is not feasible, e.g., the customer

does not allow the service provider to place sensors and markers in its facilities.
2. Hybrid systems

This level corresponds to tracking systems made up of sensor-based and marker-based
tracking. In general, the adoption of this kind of solutions requires a high level of intrusive-
ness due to the need to prepare the environment in advance, placing sensors and markers.
However, this kind of systems can be used at least in two situations: i) whenever the product
needs anyway to be identified through a barcode, a tag RFID or a NFC device, e.g., to be ad-
equately managed within the enterprise IT systems; ii) whenever the relationship between
the service provider and the customer is so strong that the service provider can modify the

customer’s environment, and place markers and/or sensors over it.
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2.4.3.2 Portability
Depending on the portability of the AR devices, a technician can execute freely his/her

tasks, i.e., without any impositions related to technologies, or he/she needs to handle a dis-
play and/or hold a device with his/her own hands, etc. thereby limiting his/her movements.
Therefore, portability takes into account both input and output devices. Two different levels

are identified:
1. Handhelds

AR system portability is low when 1/O devices constraint the technician’s ability to oper-
ate, i.e., hands are not totally free to move. For instance, this is the case of devices that re-
quire at least one hand to be held such as joysticks or trackballs (to be used as input devices)
or smartphones and tablets (to be used as displays or to interact with the software applica-
tion). In these situations, in fact, the technician has to stop any task, e.g., put down any work

tool, in order to handle such devices and use AR.
2. Hands-free devices

AR system portability is high when 1/O devices are totally hands-free. For examples, head-
mounted displays to visualize the augmentations and vocal commands or opportunistic con-
trol (Henderson and Feiner, 2010) to interact with the software application, are proven to be

a solution in this case.

According to the kind of input and output devices, four combinations can occur: i) both
input and output devices are handheld (e.g. a tablet) limiting then the user’s movements and
so AR system has low portability; ii) both input and output devices are hands-free (e.g. HMD
and vocal commands) so the user does not have constraints in movements and the AR sys-
tem is highly portable; iii) if the output device is hands-free while the input is handheld, the
AR system has high portability since we consider the ability to perform freely the field task
viewing the useful information superimposed on the scene more important than the physical
interaction to skip to the next augmentation; iv) finally, the last case (i.e. hands-free input
and handheld output) is unlikely since usually output devices such as smartphones and tab-
lets allow both displaying of augmentations and interactions with AR application, thus addi-

tional hands-free input are not necessary.

2.4.3.3 Independence
The independence of the AR user is linked to the complexity of the task to be performed.

According to Perrow (1967), complexity in working procedure stems from uncertainty: when

a task is characterized by several exceptions (i.e., high task variety) and frequent new issues
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(i.e., low task analysability), it is less stable and predictable in terms of outcomes, and thus
more complex to perform (Perrow, 1967, Rapaccini and Visintin, 2008). Therefore we can
assume that, in these situations, there will be a greater need of obtaining external assis-
tance. Accordingly, in these cases collaborative multi-user systems are almost mandatory.

Hence, we can group AR applications with respect to their level of independence, as follows:
1. Collaborative multi-user systems

If task complexity is high, the type of information to be provided for the operator is re-
markable hard to be codified, structured and algorithmically treated (Bottecchia et al,,
2010b). If tasks require heuristic solutions due to the fact that unforeseen situations may
arise frequently, remote product specialists who have been already confronted with this
situation could helpfully support the less experienced field technicians. For this reason, AR
users are dependent from their colleagues and supervisors in performing their task. In this
scenario, MCAR systems allow easier distribution of tacit knowledge among field-technicians

and remotely located experts, whose presence on-field is not either possible or convenient.
2. Single-user systems

If task complexity is low (e.g., task is expected to be analysed and coded easily), AR users
are independent in performing their task from colleagues or supervisors since they need
information easy to store, retrieve and transfer through manuals, procedures etc.
(Bottecchia et al., 2010b). This information, in fact, can be efficiently translated into opera-
tional instructions that, as in the case of AAR systems, a software agent can superimpose on
a display and automatically/immediately associate to the real object, based on context-

specific situations.

In the next section, several configurations of AR systems that differ on the basis of the

adopted technologies will be discussed at the light of the proposed classification.

2.5 The fit between AR system and IFS scenario

Three patterns that seem particularly suited to group the reviewed applications of AR, in
relation to the features of the proposed typology have been identified. Following this line of
reasoning, each pattern represents a technological solution for the different scenarios and
issues that may arise in the provision of IFS. The main features of each pattern are summa-

rized in Table 6 and discussed in detail in the following paragraphs.
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Table 6 Summary of the characteristics of three patterns identified.

Pattern 1 Pattern 2 Pattern 3
Context of appli- Product recovery from Procedural task on com- Plant inspection; moni-
cation unexpected event; action  plex systems; action plan  toring of the industrial
plan not defined; inexpe-  defined; not frequent product’s status to en-
rienced technicians intervention sure its availability
Objectives of To allow remotely locat- To guide step by step the  To allow access of data
the AR systems ed experts/specialists to user in performing a pro-  from any facility locations
support field-technicians ~ cedural technical inter-
in performing a task vention
Users ofthe AR Technicians and product  Field technicians Maintenance engineers;
systems specialists inspectors
Examples of MCAR systems: TAC AAR systems: AAR systems: Simantic
existing AR sys- (Bottecchia et al., 2010b), ARIMA(Benbelkacem et Mobile (Luukkainen,
tems ReMoTe (Alem et al., al., 2010), ACARS (Zhu et ~ 2009), MARTI (Stutzman
2011b), R.E.A.L., etc. al., 2012), etc. et al., 2009), etc.
Independence Collaborative multi-user Single user Single user
Intrusiveness Natural-feature and Both levels (Context- Hybrid systems
model-based systems) dependent)
Portability Hands-free devices Hands-free devices Handhelds
1/0 device HMD with camera + HMD Handhelds: MARTI,
wearable PC; remote PC UMPCs, tablets,
+ AR application smartphones
2.5.1  Pattern 1: product recovery without a clear action plan

Pattern 1 refers to the so-called MCAR systems. As shown in Figure 8, a distinctive feature
is that MCAR applications allow remotely located users to collaborate in performing a specif-
ic task. Correspondingly, this pattern relates to the scenario described in section 2.1 where
technicians have to ensure timely and efficient recovery of product operating status, altered
as a consequence of uncommon/unknown problems. Hence, they need support because
either they cannot easily retrieve information on their own, or even the desired information
could not have been previously coded and documented. In this case, the support provided
by a product specialist from a remote workplace can be helpful to firstly identify, even heu-

ristically, the searched solution and then to guide the technician towards its application.
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Figure 8 Pattern 1 - AR system features to support product recovery without a clear action plan.

More specifically, two distinct cases can be highlighted. The first case concerns the occur-
rence of some unexpected events, like failures, for which underneath causes must be firstly
investigated in order to identify the action plan to follow. Actually, troubleshooting of com-
plex systems is mostly unstructured. Notwithstanding checklists can be used, practical expe-
riences and intuition of product specialists, still play a major role. Then, if the problem can-
not be solved in isolation, it is generally assigned to a more skilled technician that is called
for providing remote help-desk. The second case, instead, may concern the deployment of
very inexperienced/young technicians. Complexity, in fact, is relative and depends on the
gap between the skills requested and those already mastered, on average, by the workforce.
Hence, even routine activities (e.g., planned maintenance on new products) in some cases
may take advantage of external support (e.g., receive guidance on disassembling steps and
procedures). The only difference with respect to the first case is that the task contents or the
way these contents can be accessed are not unknown, since they are usually described in

technical documents.

As already mentioned, mobile phones are the most used tools to communicate from the
field with remote product specialists. However, these devices do not ensure information
exchange symmetry, since product specialists could find difficulties in getting a clear picture
of the situation that field technicians have to face, and in communicating the actions to be

undertaken.

This type of AR application allows thus, collaboration among multi-users (i.e. low inde-
pendence). In addition, as unexpected events may arise anytime, it is not possible to prepare
in advance the working environment with markers or other signs. Hence, the intrusiveness is

low and tracking solutions are based on natural features rather than on algorithmic models,
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that are proven to be effective in keeping a correct position between real and virtual objects,
irrespective of changes of user visuals. Lastly, in this pattern, portability is high. In fact, tech-
nicians need hands free since they may have to perform physically some tasks. Therefore, AR
for this kind of applications should be made up of at least two different user interfaces, one
for field technicians and another one for remote product specialists. The first can be imple-
mented through a HMD, with camera, headset, microphone and a wearable computer. Re-
mote workspace, instead, can be equipped with a PC where the application software runs,
microphone and headphones (see Figure 9). The camera allows real time sharing of the
viewed scene; then, the remote product specialist can augment this scene by adding objects
such as forms, arrows, 3D models, in addition to support technicians with voice communica-

tion.

Figure 9 Example of MCAR system (Alem et al., 2011a): left product specialist in front of the AR tool; right:
technician equipped with MCAR during a field intervention.

2.5.2  Pattern 2: routine maintenance or product recovery with a clear action plan

This pattern is used to group AAR systems that do not exploit a remote user to determine
the type of augmentation of reality (i.e. high independence) (see Figure 10). Therefore, these
systems have been usually proposed as single user applications, in which software agents
guide step by step the user in performing its task. Hence, visual aids such as texts, images,
videos, graphs, arrows, etc. have to be previously prepared and uploaded into the system'’s
repository, according to the chosen software standards and environments. Since this infor-
mation has to be known in advance, these systems are suitable for tasks as procedural as
disassembling, preventive maintenance, product recovery, i.e. where an action plan can be
developed and then coded in advance, through visual instructions. Moreover, these tasks
require technicians to perform physical interventions on products, so they need their hands
free; to this concern, most of the reviewed applications adopt HMDs as output devices (i.e.

high portability).
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Figure 10 Pattern 2 - AR system features to support product recovery with a clear action plan.

Since procedural tasks are less complex than troubleshooting activities, experienced
technicians do not usually need to be assisted by visual aids. Anyway, two situations may
arise in which AAR systems could be adopted. The first refers to the case in which a techni-
cian has to perform an intervention for the first time, and then a guide could favour its exe-
cution. This could be the case of i) inexperienced/young technicians (AAR could support also
training on the field), ii) the release of upgrades, modification or totally new versions of the
product, and iii) service interventions with very low frequency. The second situation, instead,
refers to particular cases in which wrong procedures could affect people safety and/or cause
damage to high-value components. In this case, the use of AAR systems could help facing the
contextual criticality and complexity. For instance, maintenance sequence for assets as com-
plex as those found in industrial (Platonov et al., 2006, Reinhart and Eursch, 2008,
Benbelkacem et al., 2010, Lee and Akin, 2011), military (Henderson and Feiner, 2009) and
aerospace domains (Asai, 2010, De Crescenzio et al., 2011) span typically dozens of tasks and
involve potentially unfamiliar objects randomly distributed across a given area. Moreover,
movements in and around these systems can be complicated by structural characteristics
that restrict a technician’s view and freedom of movements. This is the situation, for exam-
ple of maintenance in aircraft (De Crescenzio et al., 2011) or in an armoured carrier turret
(Henderson and Feiner, 2009).

It is worth to notice that, according to the literature contributions that concern this kind
of applications, both hybrid and natural feature-based tracking systems are proposed to im-
plement the AAR systems. Hence, the selection of the tracking system seems to depend on
the context. In particular, if the environment can be prepared in advance, because the cus-
tomer allows the placing of fiducials and/or the use of existing RFID tags, barcodes, etc. as

markers, then hybrid tracking such as inertial and marker-based seems to be the best solu-
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tion. Conversely, in case fiducials cannot be installed in the service facility, (e.g. fiducials are
too bulky or the service provider has not the required permission to place them) natural
feature-based and model-based tracking systems have to be adopted. For instance, in case
of outdoor applications (environment too large to be covered) GPS technology is used to
track the user’s movement, while natural feature-based or marker-based systems track the
scene (Behzadan and Kamat, 2009).

2.5.3  Pattern 3: monitoring the equipment/product’s functioning

This pattern (see Figure 11) refers to applications located in a large area. For instance,
this could be the case of maintenance crew and engineers that need to carry on some field-
inspections (such in the case of risk-based inspection (RBI) maintenance). In a situation like
this, AR systems could be helpful to support technicians in reaching the workplace and find-
ing the asset to be inspected and/or maintained among the multiple installations/plants. As
the area to be covered by the AR application increases, a larger amount of information
needs to be uploaded in advance on the system, and more efforts are required to prepare
the environment. Since traditional sensors and marker-based systems can track positions
over limited zones, for this kind of applications researchers and engineers are evaluating the
use of particular signs (e.g. circular and linear markers) to reduce the number of markers
needed to capture larger environments and, at the same time, recognize easily the worker’s
position and orientation, even from a long distance (Ishii et al., 2007). It is worth to notice
that, in the next years, these issues could be definitively overcome with natural feature-
based tracking, since an improvement in existing algorithms to compensate changes in
brightness and shadows can be expected, and more computing power will be made availa-
ble.

Nntrusiveness

Hybrid systems

Portability

L
Handhelds

Single user

Independence

Figure 11 Pattern 3 - AR system features to support the monitoring of the equipment/product’s functioning.
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Anyway, several situations where these systems are proven to be useful can be pointed
out. For example, if a maintenance engineer in order to guarantee the availability of an in-
dustrial plant/product needs to carry on a field inspection, he/she needs to access operating
information while standing in front of the equipment. In a situation like this, the AR system
can provide the right information to the plant floor at the right moment. In fact, through the
system interface some simplified information can be superimposed on the real scene and
displayed, thus facilitating the interpretation of the running conditions. In particular, the
information that can be achieved by the AR system, together with data coming from process
control and factory automation systems (Berning et al., 2012), can include also visual aids to
safely and efficiently route the workers to their work place and/or help them in identifying
the parts to be maintained. This can be very helpful in facilities such as nuclear power plants

(Ishii et al., 2007) and paper milling plants (Luukkainen, 2009).

In order to satisfy these needs, the AR systems available in literature present common
features. The first one is the need for collecting the field information to display through AR
devices. With this respect, Espindola et al. (2013) developed a solution to integrate infor-
mation coming from CBM (Condition Based Maintenance) using Watchdog Agent system (i.e.
intelligent maintenance system) and CAD models to be displayed through mixed reality de-
vices. In addition Efthymiou et al. (2012) proposed a predictive maintenance platform that
integrates data gathered from sensors, fault diagnostics and past knowledge of failures. AR is
used in their platform to display in an easy way the results of maintenance activities through

handheld devices.

Another common feature of these systems is the selection of handhelds as input/output
devices (i.e. low portability). In these scenarios, in fact, the purpose of the task to be per-
formed is to monitor/inspect the condition of a machine or a plant. It is then not necessary
to implement HMDs because the user (technician or maintenance engineer) does not need
his/her hands free. The selection of handhelds is thus convenient as the screen is wider, and
the computer intelligence is embedded avoiding wearing a PC. In addition the touch screen
of tablets, the keyboard and trackball embedded on UMPCs or smartphones, and the camera
embedded on all the handhelds make them the only device required for both input and out-
put. With this respect, Stutzman et al. (2009) developed MARTI (Mobile Augmented Reality
Tool for Industry), a UMPC that incorporates the needed hardware including camera and
inertial measurements unit in order to be able to run the most robust visual tracking algo-

rithms.
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Finally, to allow the AR application to run in a large area, usually hybrid tracking systems
are implemented (i.e. high intrusiveness). If the components are identified with a barcode, a
RFID tag (Berning et al., 2012) or using USN (ubiquitous sensor network) (Lee et al., 2010a),
the AR application has to be able to read them in order to identify the object and to display
the correspondent information. Considering that usually plant components are serialized, in
this case the implementation of marker-based tracking system is feasible and do not require

the service provider to place additional fiducials at customer’s premise.

2.6 Conclusions

Notwithstanding several industrial applications of AR have been already proposed, since
this technology is still emerging, indications about which technical solutions should be
adopted to support the provision of IFS are not clear. To fill this gap, this chapter introduces
a typology that classifies these systems with respect to three dimensions: intrusiveness,
portability and independence. Then, three patterns emerged in which different configura-
tions of AR systems are suggested to be adopted to provide IFS that differ in terms of their
value proposition and application context. In particular, if the aim is to recover the product
functionality, two different types of system could be introduced: i) single-user AAR and, ii)
MCAR. The first could be introduced when the action plans can be easily translated into code
and algorithms, thus AR technology can help technicians to get the right information in the
right place and at the right time. As a result, workforce productivity can be improved. The
second, instead, could be adopted in case of complex/divergent problems. In these situa-
tions, prior to deciding what actions have to be done, collaboration and support from re-
mote help-desk can favour problems troubleshooting. Therefore, MCAR systems can assure
symmetry in bidirectional communications without introducing idle times. However, in case
the main goal is an improvement in the asset availability, the focus of service task shifts from
tangible to intangible objects. In this case, in fact, information about product status, custom-
er environment, process mission and functional parameters needs to be achieved in order to
carry on some inspections or to define, eventually, some action plans. Hence, AR system
embedded in handhelds can support this task improving the visualization of information,

standing in front of industrial product.
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The typology developed in this study reflects the state-of-the-art of technology, proto-
types, commercial devices, etc. currently available. However, taking into account the rapid
evolution of these kind of systems, we believe that as soon as current limitations related to
technical issues will be overcome, different configurations will converge in one-size fits all
solutions. Accordingly, the levels of our typology could collapse. In particular:

a) Intrusiveness. In a world more and more interconnected, dominated by global tele-
communication network with continuously growing bandwidth, AR applications will
evolve towards minimum level of intrusiveness. In this way, the augmentation of reality
will be experienced independently from the location, since movement tracking will be
made possible through gyroscopes, accelerometers and GPS receivers, and markerless
algorithms will enable the recognition of any natural features of the environment.

b) Portability. In order to provide the users with an AR experience as natural as possi-
ble, AR devices need to be less invasive. For this reason we expect an increasing spread
of HMDs (probably thanks to the famous Google™ glass project) at the expenses of
handheld devices. For example, if the field of view of current HMDs will increase, one of
the main advantages of tablets and smartphones, i.e. the wider screen, will be nullify.
€) Independence. This dimension identifies two different configurations (single user or
remote multi-user) that reflect scenarios as diverse as procedural tasks and trouble-
shooting of unexpected events. However, sometimes the outputs of a troubleshooting
activity include the identification of procedural task to be performed in order to solve
the problem. For this purpose, it is expected that AR systems will allow firstly the com-
munication with a product specialist to find a solution and then, being automatically
guided in the execution of the procedure.

Concluding, in this chapter the results of the first step of our theory building process are
reported. In particular, based on the review and consequent conceptualization of the litera-
ture concerning AR applications for service provision, the possible IFS scenarios in which AR
systems can be adopted are identified and discussed. Given the theoretical foundation of the
typology and related patterns proposed, some empirical studies will be presented and dis-
cussed in the next chapters in order to verify our framework. In particular the rest of this

dissertation will focus on deepen Pattern 1, i.e. the usage of MCAR to improve the commu-
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nication and interaction between technicians and remote experts during troubleshooting
activities. Firstly, some case studies are carried out in order to understand the impacts of
MCAR on the service delivery system i) involving a company that is not using MCAR through
a usage demonstration (Chapter 3) and ii) interviewing some companies that have already
adopted MCAR on their introduction process and MCAR experience (Chapter 4). Then, Chap-
ter 5 deals with the evaluation of MCAR adopting the end users’ perspective. In particular
their perceptions of usefulness and ease of use and, their intention to use MCAR in their

activities will be investigated.
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Chapter 3

How AR Impacts on service
delivery system: the case of
Océ ltalia-Canon Group

The analysis of the literature carried out in the previous chapter highlighted that there is
a paucity of studies that investigate in depth the impacts of AR in real contexts. Most of this
literature, in fact, is focused on discussing advances of technology and on developing state-
of-the-art prototypes (Zhou et al., 2008). The few works that address the impact of AR tech-
nology on end users usually focus on devices’ usability issues, since they are purposed to
improve the design of human-computer interfaces (Bowman et al., 2002, Swan and Gabbard,
2005). However, even understanding how the interactions of end users in performing IFS
change and how the service delivery system should be modified to include the usage of
Augmented Reality is critical for the success of its adoption but, to the authors’ best
knowledge, still unexplored. In particular, we focused on Pattern 1, i.e. the usage of MCAR to
support product recovery without a defined action plan. Since research upon those issues is
still in its infancy, the underlying concepts need to be still explored and clarified. Thus, we

adopted a qualitative case-based research that has proven to be particularly adequate in the
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early stage of theory-building (Meredith, 1993, Voss et al., 2002). In particular, from October
2011 to May 2012 we carried out an in-depth single case study in Océ Italia — Canon Group,
a company that provides contractual services such as routine maintenance and fix & repair,
to the installed base of equipment and that is not using MCAR for service provision. To eval-
uate the opinion of service managers, product specialist and technicians towards MCAR, we
planned and executed a demonstration of its usage in a real setting, thus involving some
potential users. In this way, interviewing the participants after the demonstration, technical
and managerial issues that can prevent the adoption of this kind of technology were identi-

fied and discussed.

In the following, firstly the company and the MCAR selected for the case study are de-
scribed. Then, in sections 3.3 and 3.4 the methodology is presented whereas section 3.5

summarizes the main findings emerged.

3.1 Case study selection

We focus our analysis on the Italian subsidiary of Océ (i.e. Océ Italia — Canon Group). This
company was selected since: i) it provided contractual services such as routine maintenance,
spare parts, consumables, repairs and upgrades, to the owners/operators of its professional
products (i.e. installed base); ii) a substantial part of revenues (around 30%) streamed from
service contracts; iii) services were delivered by a direct work force, according to specific
service level agreements; iv) the service network was sufficiently large to consider field
technicians as dispersed workers (Corso et al., 2006); v) the service director was interested
in investigating how collaboration among field technicians and remote experts could im-
prove by means of Augmented Reality and mobile technologies; and vi) the authors were

allowed to access the company’s data as well as to interview several technicians.

311 Océ - Canon Group

In 2010, Océ joined the Canon group of companies with headquarter in Tokyo but only
during 2012 Canon was the majority stakeholder of Océ shares, so that Océ is now part of
the Canon group. However, at the time of the study, it was one of the world’s leading pro-
viders of document management and printing for professionals. Océ counted more than
20,000 employees and was active in over 100 countries, in which 27 with its own direct sales
and service organizations. The company had research and manufacturing facilities in Europe,
the United States, Canada and Singapore. Total revenues in 2011 were € 2,597million and

the operating income excluding one-off items was €22 million, showing a negative trend
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compared to the previous year (i.e. in 2010: total revenues amounted to €2,674 million and
operating income was €74 million). The financial results of Océ mainly depended on the ex-
ternal disruptions of their ordinary business and deterioration of some of their markets (e.g.
the market of wide format printers usually used in building industry) (Océ N.V., 2011). With
this respect, its acquisition by Canon was seen as an opportunity to extend their product
portfolio mainly focused on production and wide format printers, including Canon products
that cover the market segment of office printers where Océ had a lower market share (De
Silva et al., 2010, De Silva and McNee, 2011). In addition the shared purpose of Canon and
Océ was to become in this way the world leader in the printing industry, covering all market
segments, developing together innovative technologies for printing and thicken the distribu-

tion and support network on field.

Océ is present in ltaly since 1969 with the subsidiaries named Océ Italia — Canon Group.
Its headquarters is in Milan but it is present in all the national territory with more than 400
people. The total revenues of Océ Italia — Canon Group in 2011 amounted to €83 million
confirming the negative trend showed at global level, if compared to the previous year (i.e.

in 2010: total revenues amounted to €90 million).

In the rest of the section, the offering and the organization of the field service network

are presented with respect to Océ Italia — Canon Group.

3.1.2  The offering

Océ ltalia —=Canon Group is divided in three business units: Digital Document Systems that
includes Document Printing and Production Printing, Wide Format Printing Systems and
Business Services. The first two business units correspond to products lines manufactured

whereas the latter is transversal to the organization.

Document printing focused on document flow and printing management solutions for
small format - maximum A3 format. Main products are multi-functions, laser printers, fax
and, since 2010, those products are mainly Canon office printers sold through Océ own dis-
tribution channels. In addition printers can be equipped with software programs for device
management, scanning and distribution management, cost and access management, securi-

ty management and print management.

Production printing, instead, includes printers for transaction, graphic arts, corporate en-
vironments and for publishing. Products in this category include production printers and

digital presses both cut sheets and continuous feed and colour or black and white. This
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equipment can reach a speed higher than 1000
duplex A4 printed pages per minute, and they
are the core of the production process of
TransPromo and Direct Mailing business. To

manage this huge printing data flow, besides

mechanical and electrical parts, these machines Figure 12 Continuous feed production printer.
are equipped with sophisticated controllers and dedicated software (such as software for
creation, job submission, production management, pre-press and make ready, order pro-

cessing and archiving of print jobs).

Wide format printing systems, then, include large format printers, plotters, copiers, fin-
ishing equipment and software (such as for display graphics and CAD/GIS workflow man-
agement, print shop management and distribution management) for the production of wide

format documents for technical and graphic arts solutions.

Finally, with respect to business services, these are divided in managed print services and
professional services. The first one consists in managing the installed base of printers of the
customer during their working life taking charge of maintenance activities, refurbishment of
spare parts and consumables, help-desk services etc. Usually the provision of those services
is regulated by service contracts. The latter, instead, are consulting services in which Océ
Italia — Canon Group offers support from first advice to life-long support, including the opti-

mization of the document workflow of the customer.

With respect to the case study carried out, we focused on production printing since this
kind of printers were pointed out as the most complex and critical products to be serviced.
In particular, we decided to focus on the latest model of continuous feed production printer,
in order to address the potential applications of MCAR in those cases in which the effective
provision of field services can be largely critical for the continuity of the customer’s business.

In the next sub-section the service delivery process of Océ Italia — Canon Group is described.

3.1.3  The organization of field service network

Given the high complexity of production printers, their maintenance and restoration re-
quire specific capabilities and tools. For this reason, usually these printers are sold in bundle
with different types of multiyear service contracts. In the most common situation, services
such as installation, preventive maintenance, replacement of defective/broken spares, re-
mote support, and firmware upgrade, etc. are provided by the OEM service network against

a fixed-rate fee.
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However, the service performance to match is dictated by Service Level Agreements
(SLAs) that may concern response or recovery times, as well as the yearly availability of
equipment to be assured. In case the expected performances are not respected, some pen-
alties may be issued. Hence, to make more profits and achieve customers’ satisfaction, the
service network is in charge of delivering effective and efficient field services, in the shortest
time. This is not straightforward, for the following reasons. Firstly, as innovation cycles be-
come more frequent, new printers as well as hardware, firmware and software updates, are
continuously released to the market. Hence, field force needs to be systematically trained
and this is expensive and complicated, since technicians are dispersed over several districts
(e.g. at the time of the study Océ lItalia — Canon Group, counted more than 30 service cen-
tres, mostly located near customers’ premises). Secondly, unexpected events and/or un-
known situations frequently occur in the field. Hence, field force needs to receive constantly
support from remote experts. Irrespective the ultimate goal is to either train technicians
from remote centres or support remotely the field intervention, in many occasions the field
force is requested to communicate with remote experts—such as the product special-
ist—that are residing in customer support centres. To this regard, field technicians are com-
monly equipped with mobile phones and laptop PCs. These latter can be used to connect to
the printer, run diagnostic checks, retrieve operating status and fault history, as well as to
access technical documentation including user manuals and procedures. In case a field issue
cannot be solved by the field technician in isolation, she/he recurs to the remote support.
The first attempt is, thus, to use the mobile phone, call the product specialist and ask for
suggestions. In case, again, the problem cannot be solved, the product specialist establishes
a remote connection to the machine, and runs some troubleshooting procedures. If a solu-

tion is not found, he/she is definitively entitled to visit the customer site in the next days.

From the above considerations follows that the Océ network is adopting the typical multi-
skills structure, where issues are escalated from inferior to superior levels in case of need, to
engage more skilled resources. Given the intense collaboration among the network levels,
the Océ Italia — Canon Group service director appeared enthusiastic of evaluating a technol-
ogy that, even if at a pioneering stage, could improve the exchange of information. This is

clearly pointed out by this passage from the interview:

“We have to face different degrees of criticality and complexity of field interventions, thus
we designed our service network with different levels of competence in order to adequately
support the field force. The introduction of ICT that could improve the way we deliver services

is thus an interesting opportunity”.
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3.2 Selection of MCAR system

To organize the demonstration, we needed to select an MCAR system according to the
following criteria: i) it should allow video/audio communication between remote users; ii)
technicians should use it with hands free; iii) it should not require to place markers in the
customer’s facility; iv) it should be set up easily and quickly, in different contexts; lastly, v) a
testable system should be made available, at low cost, for the purpose of this study. Follow-
ing these criteria, we selected a system, named REAL, that is produced by VRmedia, a start-

up company of Scuola Superiore Sant’Anna of Pisa.

HMD and camera

Wearable PG

Headset and
microphone

Portable camera

Figure 13 MCAR system used in this study for the field force (left side) and the product specialist (right side).

The chosen system is composed of several separate devices (see Figure 13). The techni-
cian is equipped with a mini PC and a portable camera, which is tied at his/her waist. In addi-
tion, he/she wears a near-eye display that can be either optical or video see-through, and a
camera as well as a headset, both mounted on his/her helmet (thus, matching the second
criterion). The product specialist can be remotely connected via any desktop/laptop com-
puter running the AR application. Hence, he/she receives the video stream from the cameras
and is able to communicate with the field technician through audio and visual instructions,
such as text, arrows, circles, 3D images, etc. (first criterion). Visual aids and voice commands
would thus make field troubleshooting faster, as more specialized skills can be exploited to
investigate the cause of any failure, as well as to guide field interventions, maintenance and
recovery activities. The AR application uses a natural feature recognition algorithm as mark-
erless tracking system (third criterion). In this way it automatically determines the techni-
cian’s position in the scene in order to superimpose the virtual information at points of the
screen that follow the technician’s movement. Moreover, communication can be supported

by networks as different as Wi-Fi, LAN, cellular or satellite. Finally, since it is the duty of the
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product specialist to retrieve and upload information such as documents, drawings, proce-
dures, etc. to be sent to field technicians, there is no need to upload these contents in ad-

vance on the mobile device (fourth criterion).

3.3 Research protocol

In this case study we used a qualitative approach. In particular, to evaluate different ex-
periences of usage of MCAR technology, we needed to detect and observe any factor that
could undermine the delivery of technology-assisted services. Thus, we arranged a demon-
stration in a real setting. Firstly, we asked the service director for selecting one of their cus-
tomers to host the demonstration stage at its factory, making available some printers to
simulate the servicing activities. A company that prints massive volumes of transaction-
related documents, such as statements, invoices, or bills, using the latest models of produc-
tion printers manufactured and serviced by Océ Italia — Canon Group was chosen. After hav-
ing explained the purposes of our study, the manager agreed to stop for a few hours one of
its machines to allow our demonstration to take place. The only restriction was that the
demonstration should not occur at the end of a quarter, when millions of bank statements
have to be printed and sent to the account holders. Secondly, a non-disclosure agreement of
reserved and confidential information was prepared and signed by the involved parties, i.e.
our laboratory, Océ ltalia — Canon Group, the selected customer and the MCAR provider.
Then, we defined the demonstration program in accordance with the service director of Océ
Italia — Canon Group. In particular, a couple of technicians and a product specialist that were
appointed to be representative of the field force were selected to take part in the demon-
stration. After being equipped with the technology, they were asked to respectively execute
and remotely support certain service activities. Lastly, they were interviewed recurring to a
semi-structured questionnaire that was previously prepared by the researchers. In addition,
the authors interviewed the service director—who assisted to the event without interfer-
ing—in order to obtain data triangulation as well as internal consistency (Yin, 1994, p.46).
This allowed us to achieve new insights into the opinions of the interested people, from mul-
tiple points of view. A short video of this experience was produced to explain how MCAR
could support the execution of field services in the Océ Italia — Canon Group assistance net-

work®.

® http://www.youtube.com/watch?v=5-5EHKA-6qY
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3.4 Demonstration and interviews settings

The purpose of the demonstration is to achieve information about the use experience of
the people involved that, therefore, act as informants. Their roles and company positions are
pointed out in Table 7. In order to let both the technicians and the remote specialist experi-
ment the MCAR system and get aware of its main features, the real conditions of different

service scenarios were simulated.

Table 7 People from Océ Italia— Canon Group involved in the case study.

Informant Company Role played in the demonstration
position
A Service director Responsible of managing and coordinating the team of people in-

volved, as well as to handle the relationships with the customer that
hosted the demonstration

B Product specialist Remote expert, responsible to guide the field technicians in execut-
ing the intervention, by means of the MCAR system
CandD Field technicians ~ Workforce, responsible to directly execute the field intervention

supported by the remote expert through MCAR

Then, in order to evaluate the learnability and ease of use of the MCAR system from a
broader perspective, only the technician identified as Informant C received a 2 hour training
session. In particular, we give detailed instructions about how to wear the personal devices,
how to use the see-through display and visualize the contents superimposed to the real en-
vironment, etc. Lastly, two scenarios related to the use of MCAR to support the execution of
field service activities were planned and executed. These consisted, firstly, in running a trou-
bleshooting procedure to discover the causes of a simulated malfunctioning. Then, the field
operator had to identify, among several components, the one that caused the fault (e.g. a
disconnected switch) and, lastly, to execute the maintenance activity. Demonstration was
repeated twice, with Informant C and D, both being remotely supported by Informant B.
Actually, he was located in a room next to the job shop in order to let the researchers ob-
serve his behaviour at the same time. To make them comfortable, the people involved were
previously assured that the observers were not evaluating their individual performance. At
the end of the experiment, all participants were requested to take part to a face-to-face in-
terview. In particular, they were asked to report their overall impression of the MCAR use,
the difficulties they had, the positive aspects, what they would change and, lastly, the issues
they believe could prevent the adoption of MCAR technologies to support their field opera-
tions. Each interview lasted around one hour, were tape-recorded, then transcribed and sent

to the Informants for validation.
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3.5 Findings

Technicians involved in the demonstration gave us a very pos-
itive evaluation of the MCAR system. As Informant B, C and D
stated, the device was found to be “easy to use, simple and user-
friendly”. The system was suggested to be particularly effective in
supporting field interventions, when a high level of uncertainty
must be faced. This is remarked by the following passage from
Informant C's interview: “When there is a strong need for collab-

oration, as for servicing new products, these devices are certainly

useful”. Moreover, a substantial improvement of the communi-
cation between the remote expert and the field technician was  Figure 15 Field technician.

recognized, as the bidirectional exchange of visual infor-
mation was proven to lower misunderstandings. “/ cannot
deny my enthusiasm for the system that, if properly imple-
mented can give good results, greatly improving also my
daily activities” stated Informant B. As Informant B stated,

in case field technicians would use MCAR, the amount of

Figure 14 Product specialist. field interventions by product specialists— 3rd-level sup-

port—could be greatly reduced.

On the other hand, interviewees pointed out some criticalities, pertaining to both tech-
nical and organizational issues that, in their opinions, should be overcome before MCAR
could be adopted for field services. In the following the mentioned problems are further

discussed.

3.51 Technical issues

Firstly, some issues related to a not adequate ergonomics of the devices are identified.
For instance, both Informants B and C complained that the size and the weight of the HMD
should be reduced to avoid stress for its users in case of prolonged use. As also confirmed by
some authors (Zhou et al., 2008, van Krevelen and Poelman, 2010), these kinds of improve-
ments are crucial for state-of-the-art devices, prior to introducing them in industries. Despite
technicians found that “using HMD was intuitive and easy”, they actually suggested that
some additional resting time could be required as a consequence of the eye’s strain due to
the continuous change of focus of the see-through display. In addition, the way the different

equipment is worn should match any health and safety requirements. For instance, to hold
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up the camera, the display and the headset, wearing a helmet is adequate in case workers
are anyway obliged to wear helmets due to safety requirements. Some other limitations
identified in the experiment, can be easily overcome with technology advancements. For
instance, the cable that connects the display with the mini PC and that restricts the mobility
of the user could be replaced by a wireless connection. Finally, the portable camera was ex-
tremely useful to access tight areas and send pictures and video streams of hidden objects.
Nevertheless, some additional lights would allow a clearer view of the most shaded objects.
In addition, this video stream could be enhanced as well, through the superimposition of

virtual objects by the remote expert.

Then, the issue related to the efficiency and security in transferring data and communica-
tion between remote users was pointed out. With respect to the first aspect, Informant B
believed that “good connection and transfer rates are the basis of a successful AR experi-
ence”. Hence, the choice of the telecommunication infrastructure—Wi-Fi, cellular or satel-
lite— plays a crucial role. Moreover, the transfer of data has to be protected by means of
secure protocols, since customers would never allow unencrypted data to be accessed and
transmitted outside their facilities. This latter issue was remarked also by Informant B that, in
a passage of his interview, highlighted the “problem to connect the machine with the exter-

nal world”.

3.5.2 Managerial issues

Interviewing Informant A, some preconditions for favouring the introduction of AR in in-
dustrial companies as well as some considerations related to how MCAR will change the ser-
vice delivery system were pointed. With respect to the first aspect, firstly, this adoption must
be evaluated at the light of a detailed cost/benefit analysis that should consider if the organ-
ization needs this kind of technology, how service delivery process is impacted, how re-
source are saved and so on. In other words, the introduction of AR should be feasible from
both a technical and economic point of view. With respect to Océ Italia — Canon Group, for
instance, MCAR systems have been considered as a way to simplify maintenance tasks, im-
proving the efficiency and effectiveness of the intervention. In addition this technology has
been pointed out as a great opportunity to reduce the highly costs related to the deploy-
ment of skilled technicians. Secondly, the mind-set of people and, therefore, the innovation
pace of the organization should be considered, since it could greatly favour or, conversely,
impede the adoption of this technology. In fact, the openness or not to innovation and new
technologies is a crucial factor for the acceptance of new methods in providing the same

outputs in a better way. Informant A actually, perceived that the mentioned managerial is-
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sues could prevent, if not properly managed, the rapid spread of this technology in mainte-
nance and in services, more than the technical issues described in the previous sub-section.
In fact, he believes that these will be overcome in the next years. Similarly, the amount of
investments that up to now is not negligible is believed to decrease as a wider utilization will

lead to the down pricing of displays, microprocessors, etc.

With respect to the process redesign, we believe that MCAR is directed, within a few
years, to become a standard equipment of service network and maintenance departments.
Therefore, managers should be aware of this, and prepared to work for their adoption as
soon as few technical restrictions will be overcome. For this reason, different stakeholders
(technicians, remote experts, R&D department, customers, etc.) should be involved in de-
mos, simulations, prototypes testing activities etc. for two reasons: on one side managers
can assess and control the resistances towards the wide spread innovation of the service
network, and on the other, this could be an occasion to rethink the ways field services are
delivered. With respect to this latter possibility, we can draw out some considerations con-
cerning the redesign of the service delivery system, as also suggested by several passages of
the interview with Informant A. Given the above-mentioned expected benefits mentioned by
Informant A, in fact, he stated that MCAR adoption will “change significantly when and how
to train field force and so the kind of skills distributed on the field and in the back office”.
Therefore, by means of MCAR, the delivery network could be redesigned through the intro-
duction of a highly skilled central help desk to support field workers. Hence, field force could
be mostly productive even with a simplified training program. However, prior to deciding to
reduce the efforts for training field technicians, labour unions relationships should be care-

fully managed, especially in large service networks.

Finally, Informant A highlighted the possibility to use these systems also to support
maintenance tasks on low complex products, where the AR user could be the final user i.e.,

the product operator.

3.6 Conclusions

This chapter deals with a first assessment of the perception of potential users of MCAR
technology in supporting IFS provision. In particular, using data from a single case study (i.e.
Océ ltalia — Canon Group) we performed a demonstration in a real setting, to show how
MCAR can support field service delivery. Through the qualitative observation of a couple of
technicians and a product specialist while testing the devices and collaborating to solve a

simulated fault on a printing machine, and through interviews, several issues that could pre-
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vent MCAR adoption were identified. As confirmed by our study, even if some features of
the MCAR system were pointed out as suggested improvements prior to introducing this
technology as a working tool (e.g. the size and weight of the wearable equipment, the secu-
rity of data transfer outside the customer’s local network), the technicians involved in the
demonstration declared they would be willing to use MCAR in their daily work. In addition,
even from a managerial perspective the possibility to achieve benefits in terms of cost and
time savings adopting MCAR emerged as well as some ideas related to the redesign of the

service delivery system.

Notwithstanding its relevance, this study has got some limitations as well. Firstly, since
we used a single case study involving a company that is not currently adopting MCAR, this
research will be repeated in other contexts/companies. In particular, in the next chapter two
retrospective case studies will be carried out involving companies that are adopting or have
already adopted MCAR in their field network in order to evaluate how they faced or are fac-
ing the related challenges. Secondly, this study involved only few technicians. Therefore, the
generalizability of our findings needs to be accurately addressed. For this purpose, in Chap-
ter 5 the users’ perception of usefulness and ease-of-use of MCAR will be quantitatively in-
vestigated administering a survey based on TAM (Davis, 1989) and TTF (Goodhue and

Thompson, 1995) to the field force of several companies.
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Chapter 4

How AR Impacts on service
delivery system: two retro-
spective case studies

This chapter aims at refining the preliminary findings gained through the explorative case
study presented in the previous chapter in order to confirm or not the technical and mana-
gerial issues identified. With this respect this chapter presents the findings from two retro-
spective case studies conducted during the first three months of 2013 in SIDEL and IMA
Servizi, both pioneering companies that have adopted MCAR technology to support their
field service network. In addition to confirming the preliminary results, then, purpose of the-
se case studies is to get insights into the introduction process of MCAR. In particular, we
highlight and discuss the issues related to the pre-implementation stage of adoption such as
the reasons why they decided to introduce this kind of technology to support field service
delivery and to the implementation and post-implementation stages such as the steps fol-

lowed to introduce MCAR and the benefits and problems experienced.

In the following, firstly the research protocol used and the profiles of the case studies se-

lected are described. Then, in sections 4.2 the main findings are summarized while section
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4.3 concludes the chapter merging the findings gained from both the explorative and retro-
spective case studies, and identifying two main areas of improvements for companies that

decide to adopt MCAR technology.

41 Research protocol

In this study we adopted the same methodology of the previous chapter, i.e. an explora-
tory case-based research, since it is proven to be effective for dealing with “how” type ques-
tions that are typical in descriptive/exploratory research (Meredith, 1993, Yin, 1994, p.46).
To reduce the risk of misjudgement (Flynn et al.,, 1990, Voss et al.,, 2002), and to allow
achieving a higher external validity focusing on similarities and differences across cases
(Meredith, 1998, Voss et al., 2002), two polar case studies were identified. Since we needed
to explore the rationales behind the scouting, the experimentation and the introduction pro-
cess of MCAR in industrial field service delivery (our unit of analysis), sampling was a critical
process. Hence, we adopted a purposive sampling strategy, in order to be confident that the
selected companies had certain characteristics that were pertinent to our research. To inves-
tigate the impacts of MCAR adoption on the service delivery system, we asked the provider
of MCAR system presented in section 3.2 (i.e. VRmedia) to select among their customers,
some companies that were available to be interviewed with respect to their experience with
MCAR adoption. Since theory development in early stages requires lesser cases (Stuart et al.,
2002), we identified two companies among the ones proposed, that together constitute a
polar case study in order to increase the generalizability and external validity of results. As
showed in Table 8, in fact, the two companies differ with respect to the main business (i.e.
SIDEL is an OEM that integrates its offering with services whereas IMA Servizi is a service
firm), the industry, the dimensions in terms of annual revenue and number of employees
and the extension of the area served (i.e. SIDEL is a multinational company that operates
worldwide whereas IMA Servizi is an ltalian firm that operates in the north-east region of
Italy). A short description of the companies’ profile and the organization of their service de-

livery systems are provided in the next sub-sections.

61



Table 8 Case-studies characteristics.

Company SIDEL IMA Servizi
Type of company Servitized OEM Service firm
Industry Liquid packaging Oil&Gas

Core business

Design, installation and
long life support ser-
vices on bottling lines

Construction and mainte-
nance services on petrol
stations and fuel pumps

Revenues 571 10

(M€-2011-1T)

Number of employees 1144 80

(2021 -17)

Extension of area Global Regional

served

Dimension of IB 10000 + 50000 500 + 1000

Number and type of 1 service manager 1 product specialist

informants 2 service manager
411  SIDEL

SIDEL is member of the Tetralaval group (together with Tetrapack and Delaval) and is a
multinational company leader in the supply of solutions for liquid packaging. With headquar-
ters in Zurich, Switzerland, SIDEL operates in more than 190 countries, it employs more than
5,000 people worldwide (around 1,000 in Italy) and counts 1,350 million euro of net sales in
2011 (around 570 M€ in Italy). The core business of SIDEL consists in offering integrated so-
lutions to its customers, from preliminary
design to the drafting plans of the line
layout, from fabrication, commissioning

and handover of the bottling line to life-

long on-site maintenance. In particular,

* Figure 16 SIDEL bottling line.
besides the line design phase, even installation and services provision are challenging in this

business. On one side, in fact, each bottling line manufactured is tailored to the specific cus-
tomer requirements (e.g. kind of products, filling speeds, bottle dimensions, level of automa-
tion etc.). On the other side, the sales of industrial services that include spare parts provi-
sion, field inspections and remote monitoring, preventive maintenance and repairs, accounts
for 40% of total revenues. Therefore, a highly skilled and flexible field force is deployed
across a vast network. In particular, the field network of SIDEL adopts the typical multi-skill

structure, where issues are escalated from inferior to superior levels in case of need, to en-
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gage more skilled resources. Therefore, technicians are assigned to a specific zone and can
ask the product specialist located in central help-desk for support. In addition currently more
than 1,300 out of 15,000 machines are remotely connected and can be accessed by product
specialists. In this way they can solve around 80% of the electronic problems remotely. Con-
versely, with respect to mechanical faults or if problems arise during critical operations, such
as the installation of new bottling lines, technicians could require remote support and MCAR

has been adopted in order to improve the efficiency of technical support.

412 IMA Servizi

IMA Servizi, instead, is a local firm of northern lItaly, providing construction, inspection
and maintenance services to petrol stations and fuel pumps. It counts more than 10 million

euro of net sales in 2011 and 80 employees throughout northern Italy. These services are

provided through a direct service network that includes
people specialized in servicing mechanical or electrical
components, rather than in construction services. In
particular, with respect to the workflow of the technical

support service delivery, IMA Servizi handles around 30-

35,000 service requests per year. Each request is firstly . Fie 17 Petrol station

coded by an operator of the call centre that creates a service ticket in which the description
of the problem noticed and all the information related to the name of customer, its location,
etc. are stored and then forwarded to the ticket scheduler. Therefore, the ticket scheduler,
filtering the open tickets with respect to the skills requested (i.e. mechanical, electrical or
building skills), assigns the ticket to a specific technician considering also his proximity to the
customer’s premise. Finally, the field technician performed the service task and can be sup-
ported by a product specialist if some unexpected problems occur.

In addition to service requests, IMA Servizi is in charge of executing some renovation
works of the petrol station involving thus mainly technicians with construction skills. For this
kind of task usually inspectors are sent to check onsite the progress and the correctness of
the construction work on site, since this kind of work in the oil and gas industry is strictly

ruled and requires many inspections for certification purposes.
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Since the core business of IMA Servizi is focused on service provision and due to the gen-
eral economic crisis that affects especially small and medium-sized enterprises, IMA Servizi is
constantly looking for ways (such as adopting new ICTs) to increase the efficiency of its field

force and reducing internal costs being in this way more profitable.

413  Data collection and analysis

In order to increase the research reliability (Yin, 1994, p.46), a formal research protocol
was adopted for collecting data. Data were collected through in-depth interviews. To achieve
triangulation (Yin, 2003), other information was achieved from secondary sources such as
service contracts, work procedures, organizational charts, web sites and balance sheets.
Each interview was carried out through the use of a semi-structured questionnaire, by two
or three researchers, to increase the confidence in our findings (Eisenhardt, 1989). Inter-
views lasted from one to two hours. To comply with the suggested profiles (Voss et al.,
2002), informants were selected among managers of the company’s service division, respon-
sible for innovation projects as well as for operations. Overall, 4 respondents were contacted
to capture all the relevant aspects of our research (e.g. the manners in which providers and
customers interact; the difficulties in being efficient and/or effective in creating value for the
customers, the contextual and structural characteristics of the studied firms, etc.). Each in-
terview was recorded and verbatim transcribed, and each respondent received a copy for
verification. Feedbacks received were considered to increase the accuracy and the validity of
the results (Yin, 2009). Data from interviews were coded and the findings were analysed
according to the life cycle stages of a new technology introduction. In particular we referred
to the framework proposed by Aloini et al. (2007) with respect to ERP adoption that includes
three stages: i)concept or pre-implementation, i.e. the activities from strategic planning of
requirements to technology selection; ii) implementation, i.e. the activities from technology
deployment or installation to parameterization, integration, testing, and stabilization; and iii)
post-implementation, i.e. maintenance activities such as upgrading and new-release man-
agement (see Figure 18). The analyses and the discussion of the main findings are presented

in the next section.
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Figure 18 ERP life cycle (Aloini et al., 2007).

4.2 Findings

From the interviews emerged that both companies introduced MCAR to support their
field force. However, since both of them bought only three devices, they can be considered
still in an implementation stage of adoption. In fact, both companies implemented a first
version of MCAR but the final release is still in progress. Nevertheless, several feedbacks
pertaining to a post-implementation stage of adoption such as ergonomics and functional
issues as well as hypotheses for future modes of employ MCAR can already be collected. For
these reasons, we analysed and grouped the information gathered during the interviews
only in two stages, i.e. i) pre-implementation and ii) implementation and post-

implementation, as shown in Table 9. In the following sub-section each activity is briefly dis-

cussed.

Table 9 Findings of the two retrospective case studies.

Stage of introduction SIDEL IMA Servizi
Trigger Reduce internal costs Reduce time for staff
Improve service training

Pre-implementation

Selection process

Number of devices
Implementationand  Training

post-implementation

performance
Need of audio-video
communication system

Top-down decision
Research project with
VRmedia for MCAR
development

3

One device is available at
the learning centre for all
the technicians

Increase the productiv-
ity and profits

Need of training on the
job system

Top-down decision
Purchase of MCAR
system designed by
VRmedia

3

One device is available
at the learning centre
A specific training is
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Customization

Mode of employ of
MCAR

Resistance manage-
ment
Feedback on MCAR

Ancillary benefits

Future development
and mode of employ

No specific training are
planned

Several releases have
been designed during
the research project
Data input not
requested

Stored in central site and
available to support
technicians during critical
installation
Communication

Several releases to solve
ergonomics issues. They
are working on MCAR
with expert’s hands ges-
ture recognition
Network: customer Wi-Fi
(no security data transfer
issues)

Increase company’s
image

Service corner.

Expand the installed base
to equip more techni-
cians with MCAR.
Provide the operator of
the plant with MCAR.

planned only for
new/young technicians
No customization re-
quested

Stored in central site
and assigned to tech-
nicians if a clear action
plan cannot be defined
Communication

Need to improve the
image quality for view-
ing details, and image
contrast for lighted
environments.

High acoustic isolation
with current headset.
Network: cellular,
UMTS

Increase company’s
image

Develop an augmented
reality system that
integrates the function
of AAR and MCAR.

421  Pre-implementation stage

In both cases, the process of MCAR introduction started as a consequence of the need to

be more efficient, reducing, thus, internal costs. Then, the specific trigger that led them to
adopt MCAR was different. For instance, SIDEL, due to the long distance between customers’
sites and R&D centres, was looking for a system that allows an efficient audio-video commu-
nication between on field technicians and remote specialists whereas IMA Servizi was look-
ing for a way to shorten the time of technical training of new technicians in laboratories in

order to send young and/or inexperienced resources sooner on field.

Once aware of the need, the selection process of the technology (i.e. the identification of
MCAR system as the solution) was quite different for the two companies even if both of
them adopted a top-down decision approach involving the top management but not the end

users. For instance, SIDEL funded a research project with the purpose of developing a tool
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that fitted its requirements. In particular the project with VRmedia started in 2006 with the
development of systems for the stereoscopic visualization of groups, then, with the intro-
duction of 3D visualization, VRmedia developed REAL, the MCAR system described in section
3.2. From that moment on, several releases have been produced in order to give an answer
to user feedbacks concerning ergonomics and technical issues such as the weight of the
portable PC, the lifelong of batteries, the kind of communication network, etc. IMA Servizi,
instead, introduced the MCAR system in August 2012, choosing the already developed REAL

system.

4.2.2 Implementation and post-implementation stages

The MCAR system selected is plug and play and does not require to upload any kind of
data in advance or to integrate itself with other information systems. For this reason, if we
refer to the final output of the research project between SIDEL and VRmedia (i.e. the same

device adopted by IMA Servizi), no customization activity was requested.

Conversely, during the implementation several activities to train both technicians and
product specialists in using the system as well as activities focused on handling possible re-
sistances were performed. In particular, both companies made available one device in their
learning centres but SIDEL did not plan any specific training for technicians whereas IMA
Servizi included a MCAR demonstration in the training program of young/inexperienced
technicians. Both service managers highlighted that some resistances emerged in using
MCAR. In particular from the field technician’s perspective, the feeling of being under con-
trol was remarked whereas from the product specialist’s point of view, the feeling of losing
their skills in sharing their knowledge with technicians was highlighted especially in IMA
Servizi. Both companies handled those resistances through communication programs. To
handle the first, they let the technician understand that MCAR is a tool that improves the
communication with product specialist if compared with mobile phones but it is not used to
control their work whereas to handle the latter, the communication was targeted to em-
power the product specialist and let him understand that with MCAR adoption, his/her role
is more and more important since it is essential for the successful execution of the field

tasks.

Despite both companies introduced MCAR, some differences with respect to the mode of
employ can be noted. For instance, the service manager of SIDEL highlighted that the instal-
lation phase of new bottling lines was the most critical situation to be faced on field. As al-

ready stated, in fact, each line has its distinctive features. Moreover, usually the customer
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site is far away from the R&D centre where the line is designed. For these reasons, SIDEL
decided to procure and keep at the headquarters three MCAR devices, in order to send
them to the installation site in case a critical situation occurs. This way, the crew that is de-
ployed on field to provide the installation can have assistance by a remote specialist that, in
case, suggests the usage of the MCAR device to get a clear picture of the faced situation.
Conversely, as already said, IMA Servizi introduced MCAR to reduce the time of technical
training of new technicians. In a normal situation, in fact, when a service request arrives,
according with the skills required to perform it, a specific kind of technician is sent to the
petrol station to execute the intervention. However sometimes happens that the technician
is asked to perform extra-activities for whose he/she could not be adequately prepared.
Hence, the most inexperienced technicians are equipped via MCAR to favour their training
on the job and, at the same time, deliver field intervention with adequate quality, as they are
assisted by a remote specialist. The service manager told us that, due to the adoption of
MCAR, the amount of second visits at the customer’s premise was greatly reduced, since the
technician that is in front of an unknown situation can contact the product specialist and,
following his/her instructions, can complete successfully the task at first visit. Even IMA
Servizi decided to procure and keep at the headquarters three MCAR devices and then the
ticket planner is responsible for deciding which technician will take MCAR on field with re-
spect to the criticality expected by the intervention. Moreover, the service manager of IMA
Servizi identifies a new way of employing MCAR such as to check the quality of construction
work. Having MCAR on site, it is possible to perform an inspection by remote, thus guiding
the maintenance technician (that is not skilled to do inspections) on the base of inspection
procedures that are defined by the construction site engineers.

Definitively, these findings confirmed the situation mentioned in the first pattern of the
typology discussed in section 2.5.1. In fact, in these cases MCAR technology is used to face
unexpected situations, to favour troubleshooting and collaborative resolution of complex
problems.

In addition, the informants pointed out that, as a consequence of introducing AR in their
service network, a better company’s image in the customers’ eyes was obtained. In fact, the

availability of an advanced technology such as AR was seen by the customers as the proof of
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the efforts sustained by the service provider towards the achievement of a higher quality in
the service provision.

Finally, with respect to future development or mode of employ of MCAR, several direc-
tions emerged. With respect to SIDEL, they are planning to introduce a service corner, i.e.
creating an area within the customer’s site under the responsibility of SIDEL and in which
SIDEL stores spare parts, has benches to execute maintenance tasks and can communicate
remotely with product specialists through MCAR. In this way even the operators of the bot-
tling line have direct access to SIDEL help-desk if needed. In addition, when current limits,
such as the high cost of each device and the inadequate support network for MCAR will be
solved, SIDEL is evaluating the possibility to include in the service contract the possibility for
the customer to have a MCAR device through which contact the SIDEL product specialist in
order to be remotely guided during the execution of some field interventions. Finally, since
the high cost of the device is one of the main limits for a spread adoption of MCAR, up to
now, the described cases are good examples of how MCAR can be adopted and used even if
not all technicians are equipped with it. The usage of MCAR is infrequent, since MCAR fulfils
the need for external support in unexpected and/or critical situations; therefore, few devices
could be enough if properly managed. The main issue, in fact, becomes how identify the
expected most critical intervention in order to assign MCAR to the technician that more like-
ly will need it to perform his/her intervention. However, SIDEL is looking for ways to achieve
economies of scale (e.g. involving other companies of Tetralaval group in this project) in
order to increase its installed base.

With respect to IMA Servizi, instead, the service manager suggests VRmedia to develop a
new AR system that integrates MCAR and AAR, in order to provide a multi-level help desk:
first level assistance is provided by AAR, on the base of codified procedures that are initiated
when technician is in front of the fuel pump. If the situation to be faced cannot be solved
autonomously, the technician asks for second level support by a remote expert, thus activat-

ing MCAR.

43 Conclusions

This chapter was focused on understanding the introduction process of MCAR in real con-

texts. In particular, through two retrospective case studies, the issues related to each stage
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of adoption as well as the current mode of employ MCAR was discussed, integrating thus the
preliminary results achieved in the previous chapter. Notwithstanding we carried out only
two polar case studies, useful insights have been achieved. Firstly, both cases are related to
companies that have only partially introduced MCAR to support their field force. This finding
confirms that MCAR is still an emerging technology that only recently has matured so much
that few prototypes are ready to enter the market. Both companies, in fact, although pio-
neers in adopting MCAR, are still in the implementation phase, looking for new releases that
better fits their needs prior to letting MCAR be a standard equipment for each technician.
Then, from the interviews emerged that Pattern 1 proposed in our typology was confirmed
since the service managers of both companies state to use MCAR in critical situations in
which a clear action plan is not defined; then, the specific situation selected can differ from
the installation of new bottling lines to the assistance of petrol stations if the customer is

vague in the description of the problem noticed.

Notwithstanding the relevance of our results, this study has got some limitations as well.
Firstly, even if in early stages of theory development few cases can be acceptable (Stuart et
al., 2002) using only two case studies, the generalizability of our results need to be accurate-
ly addressed. Therefore, this research should be repeated, for instance involving other tech-
nology providers, since the involved companies are currently adopting the same MCAR de-
vice, or looking for companies that have massively adopted MCAR to support their field
force. Then, these studies are mainly focused on the managerial implications of MCAR adop-
tion. Interviewing the service managers, then, a low involvement of the end users of MCAR
in the pre-implementation stage of adoption emerged, and, as a consequence, several
communication efforts were requested during the implementation stage to handle the re-
sistances. For this purpose, in the next chapter, a study to assess in a pre-implementation
stage perceptions of usefulness and ease-of-use of MCAR from the end user perspective is

presented.

Despite the limitations identified above, the explorative and retrospective case studies
carried out gave useful insights into how MCAR adoption can influence the delivery of indus-
trial field services (i.e. RQ2). In particular we identified two main areas of improvement on
which companies have to work to be ready to adopt MCAR once current issues such as its

cost or an inadequate support network will be overcome.

Firstly in our opinion companies need to increase the investments to enhance the compe-
tence centres such as control room, R&D department, help-desk from which technical prod-

uct knowledge is distributed towards these new technologies across the world. In fact, the
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product knowledge is more and more important and at the same time in continuous evolu-
tion so that keeping the dispersed field force updated time after time could be highly incon-
venient. Therefore, with the increasing availability of technologies similar to MCAR we ex-
pect that the need of having highly skilled people distributed on field will decrease on behalf
of the centralization of knowledge in few centres. However this change has important impli-
cations. For instance, the traditional cascade training between the R&D centres and direct
and indirect service networks will become less important. In addition, even the kind of train-
ing attended by technicians will change: besides a basic technical training, in fact, more and
more important will be the ability of technicians to interact with product specialists in for-
eign languages in order to be trained on field on demand. In order to allow a 24/7 support all
around the world, in fact, the traditional escalation process that involved two levels of sup-
port, i.e. a first level in which local product specialist support the field force and if needed
the problem is forwarded to the second level usually made up of international specialists
residing in R&D centres, became unfeasible. Conversely, the development of few knowledge
centres able to handle the field requests world-wide (e.g. with a follow-the-sun organization)
could be a solution. For this reason we expect that companies will spend time, money and
efforts to develop a knowledge distribution system that effectively and efficiently supports
the field force, and to accurately define how many centres are needed, where locate them,

etc.

Secondly, once the support network essential for the usage of MCAR is developed, i.e.
companies are able to remotely support somebody on field worldwide and 24/7 through
MCAR, we expect that companies will include the MCAR-based support system in their offer-
ing. In fact, the next step of the service delivery evolution could be the replacement of direct
service network with customer’s personnel such as the machine/industrial plant’s operators.
Therefore, in addition to the traditional service contract, companies can offer an alternative
option that includes the selling of the MCAR device through which the customer can contact
24/7 the technical help-desk of the company improving thus performances such as the avail-
ability of the machine and the recovery time since no time for waiting the technician is
needed. Obviously, this could be an alternative option to the traditional service contract;

then the decision will be up to the customer.
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Chapter 5

'he Augmented Reality
‘echnology Acceptance
Model

This chapter examines the perceptions of field technicians about the introduction of Mo-
bile Collaborative Augmented Reality (MCAR) in field service networks. In the previous chap-
ters, a first evaluation of users’ perception towards MCAR, the steps of its introduction and
how MCAR adoption can influence the delivery of industrial field services are pointed out. In
addition, it emerges that the use of this technology would result in fewer misunderstandings
and errors and, therefore, in better service delivery performance (e.g. more first-time fixes
and quicker restoration) (Porcelli et al., 2013a). However, since the case studies described in
Chapter 3 and Chapter 4 involved only few informants and especially for managerial consid-
erations, a deeper assessment of the level of acceptance and the willingness to use this
technology of a larger amount of technicians is requested. Therefore, the purpose of this
study is twofold: i) to understand what factors effect field technicians’ opinions about and
intentions to use MCAR technology; and, ii) to evaluate the suitability of using this kind of

system for field service tasks. With respect to the first objective, we follow the well-known
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Technology Acceptance Model (TAM) (Davis et al., 1989) and the Unified Theory of Ac-
ceptance and Usage of Technology (UTAUT) (Venkatesh et al., 2003). For the latter, we refer
to Task-Technology Fit theories (TTF) (Goodhue and Thompson, 1995). Based on these theo-
retical contributions, in this chapter we propose an original model named ARTAM, i.e. Aug-
mented Reality Technology Acceptance Model, and show how ARTAM was validated against

the surveys of three companies whose field force were selected as test benches.

The remainder of the chapter is organized as follows: Section 5.1 describes the theoreti-
cal background, highlights the underpinning theories and discusses the literature that argues
against the development of technology acceptance models for AR. Section 5.2 shows how
ARTAM was developed; then Section 5.3 presents the companies’ profile of our sample and
the research method. The results of the measurement model and structural model testing
are presented in Section 5.4 as well as the technicians’ evaluation of MCAR while in Section

5.5 the main conclusions are pointed out.

5.1 Review of Acceptance model

Scientific research studying the effects of technology on individual performance mostly
pertains to the stream of utilization or behavioural-related models (Davis, 1989, Venkatesh
et al., 2003) rather than to Task-Technology Fit theories (Goodhue and Thompson, 1995).

Both of these streams are presented below.

511  Utilization-related models

Utilization-related models posit that the intention to use a technology is influenced by
the user’s beliefs about and affect towards it. In particular, the seminal Technology Ac-
ceptance Model (TAM) proposed by Davis et al. (1989) (see Figure 19), argues that two be-
liefs, respectively perceived usefulness (PU) and perceived ease of use (PEQU), affect the
attitude (A) of individuals towards a technology, their intention to use it (Bl) and, the result-
ing actual use. Perceived usefulness is defined as “the degree to which a person believes that
using a specific system will enhance his/her job performance” within an organizational con-
text, whereas perceived ease of use refers to “the degree to which the user expects the tar-
get system to be free of effort” (Davis (1989), p.320). In addition, TAM posits that perceived

usefulness is influenced by perceived ease of use.
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Figure 19 The conceptual model behind TAM (Davis et al., 1989)

In its original version, TAM has proven to explain about 40% of the utilization variance
(Venkatesh and Davis, 2000). Therefore, in order to improve its predictive power, some au-
thors considered the intention to use as directly influenced by PU and PEOU (Venkatesh and
Davis, 1996, Szajna, 1996, Agarwal and Prasad, 1998, Gefen and Keil, 1998, Venkatesh and
Morris, 2000, Wu et al., 2011), whereas some other researchers introduced new constructs
and moderators, such as the perceived enjoyment (Davis et al., 1989), the subjective norms
(Venkatesh and Davis, 2000), the perceived risk (Al-Gahtani, 2011) and other external varia-
bles (Burton-Jones and Hubona, 2006) to adjust the model. As already mentioned, in MIS
literature, other utilization-related models exist, such as the Theory of Reasoned Action
(TRA) (Fishbein and Ajzen, 1975), the motivational model (Davis et al., 1992), the theory of
planned behaviour (TPB) (Ajzen, 1991), the innovation diffusion theory (IDT) (Rogers, 1995),
the social cognitive theory (SCT) (Bandura, 1986) and, the integrated model of technology
acceptance and planned behaviour (Taylor and Todd, 1995). To include most of the findings
of the extant literature, Venkatesh et al. (2003) propose a Unified Theory of Acceptance and
Usage of Technology (UTAUT) that integrates any aspects that should be taken into account

to evaluate the acceptance of a given technology (see Figure 20).
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Figure 20 The conceptual model behind UTAUT (Venkatesh et al., 2003)
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UTAUT posits that “use behaviour” is influenced by facilitating conditions (FC) and “be-
havioural intention.” This latter, in its turn, depends on three factors: performance expec-
tancy (PEE), effort expectancy (EE) and, social influence (Sl). “Performance expectancy” is
the degree to which an individual believes that the usage of a technology can improve
his/her job performance, and reflects the PU concept of TAM. “Effort expectancy” measures
the effort expected, and so it is the mirror measure of PEOU. “Social influence” refers to the
subjective norms such as those proposed by TRA. Therefore, this construct measures the
degree to which an individual perceives that other “important” people believe he/she should
use the new system. Lastly, “facilitating conditions” measures the degree to which an indi-
vidual believes that an organizational and technical infrastructure exists to support the sys-
tem use. In addition to these four constructs, four moderators are included in the model:
gender, age, experience and voluntariness of use. These moderators affect the strength of

the relationship between a specific factor and the intention to use the technology.

UTAUT has been recently used to explore the acceptance of consumer technologies, such
as mobile phones (Carlsson et al., 2006, Park et al., 2007, Min et al., 2008). However, it does
not consider any linkages between the technology features and the task characteristics that
individuals have to perform in business contexts. These aspects, instead, are the core con-

cern of Task-Technology Fit models (TTF), and they are presented in the next sub-section.

5.1.2  Task-Technology Fit models

TTF models (Goodhue and Thompson, 1995) posit that a technology positively affects the
performance of individuals if it is well utilized, and that the adoption of a technology in a
working environment depends in part on how well it fits the working tasks. These tasks are
broadly defined as the actions carried out by individuals to turn inputs into outputs, while
technologies are viewed as the tools used by people to carry out their tasks. Hence, TTF
models are based on the following constructs (see Figure 21): “task characteristics” and
“technology characteristics,” which jointly affect the TTF that, in its turn, influences the out-

comes “performance impacts” and “utilization.”

As in the case of TAM, later studies have extended the original TTF model to improve its
predictive power. For instance, Gebauer et al. (2004) added the construct “intention to use,”
distinguishing it from the “real use.” Yan and Lihua (2008), instead, included “individual
characteristics” as a determinant to the fit between task and technology. Lastly, some au-
thors adapted the model to specific contexts (Gebauer and Ginsburg, 2006, Gebauer and
Tang, 2007).
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Figure 21 TTF Model (Goodhue and Thompson, 1995)

Since the TTF and TAM/UTAUT models by themselves have some limitations, an interest-
ing avenue of research development concerns their integration. On one side, TTF follows a
rational approach, assuming that, in a work environment, people intend to adopt a technol-
ogy as far as the task they perform is supported by its functionalities. Following this line of
reasoning, however, individual attitudes towards technology are not considered, even if it
has been proven that they strongly favour technology adoption. On the other side, TAM and
UTAUT are based on attitude/behavioural models, thus they ignore that, in some cases, the
reasons behind the adoption of technologies are not dictated by positive attitudes, but by a
willingness to improve work performance. A possible link between these models lies in the
assumption that the fit between task and technology can influence the user’s perception
about the ease of use and the usefulness of technology (Dishaw and Strong, 1999). Based on
this thinking, several authors have proposed specific applications of integrated models to
evaluate the adoption of technologies in the fields of high speed data service (Pagani, 2006),
mobile commerce (Yen et al., 2010), e-tourism (Usoro et al., 2010), PDA and wireless net-
works (Shih and Chen, 2013), online shopping (Klopping and McKinney, 2004) and, mobile
banking (Zhou et al., 2010). However, to the authors’ best knowledge, the aforementioned
models have never been integrated and applied to study the adoption of AR systems. In the

next sub-section, a brief review of studies related to the adoption of AR is reported.
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513  TAM applied to Augmented Reality

The scholars’ interest in the evaluation of user/social acceptance of AR systems is rather
recent and there are paucity of studies that address the evaluation of end users’ perceptions
toward and intention to use AR systems (Azuma et al., 2001). Firstly, by searching the litera-
ture with keywords such as “acceptance model,” “augmented reality” and similar, only few
papers were retrieved from the most common scientific databases (e.g. EBSCO, Science Di-
rect, Google Scholar). Despite the potential applications of AR covering almost all sectors of
life, such as work and business, learning and education or, leisure and entertainment (Olsson
and Salo, 2011), up to now its acceptance has been addressed mostly in the field of learning
and entertainment applications. The reasons for this are twofold: i) handheld devices, such
as smartphones and tablets, are now widespread, and these devices greatly favour the adop-
tion of AR in consumer contexts—such as tourism and learning—for which users do not need
hands-free; and, ii) at this stage, studying technology acceptance in the case of consumer
applications is simpler, since researchers can easily select the sample to test the technology
(e.g. interviewing people in the street (Haugstvedt and Krogstie, 2012) or university students
(Balog and Pribeanu, 2010, Arvanitis et al., 2011)). Secondly, as these papers mostly focus on
usability issues, they investigate qualitatively the point of view of potential users (Nilsson and
Johansson, 2007, Rasimah et al.,, 2011). Thirdly, the few quantitative analyses made have
been based on TAM, but no TTF, UTAUT nor integrated models have been used, since the
applications are not for business contexts. Hence, the fit between task and technology turns
out to be less relevant. Conversely, the construct “perceived enjoyment” is always included
(Balog and Pribeanu, 2010, Rasimah et al., 2011, Pribeanu, 2011, Haugstvedt and Krogstie,
2012). Lastly, since most of the studies refer to pre-implementation stages, the end users
studied are completely unfamiliar with AR. Usually, they are given the possibility to either
test the technology through a prototype (Balog and Pribeanu, 2010, Arvanitis et al., 2011) or
watch a video explaining its main features (Haugstvedt and Krogstie, 2012), prior their per-
ceptions being surveyed. For this reason, the construct “actual use” is not included in the

model, as the “intention to use” the technology is the only dependent variable.

In summation, from this brief review of the literature about acceptance models of AR, we
can conclude that: i) the user acceptance of MCAR to support IFS interventions is a totally
unexplored research area and, ii) up to now, constructs from UTAUT and TTF have not been

combined for this purpose. This study aims to fill these gaps.
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5.2 ARTAM and hypothesis development

The model proposed in this study is adapted from the model found in Zhou et al. (2010),

that integrates TTF with UTAUT (see Figure 22). However, several changes have been made.
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Figure 22 The model proposed by Zhou et al. (2010).

First, the final construct evaluated by Zhou et al. (2010) is “user adoption.” Like the stud-
ies cited in sub-section 5.1.3, this paper relates to pre-implementation stages. In fact, the
field technicians studied neither know nor use MCAR in their daily work. For this reason we
prefer to focus on “behavioural intention”/“intention to use”, rather than on “actual use”.
Second, according to Venkatesh et al. (2003), “effort expectancy” can be used to measure
the TAM construct “perceived ease of use”, as they are quite opposite. However, in order to
formulate hypotheses with positive correlations only, we preferred the latter construct that
is supposed to be correlated positively with the “intention to use”. Third, Zhou et al. (2010)
propose the following connections between constructs from TTF and UTAUT: i) “task-
technology fit” with “user adoption”; ii) “task-technology fit” with “performance expectan-
cy”; and iii) “technology characteristics” with “effort expectancy”. The first linkage is not
considered in ARTAM because user adoption is not taken into account. Moreover, in accord-
ance with Dishaw and Strong (1999), we assume that “task-technology fit” influences “inten-
tion to use” through “performance expectancy” (i.e. “perceived usefulness”). ARTAM also
includes second and third connections, and proposes a fourth one between “task-technology

fit” and “effort expectancy” (i.e. “perceived ease of use”). In fact, if MCAR fits with the work
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task, users should believe that this technology is also easy to use (TTF—>PEOU), therefore its
adoption should lead to a higher performance (TTF—->PEE). Fourth, the construct “social in-
fluence” is omitted since the user’s opinion could not have been influenced by friends, rela-
tives and, supervisors—they became aware of MCAR only a few minutes prior being asked to
answer the survey. Finally, contrary to Zhou et al. (2010), we assume that “facilitating condi-
tions”, such as help-desk and user training, can directly influence “behavioural intention”
rather than the “actual use”, as this latter concept cannot be assessed since MCAR is still at a
pioneering stage. Therefore, we assume that experiences related to how the companies had
previously supported the introduction of new technologies, could affect the intention to use
MCAR.

PEE
H6
TAC ~3\| H10
PEOU H BI
TEC Ho (s

FC

Figure 23 The ARTAM model.

As shown in Figure 23, ARTAM is based on eight constructs. The dependent variable “be-
havioural intention” (Bl), as it measures the individual intention to use MCAR when available,
is a proxy of technology acceptance. Moreover, “task characteristics” (TAC) reflects the con-
tents and properties of field activities that could favour the use of MCAR. In more detail,
ARTAM focuses firstly on complexity and the “non-routineness” of tasks, as suggested by the
well-known work of Perrow (1967). Secondly, we consider context-specific issues, such as
the need to receive remote support to either be faster or to make more timely decisions in
case unexpected events may occur. These latter capabilities are proven to be crucial, espe-
cially in those contexts where customer support is given according to specific service level
agreements (Gronroos, 2008, Schmenner, 2009). “Technology characteristics” (TEC), instead,
takes into account the technical features of the proposed system and, in particular, the fol-

lowing functions: i) sending video images remotely to the expert; ii) receiving virtual images
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that can be superimposed on the real scene; and, iii) enabling effective and efficient com-
munication and information exchange among product specialists and the field force. The
construct “task-technology fit” is used to measure the fit between MCAR and the industrial
field service tasks. According to Dishaw and Strong (1999), the task-technology fit can be
evaluated through a mechanical approach, i.e. starting from the values of TAC and TEC, ra-
ther than using users’ perceptions (Goodhue and Thompson, 1995). Since the latter is pre-
ferred in case of new technologies and prototypes (Gebauer et al., 2004), it was also fol-
lowed in the present study. “Performance expectancy” (PEE) reflects the degree to which
individuals believe that the use of MCAR would improve their performance on the job. “Per-
ceived ease of use” (PEOU) is introduced to assess how much technicians expect that MCAR
could be used without additional effort. “Facilitating conditions” (FC) reflects the individual
beliefs that some kind of infrastructure (organizational and technical) will be provided by the
company to support the early adoption and use of MCAR. Lastly, “workforce experience”
(EXP) is considered a moderator in ARTAM, since experienced technicians could have differ-
ent perceptions when compared with inexperienced ones. It is worth noticing that this con-
struct differs from the construct “tool experience”, considered by Dishaw and Strong (1999),
that focuses on past events and interactions among users and technology. This latter factor,
indeed, has been neglected since we are exploring contexts that are not currently using
MCAR for field services.

With these considerations in mind, we can posit some hypotheses. The first argues that
MCAR is a proper tool to help with the execution of complex activities (TAC), as it allows
technicians to exchange images, symbols and data as well as to communicate quickly and

easily with a remote product specialist. Thus:
H1: Field service characteristics significantly affect the task-technology fit (TAC = TTF)
H2: MCAR characteristics significantly affect the task-technology fit (TEC - TTF)

Then, as suggested by Dishaw and Strong (1999), MCAR functionalities (TEC) determine
the perceived ease of use (PEOU) of the system. In addition, as mentioned before, a good fit
between task and technology determines perception of ease of use (PEOU) and expectation

of performance improvement (PEE). Thus:
H3: MCAR characteristics positively affect technicians’ perceived ease of use (TEC—> PEQU)

H4: The fit between field service task and MCAR positively affects technicians’ perceived ease
of use (TTF-> PEOU)
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H5: The fit between field service task and MCAR positively affects technicians’ performance
expectancy (TTF—> PEE)

According to the original UTAUT and to later studies (Carlsson et al., 2006, Park et al.,,
2007), the effects of performance expectancy (PEE) and of perceived ease of use (PEOU) on

users’ behavioural intention can be formulated as follows:
H6: Performance expectancy positively affects behavioural intention to use MCAR (PEE = Bl)
H7: Perceived ease of use positively affects behavioural intention to use MCAR (PEOU - Bl)

Lastly, facilitating conditions (FC) are assumed to directly influence the behavioural inten-
tion (BI) and, in addition, to favour the usage of MCAR since they also alter perception about

technology friendliness (PEOU). Thus:
H8: Facilitating conditions positively affect behavioural intention to use MCAR (FC = Bl)
H9: Facilitating conditions positively affect perceived ease of use of MCAR (FC - PEOU)

If MCAR is perceived as easy to use (PEOU), the performance expectancy (PEE) should be
positively impacted too. In fact, as already validated in the seminal work of Davis et al.
(1989), if a technology is actually easy to use, it will be exploited at its best and thus the

overall performance of the task will substantially improve. Hence, we can posit:
H10: Perceived ease of use positively affects performance expectancy (PEOU —> PEE)

Finally, workforce experience (EXP) in performing their job is assumed to be negatively
correlated with the need to receive remote support from a product specialist as well as with
performance expectancy. In fact, a more experienced technician will most likely perform
his/her tasks without asking for help and in a more efficient and effective way, in comparison

to a less experienced and skilled technician. Thus:

H11: A technician’s experience in performing his/her tasks moderates the relationship be-

tween task characteristics and task-technology fit.

H12: A technician’s experience in performing his/her tasks moderates both the relationship
between perceived ease of use and performance expectancy and between task-technology fit

and performance expectancy.
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5.3 Research methodology

531 Sample and MCAR selection

In order to test ARTAM, we selected a sample of companies that provide industrial field
services to the installed bases of their customers. The companies were chosen according to
the following criteria: i) they were OEMs offering life-long customer support and contractual
services such as routine maintenance, diagnostic checks, repairs and update/upgrade; ii)
they were not rivals in the same industry or competing with similar products; and, iii) they
contractually offered services in accordance to strict service level agreements; iv) their field
force and service network were sufficiently large and globally scattered, at least at country
level; v) their field force was remotely supported with specific tools and resources; and, vi)
they allowed us to interview their field technicians and access their data and information,
since they were interested in scouting AR technologies as a potential work tool for their ser-
vice networks. Three companies that matched these criteria were chosen as the case stud-
ies. In particular, we included in our study Océ lItalia - Canon Group, broadly presented in
Chapter 3, IBM ltalia and Tecnomatic, briefly described in the following sub-sections. With
respect to the MCAR selection, this study focuses on the same MCAR system presented in

Section 3.2.

5.3.1.1 IBM ltalia

The history of IBM is quite long. It was born in 1911 as Computing- Tabulating-Recording
(CTR), and since 1924, it was renamed as International Business Machines Corporation
(IBM). Currently, IBM is an American multinational technology and consulting corporation,
with headquarters in Armonk, New York, United States. IBM manufactures and sells comput-
er hardware and software, and offers infrastructure, hosting and consulting services in areas
ranging from mainframe computers to nanotechnology. IBM has a significant global pres-
ence, operating in over 170 countries and employing 435,000 people, with an increasingly
broad-based geographic distribution of revenue. In 2012 IBM’s total revenue and net profit
were USS 104.5 billion and USS 17.6 billion respectively. IBM operates in Italy since 1927 and
its headquarter is in Segrate (Milano). IBM Italia counts 14 subsidiaries spread along the na-
tional territory and around 15,000 employees. Its total revenue in 2011 was €3,595 million

and the net profit €158 million.

IBM is organized in geographical areas (i.e. North America, Europe, Japan and Growth

Markets) and in 4 business units:
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- Sales & Distribution;

- Global Services that aims at helping companies managing their IT operations and re-
sources. In particular it includes Global Technology Services (GTS) and Global Busi-
ness Services (GBS). GTS offers infrastructure services such as outsourcing services,
business continuity and resilience, integrated technology services, and maintenance.
It accounts for around 40% of IBM's total revenue, the highest revenue among the
segments of IBM. GBS, instead, provides professional services such as management
consulting, system integration and application management services.

- Software Group is divided in middleware and solutions groups. The first one devel-
ops applications for text analytics, content management, lifecycle management, and
system management whereas the second one for collaboration, business analytics
and industry solutions.

- System & Technology Group is the “hardware” division
of IBM and it is responsible for the manufacturing of
each electronic device from consumer electronics to
the fastest supercomputers. The main product families
of IBM are mainframes and servers (i.e. System Z, Sys-

tem X, and Power System), Storage System (such as

disk, tape, NAS and Flash storage products) and Net- Figure 24 IBM servers
working solutions that include the set of switches and software necessary to connect

server and storage.

The majority of IBM's revenue, excluding the company's OEM technology business, oc-

curs in industries that are broadly grouped into six sectors:

— Financial services: banking, financial markets, insurance

— Public: education, government, healthcare, life sciences

— Industrial: aerospace/defence, automotive, chemical and petroleum, electronics
— Distribution: consumer products, retail, travel and transportation

— Communications: telecommunications, media and entertainment, energy/utilities

Small and Medium Business: mainly companies with less than 1,000 employees

IBM is one of the best examples of servitized companies. It was born as a hardware man-
ufacturer and now is a solution provider in the IT sector. Currently the IBM hardware is sold
to the customer as a part of a solution that includes technical support services regulated by
contracts. Therefore, for the aim of this study, how IBM technical support services (TSS) are

designed and delivered is briefly described in the following.
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“Help — when and where you need it” is the IBM slogan for TSS. IBM has a support pres-
ence in 209 countries/nations and a remote technical support as well as a local, on-site ser-
vice infrastructure able to make sure to have what it is needed, when it is needed, for the
fastest possible service - service ranges from qualified call backs within two hours to having a
service representative on site with parts within three or four hours to the next business day.
In particular, the worldwide network of remote technical support centres and technical ex-

perts is made up of three levels:

— Call entry and “Level 1” remote technical support centres with technical specialists
who speak the local language;

—  “Level 2” remote technical support centres with higher-level skills and deeper prod-
uct knowledge. Product specialists of this level are part of the Virtual Front End team
that groups the second level product specialists of all Europe;

— Third and last-level support centres, including global research laboratories and
hardware and software development laboratories that help in solving even the most

challenging problems and in answering tough questions.

In Italy the field network is made up of around 300 technicians on field, to support 53,000
customers and 500,000 machines. On average IBM Italia manages 3,000,000 calls per years
(Service Desk included) and dispatches 350,000 tasks on field per year. The workflow of the

delivery of technical support services is depicted in Figure 25.

CALL MANAGEMENT PROCESSES & TOOLS

ON SITE

CALL ENTITLEMENT SCREENING (SCHEDULING) DELIVERY
RECEIVING

Voice Calls {;j <;:3 {Ej <;:3 {E] <::K <ﬁ]
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Figure 25 Workflow of TSS delivery
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The service request can arrive through phone or via Web. The call is received by a Re-
quest Taker that gathers information from the customer about the kind of product that re-
quires support and the problem noticed. This information is stored in IBM databases such as
RCMS (i.e. Reliable and Consistent Message Streaming used for SW problems) and RETAIL
(i.e. Remote Technical Assistance Information Networks, a database system, which provides
service support to IBM field personnel and customers) and thus forwarded to the Front Of-
fice for the next task. The Front Office, in fact, verifies the entitlement and the status of the
service contract. If some problems are identified, the Entitlement Exception Handler handles
the situations according to urgency/severity of the problem. Then, the first level support
determines the problem and defines the action plan that includes the sequence of tasks to
be performed and the spare parts needed. If the problem can be
solved remotely (e.g. for the most complex IBM products such as
System Z and Power System servers, the remote control of the ma-
chine is included in the service contract so that IBM can access the
machines without asking the customer permission in order to solve
his problem as soon as possible), he solves the problem and then
closes the service requests otherwise he sends the action plan to

the Remote Management Call (RMC) centre. In ltaly, the national

territory is divided in three areas: northeast, northwest, centre

Figure 26 Service provision
on IBM products south. Each area is coordinated by a RCM that is a resource sched-

uler since it verifies the resource and spares availability, it assigns RCMS resources according
to the skills required, and it coordinates the action plan execution and handles possible ex-
ceptions. Finally, the action plan is performed by the field technician that can be supported

by the product specialists if some unexpected problems occur.

The field technicians are deployed on the national territory according to the density of
the business. For this reason, in regions where there are a lot of technicians, usually they are
more specialized on a specific kind of product while in regions where only few technicians
are deployed, usually they have to face a higher variability in the service demand and so mul-
ti-skilled technicians are required. Therefore, the adoption of MCAR technology is expected

to be more effective in this latter situation.
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5.3.1.2 Tecnomatic

Tecnomatic is an Italian small company (total revenue: €1.8 million, net profit: €13,105
and 42 employees in 2012) that is specialized in the installation, maintenance and repair of
the machines produced and owned by DEDEM (total revenue: €33 mil-
lion, net profit: €612,855 and 48 employees in 2012 - www.dedem.it).
These machines can be grouped in three categories: ID and fun booths,
Minilab and Kiddie Rides. The first ones are the more complex ma-

chines manufactured in terms of numbers of parts and kind of technol-

ogy embedded. The second ones are printers sold to optical shops in
Figure 27 1D Booth. order to print mosaics, calendars, postcards, ID photos, personalized
print, etc. and represent only a minor part of the product served by Tecnomatic. The last
ones, finally, are coin-operated amusement rides for small children usually placed in public
building such as in amusement parks, arcades, malls, hotel game rooms and outside super-
markets and discount department stores. When activated by a coin, a kiddie ride entertains

the rider with motions actuated by electromechanical and hydraulic mechanisms.

DEDEM is the leading Italian company in the market of this kind of
products and counts more than 5,000 machines spread along the na-
tional territory that are serviced by Tecnomatic. In general Tecnomatic
business is focused mainly on ID booths since this category is the most
numerous and more prone to failures as they are placed outdoors and

thus more exposed to weather and vandalism. The field workforce of

Tecnomatic is made up of 72 multi-skilled technicians assigned to a spe-  Figure 28 Kiddie Ride.

cific area whose extension depends on the number of machines installed. Technicians are
asked to perform some tasks on each machine periodically such as withdrawing the money
gained, replacing consumables, updating advertisement, updating the software and repair-
ing the machine if necessary. In addition the technician has to count the money and deposit

itin a bank.

The customers of DEDEM and Tecnomatic are the final users of their products. With re-
spect to ID Booths and Kiddie Rides, in fact, these are owned by DEDEM and located on the
public land thanks to the permission of the municipality or in a building such as a mall after
the payment of a monthly fee to the owner. Since the machines are owned by DEDEM, ser-
vice level agreements are not specified with the final customer but it is in the interest of the
company to guarantee the maximum availability of the machines in order to improve their

profits. For this reason, in fact, Tecnomatic field network allows 24/7 service provision with
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the shortest time to repair thanks to an efficient resource management directed towards the
saturation of a technician in terms of numbers of machines serviced and incentive polices

such as production bonuses linked to the revenues of the machines under his responsibility.

Usually in case of a fault, the customer calls the call centre that collects the information
related to the customer (in order to pay back the customer for the lost coin) the location of
the machine and the problem noticed. The service request is then forwarded to the field
technician responsible for the area where the machine is located. During the intervention
the technician is equipped with a PDA through which he enters the information about the
intervention. If he needs help in solving the problem, he can ask his supervisor via phone.
Tecnomatic has 12 supervisors that are responsible for the work of technicians and in addi-
tion to supporting him during the field intervention, have to check the quality of the work,
substitute the technician on vacation and help him during installation of machines. Supervi-

sors, thus, represent the linkage between the field force and the company.

Finally the overall complexity of the machines serviced by Tecnomatic is low, since com-
ponents are not many and usually standardized, the span of complexity of the intervention is
quite low and the main source of variability is the vandalism damage. Conversely to the case
of Océ ltalia — Canon Group and IBM ltalia, this case has been selected in order to evaluate if

some differences emerge depending on the level of complexity of the product served.

Summing up, the main figures of each case study are shown in Table 10.

Table 10 Companies’ characteristics.

Company Océ Italia— Canon Group  IBM ltalia Tecnomatic
Company type Italian subsidiary of a Italian subsidiary of ~ Small-sized local com-
multinational company a multinational pany
company
Industry/Products Printing/production IT/IT systems (e.g., Printing/booths for ID

Served territory

Size of IB [equipment nr.]
Number of technicians
Span of products
Remote support

printers, office printers

Nation-wide
100,000

90

Medium

NAS, servers, main-
frames)

Nation-wide
500,000

235

High

Field technicians resort to communication via
mobile phones to contact product specialists

and get remote support.

In addition, product specialists have direct ac-
cess to the equipment from remote centres, in
order to check their operating status and run

diagnostic tests.

photos and for printing
from digital files, photo
kiddie rides, minilab
Nation-wide

5000 + 6000

70

Very Low

Field technicians get
remote support from
product specialists
only through mobile
phone communication.
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5.3.2  Questionnaire design

With direction from the vast literature on this subject, a 23-item questionnaire was de-
veloped to test ARTAM within the selected sample. Table 11 shows the items that the litera-
ture commonly uses to investigate the constructs (i.e. PEE, PEOU, FC, TTF and BI) of ac-
ceptance models, whereas Table 12 reports the ones selected for this study. Each item was
measured with a five-point Likert scale (i.e. 1-strongly disagree; 2-moderately disagree; 3-
agree; 4-moderately agree; 5-strongly agree). The questionnaire was originally developed in
English and then translated into Italian by an Italian-English translator. Following this, anoth-
er translator performed a back-translation to ensure that the original one was accurate. Af-
ter the draft had been designed, a pre-test was carried out. To this purpose, we submitted
and then discussed the questionnaire vis-a-vis with the people of Océ Italia — Canon Group
involved in the usage demonstration (i.e. two technicians, a product specialist and the ser-
vice director presented in Chapter 3). Based on the respondents’ feedback, the question-
naire was adjusted to remove any ambiguous expressions, improve readability and ensure
accuracy and appropriateness. The final version was checked again by both researchers and
the service directors of the selected companies, who then granted their permission to sub-

mit the questionnaire to their field forces.

Table 11 Question items found in literature.

Construct  Items Reference
PEE 1. | feel mobile banking is useful (Davis et al., 1989)
2. Using the system in my job would enable me to accom- (Davis, 1989) (Dishaw
plish tasks more quickly and Strong, 1999)
3. Using the system improves my performance in my job (Venkatesh and Dauvis,
4. Using the system in my job increases my productivity 2000) (Venkatesh and
5. Using the system enhances my effectiveness in my job Bala, 2008) (Li et al.,
6. Using the system would make it easier to do my job 2008) (Fang et al., 2008)
7. | would find the system useful in my job (Kuo and Yen, 2009)
(Zhou et al., 2010) (Wu
et al, 2011) (Al-Gahtani,
2011)
PEOU 1. My interaction with the system is clear and understand-  (Davis et al., 1989)
able (Davis, 1989) (Dishaw
2. Interacting with the system does not require a lot of my ~ and Strong, 1999)
mental effort (Venkatesh and Davis,
3. | find it easy to get the system to do what | wantittodo  2000) (Venkatesh and
4. Learning to operate the system would be easy for me Bala, 2008) (Li et al.,
5. lwould find the system flexible to interact with 2008) (Fang et al., 2008)
6. It would be easy for me to become skilful at using the (Kuo and Yen, 2009)
system (Zhou et al., 2010) (Wu
7. lwould find the system easy to use et al, 2011) (Al-Gahtani,
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2011)
TTF 1. The data that | use or would like to use is accurate (Lin and Huang, 2008)
enough for my purpose (Yen et al., 2010)
2. The computer systems that give me access to the data
are convenient and easy to use

3. The functionalities of the system were very adequate
4. The functionalities of the system were very appropriate
5. The functionalities of the system were very useful
6. The functionalities of the system were very compatible
with the task
7. The functionalities of the system were very helpful
8. The functionalities of the system were very sufficient
9. In general, the functionalities of the system fit the task
well
FC 1. | have control over using the system (Venkatesh et al., 2003)
2. 1have the resources necessary to use the system (Venkatesh and Bala,
3. | have the knowledge necessary to use the system 2008) (Zhou et al., 2010)
4. When | need help to learn to use the system, the sys- (Terzis and Economides,
tem’s help support is there to teach me 2011)
5. Specialized instructions concerning the system are avail-
able to me
6. A specific person (or group) is available for assistance
with system difficulties
7. | think that using the system fits well with the way | like
to work
Bl 1. lintend to use the system in the next n months (Dishaw and Strong,
2. | predict | would use the system in the next n months 1999) (Venkatesh et al.,
3. I planto use the system in the next n months 2003) (Venkatesh and
4. Assuming that | had access to the system, | predict that |  Bala, 2008) (Kuo and
intend to use it Yen, 2009) (Tjahjono,
5. Given that | had access to the system, | predict that | 2009) (Yen et al., 2010)
would use it (Wu et al., 2011) (Al-
6. Assuming the technology would be available on my job, |  Gahtani, 2011) (Terzis
predict that | will use it on a regular basis in the future and Economides, 2011)
7. lintend to use the system if | have problems
8. lwould use and recommend the system to my col-
leagues

9. |If possible, | will try to use the system

10. | will try to use the services if necessary in life or work
11. Given the chance, I intend to use the system

12. It is likely that | will use the system in the near future

When comparing Table 12 to Table 11, some differences arise. For instance, the con-
structs TEC and TAC are measured according to items that were added on purpose, to con-
sider specifically the context of this study (i.e. industrial field services, MCAR). In particular,
we decided to investigate the characteristics of the technology by means of three items that

address: i) the relevance of sharing real-time information; ii) the extent to which product
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specialists can directly troubleshoot, from a remote location, any sort of issues coming from
the field; and, iii) the effectiveness of the information sent by the product specialist to the
field technicians, in providing them remote support. Instead, to measure the task character-
istics with respect to their different dimensions (e.g. task complexity, task variance, etc.), we
resorted to several questions. In detail, technicians were asked to declare the occurrences,
during their daily job, of these events: i) following well-defined procedures; ii) unexpected
situations that require handling; iii) the checking of user manuals and work documents; iv)
asking for external support; and, v) making immediate decisions in the field as a conse-
guence of particular emergencies. To keep the questionnaire reasonably short, we decided
to use only one item per each of the abovementioned aspects, since they all appeared to be
pertinent during pretesting (see Table 12). It is worth noticing that the items related to the
construct TEC follow the same 5-point Likert scale as above, whereas the ones related to TAC

are measured with a different scale that ranges from 1 (Never) to 5 (Always).

Table 12 Question items used in questionnaire.

Construct Item Question
code
PEE PEE_1 | think that the usage of the MCAR system would improve my job performance,

enabling better communication with the product specialist in order to analyse
and solve the problem

PEE 2 Using the MCAR system would enable me to accomplish tasks more quickly
PEE_3 Using the MCAR system would enhance my effectiveness in my field service
tasks

PEE 4 | think that the MCAR system would simplify my job
PEE_5 Overall, | think that the MCAR system would be useful in my job
PEOU PEOU_1 Learning how to use the MCAR system would be easy and fast for me
PEOU_2 Ithink that using the MCAR system in real settings would be easy for me
PEOU_3 Ithink that using the MCAR system in my job would require a lot of mental effort

TTF TTF_1 To support my field service tasks, the functions of the MCAR system are enough
TTF 2 In general, the functions of the MCAR system fully meet my support needs
FC FC_ 1 In the past, when new technologies were introduced to support my job, my or-
ganization provided all the necessary resources and knowledge to use them at
their best
FC_2 The MCAR system is not compatible with other systems needed to perform my
activities
FC 3

If I needed help with using the MCAR system, | am confident that my organiza-
tion would arrange the resources (people and systems) to help me

Bl BI_1 Assuming that the MCAR system would be available in my job, | predict that |
would use it every time | needed to ask for support
BI_2 I would like the MCAR system would be available in my job
TAC TAC 1 My job requires precise procedures to be followed
TAC 2 In my job | need to handle unexpected events
TAC 3 In order to complete my activities, | need to check manuals and procedures
TAC 4 In order to complete my activities, | need technical support from a colleague or a
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product specialist

TAC 5 My job requires me to make quick decisions and work promptly
TEC TEC 1 The MCAR system allows information exchange in real-time
TEC 2 Exchanging images in real-time, to help the product specialist understand the

problem, will solve issues easily and quickly
Thanks to the ability to see my instructions superimposed onto the real scene, it
is easy to understand the advice of the product specialist

TEC_3

In conclusion, the questionnaire that was used for surveying the field service networks in
the selected cases was structured into three sections. The first captured the general infor-
mation about the respondent, such as age, gender, years of work experience, etc. The se-
cond focused on investigating the characteristics of the different field service tasks. As most
of the technicians were unaware of MCAR technology, they were asked to read a brief writ-
ten presentation and to watch the video recorded during the usage demonstration present-
ed in the previous chapter, prior to answering the questionnaire (the questionnaire and the
presentation of MCAR features are showed in Appendix A). Therefore, this section was also
intended to verify whether the respondent had fully understood the features of MCAR tech-
nology prior to providing the requested answers. Finally, the third section evaluated the re-
spondent’s perception about the technology. The survey was administered via e-mail, and
data were collected through a public web service (Google Drive). We prepared a cover letter
and an e-mail containing the link to access the web service. Then, to achieve higher response
rate, we asked each of the service directors to forward our message to their field techni-
cians, requesting them to fill in the survey. In the following section, we present and discuss

the most relevant findings that came out from data analysis.

5.4 Data analysis, results and discussion

541 Sample characteristics

In total, 396 questionnaires were distributed, and 352 were collected from respondents.
The exclusion of the questionnaires with missing, invalid or blank answers left a total of 312
valid records, leading to a final response rate of 78.8%. The general profiles of the respond-
ents are shown in Table 13. It is worth noticing that very few females were included in our
sample, as the field service networks were mostly made up of men. In addition, 99% and
96% of the technicians that work in, respectively, Océ Italia — Canon Group and IBM ltalia,
are more than 35 years old, whereas, on average, the personnel from Tecnomatic is younger
(76% less than 45 years old). It follows that, on average, the experience of the workers will
differ too. Océ ltalia — Canon Group and IBM ltalia employ, generally, more experienced

technicians (47% and 51%, respectively, have more than 25 years of experience) than Tecn-
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omatic (only 8% have more than 25 years of experience). Finally, none of the technicians
were actually familiar with MCAR or AR technologies, either in their personal lives or in a

business context.

Table 13 General profiles of respondents.

Options  Océ ltalia— IBM Tecnomatic
Canon Group Italia
Nr. (%)
Questionnaires Sent S0 235 71
Valid 80 172 60
Response  88.9% 73.2% 84.5%
rate
Gender Male 80 (100%) 170 59 (98.3%)
Female - (98.3%) 1(1.7%)
2 (1.7%)
Age (years old) <25 - - 2 (3%)
25-34 1 (1%) 7 (4%) 12 (20%)
35-44 27 (34%) 39 (23%) 32(53%)
45-54 48 (60%) 64(37%) 14 (23%)
255 4 (5%) 62 (36%) -
Experience in field <10 8 (10%) 7 (4%) 24 (40%)
services (years 10-19 13 (16%) 44 (26%) 19 (32%)
spent doing thisor ~ 20-24 22 (28%) 33 (19%) 12 (20%)
) 25-29 26 (33%) 21 (12%) 5 (8%)
>30 11 (14%) 67 (39%) -

5.4.2 Results and discussion

The questionnaires were analysed in several ways. Firstly the descriptive statistics of the
items are measured in order to assess the perception of users towards MCAR (see sub-
section 5.4.2.1). Secondly, the results of reliability and validity testing of the measurement
model are presented (sub-section 5.4.2.2). Thirdly, multi-group analysis was performed using
AMOS 20 (Arbuckle, 2011) and SPSS 19 for Windows as the analysis tools in order to under-
stand if the results of each company significantly differ with respect to the confirmation of
the relationships among constructs hypothesized in Section 5.2. Finally, since non-invariance
of the constructs among the three groups (i.e. the companies) was achieved, all the data
were grouped together and the statistical significance of the hypotheses (the validation of
the structural model) was evaluated through a structural equation model (SEM) using maxi-
mum likelihood method for parameters estimation (a brief introduction on SEM is given in

Appendix B).
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5.4.2.1 Evaluation of MCAR technology

In order to assess the perception of end users towards MCAR and to understand if those

perceptions differ depending on the specific context of the companies interviewed, we eval-
uated the descriptive statistics of each item (see Table 14) and tested if a statistically signifi-
cant difference existed between the answers of each item of the questionnaire depending
on the company. In particular we performed a non-parametric test (we could not assume
that the data were normally distributed) which null hypothesis states that the groups have
the same median (i.e. the Kruskal-Wallis test). The results of the test (i.e. p-value) are
showed in Table 14 (significant differences are in bold): since the null hypothesis states the
invariance of the median among the groups, if p-value<0.05, a significant difference exists;

otherwise, if p-value>0.05, the company does not have influence on the answers.

Table 14 Descriptive statistics of the questionnaire items for each company and p-value of Kruskal-Wallis test.

Océ Italia— Canon IBM ltalia Tecnomatic Kruskal-Wallis
Group Test
Average St.dev. Average St.dev. Average St.dev. p-value

TAC 1 4,35 0,68 4,37 0,65 4,17 0,87 0.395
TAC 2 3,43 0,67 2,60 0,63 3,42 0,81 0.000
TAC 3 4,08 0,61 3,70 0,79 2,48 0,70 0.000
TAC 4 2,60 0,56 2,88 0,58 2,87 0,60 0.001
TAC 5 3,85 0,73 3,56 0,91 3,07 0,94 0.000
TEC_1 3,3 0,84 4,34 0,78 4,13 0,87 0.013
TEC_2 3,15 1,02 3,99 0,98 3,97 0,82 0.574
TEC_3 3,26 0,98 4,09 0,88 3,87 0,81 0.043
TTF_1 3,15 0,99 3,30 1,12 3,15 0,92 0.366
TTF_2 3,46 1,01 3,26 1,15 2,98 0,91 0.175
PEE_1 4,03 1,06 3,41 1,08 3,15 1,04 0.303
PEE_2 3,85 1,08 3,14 1,20 2,9 1,07 0.405
PEE_3 3,83 0,92 3,34 1,20 3,02 1,03 0.116
PEE_4 3,14 1,04 3,27 1,18 2,88 1,15 0.099
PEE_5 3,15 0,98 3,44 1,14 3,15 1,12 0.153
PEOU_1 3,61 0,97 3,81 0,94 BR38 0,82 0.004
PEOU_2 3,26 1,00 3,71 1,03 3,22 0,87 0.001
HAO & 2,13 0,85 2,14 0,87 1,93 0,74 Y
(reverse scale)
FC_1 3,49 0,84 3,69 0,87 3,23 1,08 0.005
6 2 2,13 0,88 2,15 0,90 2,22 1,01 0.883
(reverse scale)
FC_3 3,24 0,85 3,87 0,99 3,42 0,91 0.000
Bl_1 3,50 1,03 3,30 1,23 3,23 1,16 0.341
BI_2 3,51 1,09 3,37 1,21 3,35 1,10 0.660

Analysing the descriptive statistics several consideration can be highlighted. With respect
to task characteristics (i.e. items from TAC_1 to TAC_5) significant differences among com-

panies resulted for all the items except for TAC_1. The need to follow specific procedure, in
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fact, is often/always perceived by technicians as part of their job (TAC_1 > 4) in each case
study. Conversely, the need to handle unexpected event is less frequent than TAC_ 1, and
Océ ltalia — Canon Group and Tecnomatic (TAC 2 = 3.4) significantly differ from IBM Italia
(TAC_2 = 2.6). This result was expected since IBM ltalia is the case study in which the activi-
ties performed to define the action plan are more structured so that the occurrence of situa-
tions that differ from the action plan identified by the first level of support is rare. With re-
spect to the need to consult user manuals, instead, a significant difference resulted among
all the companies: technicians of Océ Italia — Canon Group state to consult manual often (i.e.
TAC_4 > 4), technicians of IBM ltalia sometimes and the ones of Tecnomatic only rarely. Fi-
nally, all the respondents state that on average the need to be supported by a product spe-
cialist is rare and the need to make quick decisions and work promptly is less frequent in
Tecnomatic than in the other two case studies. Probably this result is related to the absence
of a service contract in Tecnomatic if compared Océ Italia — Canon group and IBM lItalia that,

instead have to be compliant with strict service level agreements.

With respect to the items that measure the Task-Technology Fit and Performance Expec-
tancy, on average all the respondents agree that there is a fit between the characteristics of
the MCAR system and the feature of their service task (TTF_1 and TTF_2 > 3) and, thus that
MCAR system could be useful for their activities. In particular the usefulness is recognized espe-
cially in terms of performance improvements, speed and effectiveness of the intervention.
The Kruskal-Wallis tests for these items resulted in not-rejection of the null hypothesis and
so any statistical difference was not noticed among the companies. However, looking at the
average scores for TTF and PEE, lower scores resulted for Tecnomatic but these differences
are not significant due to the high standard deviations. This finding suggests that maybe
MCAR is more suitable in contexts characterized by a high level of product complexity and
uncertainty in the kind of field intervention but further analyses are needed prior to confirm-

ing this hint.

MCAR is perceived to be easy to learn and to use (PEOU_1 and PEOU_2 > 3, PEOU_3 = 2
with a reverse scale) and respondents from all the companies on average agree that their
organization will provide the resources and infrastructures to support them in using MCAR
(FC_1and FC_3 >3, FC_2 = 2 with a reverse scale). Even in this case from the Kruskal-Wallis
test results a significant difference was noticed for Tecnomatic with respect to the other
companies and in particular lower scores were achieved in terms of both easiness to learn

and use and facilitating conditions.
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Finally all the respondents on average are willing to use MCAR when needed (Bl_1 and
BI_2 > 3). Even in this case there is a slightly difference in score depending on the company
not confirmed by the Kruskal-Wallis test. Océ Italia — Canon Group seems to be the most
prone to use MCAR (BI_1=3.5) whereas Tecnomatic got the lowest score (Bl_1=3.23) but due

to the high standard deviation further analyses are needed to confirm this hint.

From this analysis seems that the span of products and their complexity in terms of how
often the technician has to face unknown situations could impact MCAR evaluation. Tecno-
matic, in fact, has simpler products than IBM ltalia and Océ Italia — Canon Group. In addition,
Océ’s printers have more mechanical parts than IBM Italia’s products so, while IBM Italia
often can solve problems through a remote connection to the machine, Océ lItalia — Canon
Group needs to perform physical intervention and it is more likely that a technician needs
external support. Concluding, MCAR system seems to be particularly suitable to support in-
dustrial field services on products characterized by several mechanical and electrical compo-
nents and whenever the disassembling of the product and substitution of parts can be criti-

cal.

5.4.2.2 Assessment of the measurement model

The measurement model (i.e. the questionnaire) was assessed with respect to each single
construct, except for the items pertaining to the task characteristics. As already mentioned,
since they measure different aspects of the work content, we did not merge them into a
single construct but considered each of them as directly influencing the TTF. Then, with re-
gard to the other constructs (i.e. PEE, PEOU, TEC, TTF, FC and BI), we examined the internal
consistency (i.e. if the items that propose to measure the same general construct produce
similar scores) of each individual scale by subjecting it to Cronbach’s alpha test. As shown in
Table 15, Cronbach’s alpha values greater than the standard threshold value of 0.70
(Nunnally, 1978) were obtained except for PEOU and FC. These latter cases, in fact, were
affected by PEOU_3 and FC_2 respectively. These items were both measured according to a
scale that is reverse, in comparison to the one used for other items of the same constructs. It
is probable that the questionnaire was not clear enough when specifying that the respond-
ent had to follow a reverse scale to answer those specific questions. In fact, if these items
are removed, the values of Cronbach’s alpha raise up to 0.871 (PEOU) and 0.671 (FC). De-
spite these latter values do not match the Nunnally’s criterion (Nunnally, 1978), we accepted
the consistency of the measurement tool, since even lower values have been regarded as
satisfactory in previous research (McKinley et al., 1997, Bosma et al., 1997). After making the

suggested changes, we obtained a final 21-item questionnaire that was tested as reliable.
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Table 15 Reliability, correlations, convergent validity and discriminant validity.

Cronbach’s CR AVE PEE TTF BI TEC FC PEOU
Alpha

PEE 0.944 0.947 0.782 0.894

TTF 0.911 0.911 0.836 0.884 0915

Bl 0.957 0.957 0918 0.636 0.617 0.958

TEC 0.886 0.889 0.728 0.706 0.736 0.505 0.853

FC 0.671 0.756 0.631 0.349 0.362 0.360 0.413 0.794

PEOU 0.871 0.876 0.780 0.572 0.529 0.477 0.656 0.502 0.883

Next, we carried out a confirmatory factor analysis (CFA) to test the overall fit of the
model as well as its convergent validity (i.e. if two measures of items that are supposed to be
related, are in fact related) and discriminant validity (i.e. if two measures of items that are
supposed to be unrelated, are in fact unrelated). Four common measures were used for
model fitting, namely chi-square/degree of freedom (x*/dof), the goodness-of-fit index (GFI),
root mean square error of approximation (RMSEA) and, the comparative fit index (CFI). As
shown in Table 16, in all cases, the model-fit indices exceeded the respective levels of ac-
ceptance, as suggested in prior literature (Hair et al., 1998, Byrne, 2009). Therefore, we con-

cluded that the measurement model was a good fit with the data collected.

Table 16 Fit indices for measurement model.

Fit Indices Recommended Value Result

X /dof <2 1.761
GFI >0.9 0.943
RMSEA  <0.08 0.050
CFI >0.95 0.984

Convergent validity was assessed by examining the item reliability, the loadings and their
statistical significance through composite reliability and average variance extracted (AVE)
(see Table 15). The composite reliability (CR) of each construct is above the minimum rec-
ommended level of 0.60, as it ranges from 0.756 to 0.957. Hence, all measures reveal a good
reliability (Bagozzi and Yi, 1988, Hair et al., 1998). Finally, the completely standardized factor
loadings reached values higher than 0.7 for their corresponding construct (see Table 17), and
all the constructs had a CR above 0.6. In Table 15, off-diagonal values are pairwise squared
correlations between couples of constructs, whereas the diagonal bold values represent the
AVE measures of each construct. The first were found to be smaller than the average vari-

ance extracted measures of the related constructs, so each construct appeared to be more
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closely related to its own measures than to those of other constructs. As a result, discrimi-
nant validity was also supported. In addition, the AVE measures always exceeded 0.50, as
recommended by Fornell and Larcker (1981). Therefore, as good model fit, reliability, con-
vergent validity and discriminant validity were achieved, we assumed that the measurement

model was appropriate for testing the structural model at subsequent stages.

Table 17 Descriptive statistics and factor analysis for the measurement model.

Average Std.dev. PEE TEC BI PEOU TTF FC
PEE_1 3.34 1.060 0.895
PEE_2 3.09 1.144 0.881
PEE_3 3.25 1.106 0.899
PEE_4 3.17 1.142 0.904
PEE_5 3.40 1.093 0.897

TEC_1 4.22 0.821 0.870
TEC_2 3.95 0.961 0.916
TEC_3 3.97 0.898 0.907
TTF_1 3.23 1.044 0.826
TTF_2 3.19 1.067 0.894
PEOU_1 3.68 0.929 0.953
PEOU_2 3.52 1.006 0.922
FC_1 3.55 0.917 0.971
FC_3 3.62 0.979 0.947
Bl_1 3.33 1.166 0.976
BI_2 3.40 1.157 0.976
p<0.01

5.4.2.3 Multi-group analysis

Even if some differences in the descriptive statistics emerged among the companies that
form our sample, in order to verify if a significant difference exists in the hypothesized rela-
tionships among constructs in the structural model depending on the company selected, a
multi-group analysis was performed. The dataset corresponding to the answers collected
from each company forms a group and the purpose of the multi-group analysis is to assess
the replicability of the structural model across groups. This analysis was performed using
AMOS 20. Firstly, a baseline model (named configural model) that fits with the datasets of all
the three companies was defined. In particular, the configural model is depicted in Figure 29
and the parameters are estimated for all the groups simultaneously. The set of indices used
to evaluate the fitting were xz/dof, GFIl, RMSEA and, CFIl. As we can see from Table 18, even if
only x*/dof and RMSEA values respect the corresponding threshold, according to Byrne
(2009) it is possible to conclude that a satisfying fit exists between the proposed model and

the three datasets tested and so it can be used as a baseline for the multi-group analysis.
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Table 18 Fit indices for structural model for each company.

Fit Indices Recommended Value Result

X /dof <2 1.603
GFI >0.9 0.815
RMSEA  <0.08 0.044
CFI >0.95 0.927
\.-1 1 \.-3 1 \.-4 1 v5_1
F‘EE 1 F'EE 2 | | F'EE 3 | | F'EE 4 F'EIE_.')
1 at_1 72 1a3 14, 4

Figure 29 Baseline model for multi-group analysis.

According to Arbuckle (2011), multi group analysis compares a model with equality con-
straints to a model that allows parameters to vary (e.g. the baseline model defined above).
As suggested by Byrne (2009) and Joreskog (1971), testing equivalence requires executing a
global test of the equality of covariance structures across the groups of interest. Hence, the
null hypothesis tests the equivalence of the population variance-covariance matrix. In case
this is rejected—the groups are supposed to be non-equivalent—so further investigations
are necessary to identify the sources of heterogeneity. Conversely, if the null hypothesis
cannot be rejected, the groups have equivalent covariance structures. Therefore, in this lat-
ter case, the difference among the companies turns out to be not significant. In our study,
two methods were applied to verify the effects of the application context on MCAR evalua-
tion: a traditional approach based on assessing the ¥* difference (Ax?) and an approach that

focuses on CFI differences (ACFI). Firstly, the non-invariance of the measurement weights
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was assessed comparing the configural model with Model 1, i.e. a model where all the pa-
rameters (named “a” in Figure 29) that weight the relation between a construct and an ob-
served variable (a questionnaire item) are constrained equal across groups. Table 19 reports
the x> and CFI values for the configural model and Model 1, as well as their differences (i.e
Ay and ACFI). AY?, that is distributed as a x* with degrees of freedom equal to the difference
of the degrees of freedom of the compared models (i.e. dof=28), turned out to be not signif-
icant. In addition, since the value of ACFI was lower than 0.01 (Cheong and Rensvold, 2002)

the presence of invariance in the measurement weights was confirmed.

Table 19 Results of multi group analysis: fit indices of configural model, comparison models, and differences with
configural model.

Fit Indices
X CFl  AY Significant? ACFI  Significant?
(a=0.05) (ACFI>0.01)
Configural model 779.074 0.927 - - - -
Model 1 815.155 0.925 36.081 No 0.002 No
Model 2 840.761 0.922 61.687 Yes 0.005 No
M2-TECS>TTF 823974 0.923 449 No 0.002 No
M2-TTF>PEE  817.205 0.927 38.131 No 0.002 No
M2-PEOU-SPEE 815283 0.926 36.214 No 0.001 No
M2—FC->PEOU  817.417 0.925 38.343 No 0.002 No
M2— PEE->BI 824314 0923 45.24 Yes 0.004 No
M2- FC->BI 820.800 0.924 41.726 No 0.003 No

Secondly, the non-invariance of the structural weights was assessed comparing the con-
figural model with Model 2, i.e. a model where in addition to the parameters constrained in
Model 1, all the parameters (named “b” in Figure 29) that weight the relation between two
constructs are constrained equal across group. In Table 19 the x* and CFl values for Model 2
as well as their differences, are reported too. In this case, Ax* with dof=40 turned out to be
significant at a=0.025 while ACFI was lower than 0.01. Based on the results of Ax* we con-
clude that one or more of the structural weights are not operating equivalently across
groups. Therefore, the next step is to determine which structural weight is contributing to
these non-invariant findings constraining one structural weight at a time to be equal across
groups. The results of this step are presented in Table 19; the name of the model includes
the path constrained equal across groups. The path responsible for the non-invariance of the
structural weights across groups is the one that links Performance Expectancy and Behav-
ioural Intention (i.e. M2— PEE->BI). However, analysing this result it is possible to observe
that Ax? value is significant with a=0.05 but became not significant if a=0.025. Therefore,
from the multi-group analysis we can state that the structural equation model is invariant

with respect to the three datasets collected from the case studies. For this reason, in the
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following section, the hypothesis testing to assess the structural model is performed against

a unigue dataset that gathers the answers from the three companies.

5.4.2.4 Assessment of the structural model and discussion

As shown in Table 20, the fitness of the structural model was tested with respect to the
same indices used for the measurement model—y?’/dof, GFI, RMSEA and, CFl. Comparing the
values of each index with their corresponding recommended values, we can conclude that
ARTAM has a good fit with the data. Given the fit of the structural model, we estimated the
path coefficients to assess the strength of the relationships between dependent and inde-
pendent variables. In Figure 30, the values for the standardized path coefficients and for the

coefficients of determination (R?) of the latent variables are reported.

Table 20 Fit indices for structural model.

Fit Indices Recommended Value Result

X /dof <2 1.862
GFI >0.9 0.913
RMSEA  <0.08 0.053
CFI >0.95 0.965
PEE
(82%)
TAC ~ ~y| 0.15*
PEOU Bl
(50%) (43%)
TEC 0.27%
*p<0.001 FC

**p<0.01

Figure 30 Path coefficients and coefficients of determination of ARTAM.

In summary, our assumptions appeared to be strongly supported, except for hypotheses
H4 (B=0.06, p=0.451) and H7 (B=0.11, p=0.084) that, conversely, were not supported. In ad-
dition, H1 was only partially supported. In detail, the characteristics we chose to describe
MCAR were found to be relevant with respect to the evaluation of the fit between task and
technology, as H2 was confirmed (B=0.743, p<0.001). In addition, this value is consistent
with previous findings (Lin and Huang, 2008, Zhou et al., 2010, Yen et al., 2010, Shih and
Chen, 2013). Regarding the effect of TAC on TTF, we tested the direct influence of each item
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(i.,e. TAC_ 1, TAC 2, TAC_3, TAC_4 and TAC_5), thus splitting H1 into five sub-hypotheses (i.e.
H1 1, H1 2, H1 3, H1 4 and H1_5). While H1 3 (B=0.19, p=0.001) and H1 4 (B=0.26,
p<0.001) were strongly supported, H1_5 was only moderately supported (=0.11, p=0.06).
H1 1 (B=0.09, p=0.105) and H1_2 (B=-0.04, p=0.449) were not supported. Therefore, we can
state that MCAR technology seems to fit the needs of field services the more technicians
need to: i) receive remote support (TAC_4); ii) frequently consult manuals and written pro-
cedures (TAC_3); and, iii) make quick decisions in the field (TAC_5). Therefore, we can infer
that technicians perceived both the retrieval of information and the promptness of interac-
tions with remote specialists as relevant features of MCAR. Conversely, no significant rela-
tionship emerged between the features of MCAR and the complexity and divergence of the
service tasks, since TAC_1 and TAC_2 respectively focused on evaluating the amount of time
that is spent doing routine work (e.g. a recurrent/cyclical maintenance duty that follows a
rigid and well-codified procedure) and on handling unexpected events (e.g. planning actions

to restore equipment from sudden/not conceivable faults).

Another relevant issue to be discussed concerns the linkages between TTF and UTAUT. In
this case, we have to refer to H3, H4 and H5. H3 (3=0.55, p<0.001) and H5 (3=0.82, p<0.001)
were strongly supported, whereas H4 turned out to be not significant. Therefore, we can
conclude that the perceived ease of use is determined directly by the technical features of
MCAR, since it is not influenced by the fit between TAC and TEC. This is also in line with find-
ings from previous studies (Zhou et al., 2010, Yen et al., 2010). Conversely, the performance
expectancy was significantly influenced by TTF, confirming that if a technology is perceived
adequate to support a task, the perception of usefulness is positively impacted. Again, simi-

lar results have been found in other research (Zhou et al., 2010, Shih and Chen, 2013).

As mentioned in Section 5.2, the hypotheses from H6 to H10 arose from the UTAUT con-
structs of ARTAM. It turned out that Bl was mainly determined by PEE (H6: 3=0.59, p<0.001)
and only moderately influenced by FC (H8: B=0.15, p<0.01). In addition, PEOU did not have a
direct influence on Bl (H7 was not supported), but it turned out that it affected it indirectly,
through PEE. In fact, their relationship was significant (H10: =0.15, p<0.001). Regarding the
fact that H7 was not supported, this is indeed an expected result. In line with some other
studies (Keil et al., 1995, Shen and Eder, 2009), Davis himself suggests that “ease of use op-
erates through usefulness” (Davis (1989), p.332). However, a direct relation between PEQU
and Bl can be supposed, especially in case the task is integral to technology (Gefen and
Straub, 2000). In our study, instead, MCAR is intended to be not a mandatory “prosthesis” of

technicians (Hollnagel and Woods, 2005), but only a tool to enhance, eventually, their ability.
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Thus, in a situation like this, usefulness is prevalent compared to perceived ease of use in

determining behavioural intention to use a technology.

Finally, the results show that FC influences more PEOU (H9: B=0.27, p<0.001) than BI. In
fact, facilitating conditions may positively impact upon perceived ease of use and, as a result,
on behavioural intention to use. This finding is also confirmed by other studies on UTAUT
(Venkatesh et al., 2003, Zhou et al., 2010, McKenna et al., 2013) that suggest that facilitating
conditions affect the use, not the intentions. Therefore, in order to evaluate the users’ per-
ceptions towards future adoption of MCAR to support industrial field services, the relation-
ship between FC and Bl is only moderately confirmed. The summary of testing results is de-
picted in Table 21.

Table 21 Summary of testing results.

Hypothesis  Path Result of
hypothesis testing

H1 TAC->TTF Partially supported

H2 TEC>TTF Supported

H3 TEC->PEOU Supported

H4 TTF>PEOU Not supported

H5 TTF->PEE Supported

H6 PEE->BI Supported

H7 PEOU—BI Not supported

H8 FC—>BI Supported

H9 FC—>PEOU Supported

H10 PEOU—>PEE Supported

H11 EXP moderates TAC>TTF Not supported

H12 EXP moderates Not supported

TTF—>PEE and PEOU—>PEE
With respect to the causal relationships among variables, it is important to notice that

the ARTAM explained the substantial variance in PEOU (R’=0.50), PEE (R’=0.82), TTF
(R?=0.55) and BI (R?=0.43). Moreover, TEC explained 55% of the variance contained in TTF,
whereas TEC and FC had a significantly positive effect on PEOU, by explaining 50% of its vari-

ance. Together, PEOU and TTF explained 82% of the variance in PEE. However, TTF contrib-
uted more than PEOU in determining PEE. Finally, PEE and FC jointly explained 43% of the

variance in Bl, with a more dominant contribution of PEE in comparison to FC.

The last analysis concerns the assessment of the moderating effect of the technicians’
experience on the relationships between firstly, task characteristics and task-technology fit,
secondly, task-technology fit and performance expectancy and, thirdly perceived ease of use
and performance expectancy (H11 and H12). First of all, the questionnaires were grouped

with respect to the technicians’ experience. We considered “expert” technicians as those
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who had accumulated more than 10 years of experience doing the same or quite similar
jobs. This led to having 258 “expert” respondents and 54 “non-expert” respondents. Against
the different datasets, we tested the ARTAM model with a multi group analysis, using the
same approach as presented in sub-section 5.4.2.3. In this case we compare a model with
equality constraints (e.g. non-expert) to a model that allows some parameters to vary (e.g.
expert). Then the global test of the equality of covariance structures across the groups of
interest were performed in order to evaluate if the moderating effect of the technician’s
experience is not significant (null hypothesis cannot be rejected). Even in this case the meth-
ods of ¥ difference (Ax®) and CFI differences (ACFI) were used and two models were created
to measure the non-invariance of the measurement weights (i.e. model 1) as well as of the
structural weights (i.e. model 2) with respect to the moderating variable “experience.” Table
22 reports the x* and CFl values for the configural model and the comparison models, as well

as their differences.

Table 22 Multi group analysis: fit indices of configural model, model 1 and model 2, and differences with configural
model.

Fit Indices Configural model Modell Model 2
2

X 589.236 604.415 612.561
CFl 0.950 0.950  0.949
A - 15.179  23.325
ACFI - 0.000  0.001

AY?, that is distributed as a x* with degrees of freedom equal to the difference of the de-
grees of freedom of the compared models (i.e. dof=15 for model 1 and dof=22 for model 2),
turned out to be not significant in both cases. In addition, since the values of ACFI were al-
ways lower than 0.01 the presence of invariance was confirmed. Therefore, since H11 and
H12 are not supported we can state that the technicians’ experience has no moderating ef-

fect on the ARTAM structure.

5.5 Conclusions, limitations and future research

This chapter presents an extended technology acceptance model (ARTAM) that aims to
understand how field technicians perceive and would, potentially, adopt MCAR technology
in their jobs. From a theoretical perspective, this research is unique for at least three rea-
sons: i) it takes into account an emerging technology (Augmented Reality) that is expected,
over the next few years, to be widely adopted in service networks (Fenn and LeHong, 2011,
Porcelli et al., 2013b); ii) to the best of the authors’ knowledge, it represents the first at-

tempt to determine the acceptance of MCAR in the context of interest—through a quantita-
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tive investigation of the perceptions of field-technicians; and, iii) it is the first attempt to
consider technology acceptance (TAM and UTAUT) in conjunction with a task-technology fit
(TTF) model for assessing AR usage. Another relevant result is the validation of the proposed
model, ARTAM. The measurement model confirmed an adequate convergent validity and
discriminant validity, and the structural one explained more than 40% of the “intention to
use” variance. In particular, “intention to use” was mostly influenced by “performance ex-
pectancy” rather than “perceived ease of use” and “facilitating conditions,” whereas TTF

strongly affected “performance expectancy” with respect to “perceived ease of use.”

With respect to the end-users valuation of MCAR, from this study we achieved interesting
insights (see Table 14 and Table 17). In brief, the overall acceptance of this technology ap-
peared quite good—it was considered by technicians sufficiently adequate to support their
daily jobs and useful in improving their work performance. In addition the cross-sectional
analysis suggests that slightly differences exist with respect to the context. However, since
those differences are not statistically significant, more focused research are needed in order
to assess the dependence of perceptions towards MCAR from the complexity of the context
under investigation in terms of products and kind of field intervention. Beyond these specific
results, however, the proposed model must be considered a valuable tool to evaluate the
perceptions of end users towards the adoption of this kind of technology. Managers, in fact,
could exploit this framework at the early stage of technology introduction, i.e. in pre-
implementation stages, to evaluate in greater detail the barriers and resistances, prior to

further development and full acquisition of the technology.

Finally, the study’s findings also provide some helpful hints to engineers who are engaged
in developing MCAR systems. On one side, the relevance of user-centred design is highlight-
ed, since ease of use affects usefulness that, in its turn, determines the intention to use. In
fact, if technicians think that the use of MCAR would not be free of effort, their perceptions
about the achievable improvements of job performances could be reduced. On another side,
it is important to design and develop systems that fulfil specific needs. In fact, as our study
revealed, MCAR is mostly viewed as adequate in providing remote support (TAC_4), helping
to retrieve and consult written procedures (TAC_3) and, lastly, in helping to make faster de-
cisions in the field (TAC_5). Thus, system developers should focus on making the exchange of
audio/video streams more efficient, as well as on integrating MCAR into enterprise content

management applications for easier document access, retrieval and distribution.

Despite the relevance of this study, several limitations must be also acknowledged. First-

ly, as mentioned in Section 5.3.2, the characteristics of the job are measured through the
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TAC construct. In order to keep the questionnaire short, it detects only one item for each
relevant aspect. However, including more items would improve internal consistency. Hence,
this could be one avenue of future research. Secondly, since MCAR had not yet been adopt-
ed within the studied companies, only cross-sectional data was collected. Since users’ behav-
iour is dynamic and constantly changing, a longitudinal research study involving technicians
who already use these systems at work, would provide more insights into how user adoption
behaviour changes over time. Thirdly, despite the explained variance (43%) being consistent
with the extant literature (Venkatesh and Davis, 2000, Kuo and Yen, 2009, McKenna et al,,
2013), some factors that are not considered in the ARTAM model could also affect the user’s
intentions. For instance, the few papers that address the acceptance of Augmented Reality
in education and tourism considered the “perceived enjoyment” construct (Balog and
Pribeanu, 2010, Rasimah et al.,, 2011, Pribeanu, 2011, Haugstvedt and Krogstie, 2012).
Hence, future research could also include this construct to assess if it can improve the scope
of ARTAM.

Another limitation may refer to the sample—technicians from companies that provide
products and services in the IT and printing industries. The selected companies are very dif-
ferent with respect to the type and complexity of their products, their size and, the exten-
sion of their service business. Therefore, generalizability of the study’s findings should not be
guestioned. However, as these companies are, to a certain extent, all competing in the vast
arena of digital equipment, it is reasonable that the interviewed technicians could have a
higher propensity to adopt and use ICTs than individuals who are employed in very different
industries. Another limitation concerns our unit of analysis. We investigated the perceptions
of field technicians only, without taking into account the points of view of remote specialists,
as they are very limited in number. However, their intentions can be relevant for the compa-
nies as well. Hence, future research should carefully consider this aspect. Lastly, our sample
of respondents included a majority of “experienced” technicians (82.6%). In order to confirm
the non-significant moderating effect of experience, a greater concentration of less experi-

enced/skilled technicians should also be included in the sample and interviewed.
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Chapter 6

Conclusions and direction
for future research

6.1 Conclusions

This thesis examined the issues related to the adoption of Augmented Reality technolo-
gies to support the provision of industrial field services. The relevance of this topic is con-
firmed by the increasing number of OEMs that, in addition to service firms, are integrating
the selling of their products with the provision of services so that the part of their revenues
coming from service delivery is more and more strategic. For this reason, be effective and
efficient in the delivery of services on field is a necessary goal to pursue. However, several
sources of complexity in servicing the installed bases can be identified such as the shorter
and shorter innovation cycles as well as frequent upgrades that continuously inject the latest
technologies into the installed bases, the increasing complexity of equipment that require a
large plethora of skills to be configured and maintained and the need to deploy on field
technicians able to perform different tasks such as making a diagnosis, finding a solution to
an unknown problem, following complicated maintenance procedures, etc. Moreover, ac-
cording to AR developers, the situation depicted above, and in particular the issue related to

the knowledge distribution to the field force, could be improved with the adoption of AR
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technologies. However, since AR is an emerging technology, up to now only few pilots pro-
ject for its introduction in the industrial context can be found; for this reason, using the per-
spective of the service provider, irrespective of servitized OEMs or service firms, we con-
ducted several explorative studies in order to get insights into its potential use, the expected

benefits and efforts related to its adoption and, the acceptance of AR by the field force.

In section 1.2 this overall goal has been broken down in three research questions. It is

now possible to give an answer to each one.

RQT: Which AR system better fits with the specific requirements of different industrial field

services?

In order to answer this question, a thorough literature review on both AR systems and in-
dustrial services has been conducted in order to firstly derive a 3-dimension typology that
classify the main feature of the AR proposed and then identify the AR system that better fits

with the specific requirement of each kind of IFS identified.

From this study emerged that to specify an AR system, the level of each of the following
three dimensions need to be selected: i) the intrusiveness, i.e. the extent to which, prior to
adopting and using AR, the service provider is obliged to prepare and modify, in advance, the
customer’s environment; ii) the portability, i.e. the extent to which user’s motions and
movements could be prevented or not, as a consequence of specific 1/0O devices; iii) the in-
dependence, i.e. the extent to which a technician, while doing her/his mission, likely resorts
to external assistance as a consequence of the gap between the mastered skills and those
needed to perform the demanded task. In particular, the first dimension distinguishes be-
tween hybrid tracking systems instead of natural feature-based ones, the second one be-
tween the 1/O devices such as handhelds rather than HMDs, while the latter one between
AAR and MCAR systems.

Merging this typology with the IFS classification, three patterns emerged:

Pattern 1. If the aim is to recover the product functionality and complex/divergent
problems arise so that troubleshooting is needed to decide what actions have to be
done, MCAR can favour collaboration and support from remote help-desk, assuring
symmetry in bidirectional communications without introducing idle times.

Pattern 2. If the aimis to recover the product functionality and action plans can be eas-

ily translated into code and algorithms, single-user AAR can help technicians to get the
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right information in the right place and at the right time. As a result, workforce produc-
tivity can be improved.

Pattern 3. If the main goal is an improvement in the asset availability, information
about product status, customer environment, process mission and functional parame-
ters needs to be achieved in order to carry on some inspections or to define, eventually,
some action plans. In this case, AR system embedded in handhelds can support this task
improving the visualization of information, standing in front of industrial product.

This first result can be of some interest for both scholars and practitioners. On one side,
in fact, since this study represents a first attempt to organize the huge amount of existing
information, ideas, conceptual assumptions, the typology can guide ClIOs and service manag-
ers in understanding how AR could be a solution for their businesses and what kind of tech-
nologies fit better their technical and functional needs. On the other hand, this study gives
useful insights even for developers of AR devices into both considering IFS-related issues

during the design phase and the requirements definition.

RQ2: How AR adoption will influence the delivery of industrial field services?

To answer this question, we focused the study on Pattern 1 and we carried out several
explorative case studies in order to get insights directly from the field. In particular, potential
benefits, efforts, and process redesign requirements were identified through the case study
with Océ lItalia - Canon Group, whereas the steps of MCAR adoption including the reason
why it was decided to adopt MCAR to support IFS delivery and the experienced benefits and
problems resulted from the two retrospective case studies (i.e. SIDEL and IMA Servizi).

Summing up all the information achieved we identified two main areas in IFS delivery that
companies need to work on in order to be ready to introduce MCAR as soon as the current
issues will be overcome. Firstly, the need for increasing the investments to enhance the
competence centres that become essential for the technical product knowledge distribution
towards these new technologies across the world. In this way, in fact, if specialists residing in
remote centres can adequately support the field force through MCAR, even poorly skilled
technicians could be sent to the customer for the IFS provision. Then, once the support net-
work essential for the usage of MCAR is developed, i.e. companies are able to remotely sup-

port somebody on field worldwide and 24/7 through MCAR, we expect that companies will
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include the MCAR-based support system in their offering, replacing, thus, the direct service
network with the customer’s personnel such as the machine/industrial plant’s operators.
The main contribution of the findings of these explorative studies is that relevant hints
are identified for CIOs and service managers. We believe these technologies are directed,
within a few years, to become a standard equipment of service and maintenance depart-
ment. However, several changes are requested to the traditional service delivery system in
order to gather the maximum benefits. Therefore, in order to be ready as soon as the cur-
rent issues will be overcome, it is necessary to rethink to the entire field organization involv-
ing all the interested workers and stakeholders (such as managers, technicians, product spe-

cialists, labor unions, etc.).

RQ3: What is the level of acceptance and the willingness to use AR of the field force?

This research question has been quantitatively addressed using a survey-based approach.
In particular, even in this case we referred to Pattern 1 and to the adoption of MCAR tech-
nology. Based on TAM (Davis, 1989) and TTF (Goodhue and Thompson, 1995) literature, we
developed a novel model named ARTAM (i.e. Augmented Reality Acceptance Model) that
identifies the factors that affect the intention to use MCAR of the field force. Then, the mod-
el was validated against the surveys of three companies (i.e. Océ Italia — Canon Group, IBM
Italia and Tecnomatic) whose field force were selected as test benches. Analysing the ques-
tionnaires collected using SEM (Byrne, 2009), the main findings with respect to RQ3 are two-
fold. Firstly, regarding the relationship among constructs, the intention to use MCAR result-
ed mainly determined by Performance Expectancy (PEE) and to a lesser extent by facilitating
conditions (FC). In its turn, PEE is mainly determined by Task-Technology Fit (TTF) and to a
lesser extent by Perceived Ease of Use (PEOU). Finally, Technology Characteristic influences
PEQU whereas, together with Task Characteristics, affects TTF. Secondly, regarding the
guantitative evaluation of MCAR and the resulting intention to use, the overall acceptance of
this technology appeared quite good—it was considered by technicians sufficiently adequate
to support their daily jobs and useful in improving their work performance. In addition MCAR
was recognized as an adequate tool when remote support is needed, written procedure
needs to be retrieved and consulted and, lastly when faster decisions in the field need to be

made.

Concluding, this study is relevant for scientific research as well as for its managerial impli-
cations. From a theoretical perspective, this research is the first example of an integrated

model (TAM and TTF) for assessing MCAR usage—through a quantitative investigation of the
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perceptions of field-technicians. In addition, ARTAM has been validated since the measure-
ment model confirmed an adequate convergent validity and discriminant validity, and the

structural one explained more than 40% of the “intention to use” variance.

From a managerial perspective, besides the interesting results on how technicians per-
ceive MCAR, since ARTAM was validated, it should be considered a valuable tool to evaluate
the perceptions of end users towards the adoption of this kind of technology during pre-
implementation stages of introduction in order to evaluate in greater detail the barriers and
resistances, prior to adopting the technology. Finally, this study confirms the relevance of
the user-centred design in developing MCAR systems, since ease of use affects usefulness

that, in its turn, determines the intention to use.

6.2 Direction for future research

Each chapter of this dissertation concludes identifying the limitations of each study and
discussing directions for further research. However, analysing the study as a whole, the main
research opportunities that have been identified for future developments of the investiga-

tions reported in the present dissertation consist in the following research directions:

- Investigation in contexts that massively adopted AR on how the interactions in the
service provision between field technicians, product specialists and the product will
change as a consequence of AR adoption. One of the main limitations of the explora-
tive case studies carried out, in fact, is that a full understanding of the redesign of
the service delivery system was not possible since companies involved either were
not using AR or were using only few devices.

- Starting from the preliminary results related to RQ2, move on to the next step and
understand through simulation models and benefit-cost analysis how much the cen-
tralization of knowledge and its consequent on demand distribution on field is bene-
ficial if compared to the traditional cascade training between the R&D centres and
direct and indirect service networks.

- Extension of this kind of study to the other patterns identified in Chapter 2 in order
to complete the validation of the typology proposed and to be able to carry on some
cross-pattern analysis.

- Validation of ARTAM depending on the sample, such as against product specialists,

technicians that use MCAR or users of AAR systems.
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Dear Mr. and Mrs.,

this document includes a suney that investigates the usefulness of Augmented reality-based
device to support industrial field senice provision.

Please:

- take a look to the short presentation about the main features of Augmented Reality
technology and the final video that is attached to the mail you received;

- answer the following questions concerning this technology and your activity as field
technician.

The questionnaire is structured into three sections. The first captured the general information
about you, such as age, gender, years of work experience, etc. The second focused on the
characteristics field senice tasks and of Augmented Reality systems. Finally, the third
section evaluates your perception about the technology.

It will take about 15 minutes to answer.

Thank you in advance for your valuable cooperation.

Privacy:

Under Law 196/2003 the information that you provide will be used only for statistical
purposes and will not be used for advertising or transmitted to third parties.

1.1 Age *
How old are you?

1.2 Gender *
[7] Male
[7] Female

1.3 Esperience *
How long (in years) have you been working in the area of field senice delivery?



1.4 Products *
Which product are you currently sening? Select one or more of the following options.

"] Sistems and senvers - System X

"] Sistems and senvers - Power System
["| Sistems and seners - System Z

[7] Sistems and servers - Multivendor
"] Storage - disk systems

"] Storage - tape systems

["] Storage - NAS

"] Networking

[ Software

] Other:

1.5 Time spent on products
Provide an estimate of the percentage of time spent on each type of product selected in 1.4.
0,
108 S 10% - 25% 25% - 50% 50% - 75% [ O7%”
Sistems and servers n . . S
- System X - = = i bl
Sistems and seners o P - 2o
- Power system - - ~ - —
Sistems and servers - . — - -
- System Z i -
Sistems and servers = - P - .
- Multivendor i = i =
Storage - disk - - o - =
systems -~ - i =
Storage - tape = - ~ —
systems i i il s

Storage - NAS ® ® @] © @
Networking © ® ® ()] ®
Software ® ® ® ® ®

Other ® ® ® ® ®

1.6 Experience on products *
How long (in years) have you been working in sening HW and SW products that you
specified?
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2 Task Characteristics

Please, if possible, answer always referring to your main activity (i.e. the one that involves the
products on which you spent most of the time).

Indicate the frequency of occurrence of the statements in the following sentences.
(1-never; 2-rarely; 3-sometimes; 4-often; 5-always)

2.1 My job requires precise procedures to be followed (i.e. a clear action plan has
been defined). *

1.2 3 4 5

NEVER @ @ © © © ALWAYS

2.2 In my job | need to handle unexpected events. *

12 3 4 56

NEVER @& & ©® © © ALWAYS

2.3 In order to complete my activities, | need to check manuals and procedures. *

12 3 4 5

2.4 In order to complete my activities, | need technical support from a colleague or a
product specialist. *

12 3 4 5

NEVER © @ @ © © ALWAYS

2.5 My job requires me to make quick decisions and work promptly. *
1 2 3 4 5




If you have not already done so, we invite you to view the presentation on Augmented Reality
technology that is attached to the email you received.

3. Technology Characteristics

Based on what you understand from the presentation of Augmented Reality technology,
select how much do you agree from 1 to 5 with the following sentences.
(1-strongly disagree; 2-moderately disagree; 3-agree; 4-moderately agree; 5-strongly agree)

3.1. The Augmented Reality system allows information exchange in real-time. *

1 2 3 4 5

STRONGLY DISAGREE @ @ @ @ © STRONGLY AGREE

3.2. Exchanging images in real-time, to help the product specialist understand the
problem, will solve issues easily and quickly. *

1 2 3 4 5

STRONGLY DISAGREE @& & @ @ & STRONGLY AGREE

3.3. Thanks to the ability to see my instructions superimposed onto the real scene, it
is easy to understand the advice of the product specialist *

1 2 3 4 5

STRONGLY DISAGREE @ @ @ @ © STRONGLY AGREE

4.1. To support my field service tasks, the functions of the Augmented Reality system
are enough. *

1 2 3 4 5

STRONGLY DISAGREE @ & © @ © STRONGLY AGREE

4.2 In general, the functions of the Augmented Reality system fully meet my support
needs. *

1 2 3 4 5

STRONGLY DISAGREE @) @ @ © (@ STRONGLY AGREE

5. Usefulness of Augmented Reality technology
Select how much do you agree from 1 to 5 with the following sentences.
(1-strongly disagree; 2-moderately disagree; 3-agree; 4-moderately agree; 5-strongly agree)

5.1. | think that the usage of the Augmented Reality system would improve my job
performance, enabling better communication with the product specialist in order to
analyse and solve the problem. *

1 2 3 4 5

STRONGLY DISAGREE @) @ @ @ © STRONGLY AGREE
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5.2. Using the Augmented Reality system would enable me to accomplish tasks more
quickly. *

1.2 3 4 5

STRONGLY DISAGREE &) ©

) STRONGLY AGREE

5.3. Using the Augmented Reality system would enhance my effectiveness in my field
service tasks. *

1.2 3 4 5

STRONGLY DISAGREE @ © © @ @ STRONGLY AGREE

5.4. | think that the Augmented Reality system would simplify my job. *
1 2 3 4 5

STRONGLY DISAGREE ()

© © STRONGLY AGREE

5.5. Overall, | think that the Augmented Reality system would be useful in my job. *
1 2 3 4 5

STRONGLY DISAGREE @& © © © @ STRONGLY AGREE

5.6 Usefulness *
For which product categories do you think Augmented Reality could be more useful?

[] Sistems and servers - System X

[] Sistems and servers - Power System
[] Sistems and seners - System Z

["] Sistems and seners - Multivendor

"] Storage - Disk systems

|| Storage - Tape systems

[ Storage - NAS

"] Networking

"] Software

[”] Other:

6. Ease of use of Augmented Reality

Select how much do you agree from 1 to 5 with the following sentences.
(1-strongly disagree; 2-moderately disagree; 3-agree; 4-moderately agree; 5-strongly agree)

6.1 LEARNING how to use the Augmented Reality system would be easy and fast for
me *

1 2 3 4 5

STRONGLY DISAGREE @ ©

) STRONGLY AGREE




6.2. | think that USING the Augmented Reality system in real settings would be easy
for me *

1.2 3 4 5

STRONGLY DISAGREE @& @ @ ) & STRONGLY AGREE

6.3. | think that using the Augmented Reality system in my job would require a lot of

mental effort. *

1.2 3 4 5

STRONGLY DISAGREE @ @ @ @ © STRONGLY AGREE

7. Facilitating Conditions

Indicate the frequency of occurrence of the statements in the following sentence.
(1-never; 2-rarely; 3-sometimes; 4-often; 5-always)

7.1. In the past, when new technologies were introduced to support my job, my or-
ganization provided all the necessary resources and knowledge to use them at their
best. *

1 2 3 4 5

NEVER @& © © © © ALWAYS

Select how much do you agree from 1 to 5 with the following sentences.
(1-strongly disagree; 2-moderately disagree; 3-agree; 4-moderately agree; 5-strongly agree)

7.2. The Augmented Reality system is NOT compatible with other systems needed to

perform my activities. *
1 2 3 4 5

STRONGLY DISAGREE @ @ @& @ & STRONGLY AGREE

7.3. If | needed help with using the MCAR system, | am confident that my
organization would arrange the resources (people and systems) to help me. *

1 2 3 4 5

STRONGLY DISAGREE @& @ @ @ & STRONGLY AGREE

8. Intention to use Augmented Reality

8.1. Assuming that the Augmented Reality system would be available in my job, |
predict that | would use it every time | needed to ask for support. *

1 2 3 4 5

STRONGLY DISAGREE @) @) @ ) ) STRONGLY AGREE

8.2. | would like the Augmented Reality system would be available in my job. *
1 2 3 4 5

STRONGLY DISAGREE @& @ @& @ © STRONGLY AGREE
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AUGMENTED REALITY

www.vrmedia.it

Author: Isabella Porcelli

isabella.porcelli@unifi.it

What is R.E.A.L? Ib’@

o Augmented Reality allows to combine the real and the virtual world,

generated by a computer, blending these two dimensions into one single
real-time visualization.

o R.E.A.L.is a mobile system of remote maintenance exploiting
Augmented Reality.

IBIS LAB — Universita degli Studi di Firenze
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What is R.E.A.L? Ib’lfs\
EE

o It allows on-site technicians to receive audio/video support from
Remote Experts consulting the information provided by these on a
wearable viewer.

o R.E.A.L.enables real-time assistance in remote training, following step
by step users in the different stages: assistance, maintenance,
troubleshooting.

IBIS LAB — Universita degli Studi di Firenze

User equipment: Ibis

Central unit based on mini PC

Helmet with Near Eye Display and video camera
Portable video camera

Two batteries

Connection cables

] ] R R

The field technician is equipped with a helmet that
supports a camera, through which he sends the
images he is seing to the remote expert, a display
to visualize the virtual instruction superimposed to
the real scene and a microphone and headset.

Important: the helmet and the kind of headset can
be substituted with more ergonomic devices (for
contexts that do not have safety issues)

IBIS LAB — Universita degli Studi di Firenze
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Remote equipment: Ib}g\

o R.E.A.L. client software used by the remote expert to communicate with
the on-site technician

o The remote expertis in front of a PC equipped with an Internet
connection and can communicate with the field technician through an ad-
hoc SW that allows the creation of symbols, pointers, and the uploading
of files useful to perform the field task

IBIS LAB — Universita degli Studi di Firenze

Video Ib’n

o And now watch the video:
o http://www.youtube.com/watch?v=5-5EHkA-6qY

IBIS LAB — Universita degli Studi di Firenze
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Appendix B

Basics of Structural
-quation Modelling

The brief introduction to Structural Equation Modelling (SEM) that follows is extracted
from Byrne (2009) and Raykov and Marcoulides (2006). Please refer to these books for fur-
ther details.

SEM is a statistical methodology that provides researchers with a comprehensive method
for the quantification and testing of substantive theories. It takes a confirmatory (i.e. hy-
pothesis-testing) approach to the analysis of a structural theory bearing on some phenome-

|II

non. Usually, this theory represents “casual” processes that generate observations on multi-
ple variables (Bentler, 1988). The term structural equation modelling comprises two im-
portant concepts related to the procedure: i) the causal processes under study are repre-
sented by a series of structural (i.e. regression) equations and ii) these structural relations
can be modelled pictorially to enable a clearer conceptualization of the theory under study.
The model can be then tested statistically in order to evaluate the fit with the data. If the
model is consistent with the data, the hypothesized relations among variables are plausible

otherwise they are rejected.

The main advantages of SEM with respect to multivariate procedure are:
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- SEM takes a confirmatory rather than exploratory approach to the data analysis. In
addition, since SEM demands that the pattern of inter-variable relations be specified
a priori, it lends itself well to the analysis for inferential purposes while multivariate
analysis are essentially descriptive by nature and so hypothesis testing is difficult.

- SEM provides explicit estimates of measurements errors variance parameters.

- Using SEM procedures both unobserved (i.e. latent) and observed variables can be
incorporated.

- SEM allows modelling multivariate relations and estimating point and/or interval in-

direct effects.

To date, numerous programs are available for conducting SEM analyses such as AMOS
(Arbuckle, 2011), EQS (Bentler, 2004), LISREL (Joreskog and Sorbom, 1993, Jéreskog and
Sérbom, 1999), Mplus (Muthén and Muthén, 2004), SAS PROC CALIS (SAS, 1989), SEPATH
(Statistica, 1998) and RAMONA (Browne and Mels, 2005). In the following the basics of SEM

will be illustrated with respect to AMQOS, since this is the program selected for this study.

1. Latent versus observed variables

In behavioural sciences, often the purpose of the research is to study theoretical con-

structs that cannot be observed directly, i.e. latent variables or factors.

- Latent variables or factors
It is an abstract phenomenon that cannot be measured directly (i.e. the “perfor-
mance expectancy” of ARTAM). For this reason it must be defined in terms of be-
haviour believed to represent it. The assessment of the behaviour (the term be-
haviour is used in a broader sense to include scores on a particular measuring in-
strument) constitutes the direct measurement of an observed variable.

- Observed or manifested variables
These are the measurement scores and they serve as indicators of the underlying
construct which they are presumed to represent (i.e. the 5 items of the ques-

tionnaires formulated to assess the “performance expectancy” construct).

In addition latent variables can be divided in exogenous and endogenous. The first ones
are independent variables; they cause fluctuations in the values of other latent variables in
the model and they are not explained by it. Their changes are influenced by other factors
external to the model (e.g. gender, age, socioeconomic status). The latter, instead, are de-

pendent variables; they are influenced by the exogenous variables in the model, either di-
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rectly or indirectly. Fluctuations in the values are explained by the model because all latent

variables that influence them are included in the model specification.

2. Types of model

- Factor analytic model

Factor analysis is the oldest and best-known statistical procedure to investigate relations
between sets of observed and latent variables. In particular, using this approach, the covaria-
tion among set of observed variables are examined in order to gather information on their

underlying latent constructs (i.e. factors). There are two types of factor analysis:
0 Exploratory factor analysis (EFA)

It is used when the links between the observed and latent variables are unknown or un-
certain. In this case, the analysis determines how and to what extent the observed variables
are linked to their underlying factors (in terms of factor loadings). Usually the purpose is to
minimize the number of factors. Since the researcher has no prior knowledge that the items

measure the intended factors, this approach is considered exploratory.
0 Confirmatory factor analysis (CFA)

It is used when the researcher has some knowledge of the underlying latent variable
structure. According to this knowledge, in fact, the researcher postulates relations between
the observed measures and the underlying factors a priori and then tests this hypothesized
structure statistically, once verified that an adequate goodness-of-fit exists between the

model and the sample data.

EFA and CFA focus only on how and the extent to which the observed variables are linked
to their underlying latent factors. Their primary interest, in fact, is to measure the strength
of the regression paths from the factors to the observed variables (the factor loadings) with-
out considering any regression structure among them. Since CFA model focuses only on the
link between factors and their measures variables, it represents the measurement model

within the framework of SEM.
- Full latent variable mode/

The full la tent variable model allows for the specification of regression structure among
the latent variables. The researcher can hypothesize the impact of one latent construct on

another in the modelling of causal direction. This model is termed “full” because comprises
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both a measurement model (CFA) and a structural model in which the latent variables are
linked among themselves. In the following we will refer to a full latent variable model that

specifies direction of cause from one direction only (i.e. a recursive model).

3. General purpose and process of statistical modelling

Typically a researcher postulates a statistical model based on his knowledge of the relat-

ed theory on empirical research in the area of the study, or on some combination of both.

Specified the model, the researcher tests its plausibility based on sample data that com-
prise all observed variables in the model. With a model-testing procedure, the purpose is to

determine the goodness-of-fit between the hypothesized model and the sample data.
Data = Model + Residual

e Data: score measurement related to the observed variables
e Model: hypothesized structure linking the observed variables to the latent variables
(or latent ones with each other)

e Residual: discrepancy between the hypothesized model and the observed data

There are three scenarios of strategic framework for testing structural equation models
(Joreskog, 1993):

1) Strictly confirmatory (SC)

The researcher postulates a single model based on theory, collects the appropriate data,
and then tests the fit of the hypothesized model to the sample data. From the results of this

test, he rejects or fails to reject the model; no further modifications of the model are made.
2) Alternative models (AM)

The researcher proposes several alternative (competing) models grounded on theory.
Following analysis of a single set of empirical data, he selects one model as most appropriate

in representing data.
3) Model generating (MG)

After rejecting a theoretically derived model on the basis of its poor fit to the sample da-
ta, the researcher proceeds in an exploratory way to modify and estimate again the model.
The ultimate purpose is to locate the source of misfit to determine a model both substan-

tively meaningful and statistically well-fitting (i.e. that better describes the sample data).
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4. The general structural equation model

Structural equation model are schematically portrayed using particular configuration of
four symbols (i.e. circles, squares, single-headed arrows and double-headed arrows). The

meaning of each symbol is depicted in Table 23.

Table 23 Commonly used symbols for SEM models in path diagrams.

Symbol Meaning

. Unobserved latent variable

Observed variable

—> Impact of one variable on another
€ > Covariance or correlation between pairs
of variables

Path coefficient for regression of an ob-
served variable onto an unobserved la-
tent variable

@ =
® @
i
~®

Path coefficient for regression of one
factor onto another factor

Measurement error associated with an
observed variable

Residual error in the prediction of an
unobserved factor

Schematic representations of models are termed path diagrams and are the graphical
equivalent of its mathematical representation whereby a set of equations relates dependent
variables to their explanatory variables. Figure 31 represents a general structural equation

model. In particular:

e errl = err5: measurement errors. They reflect the adequacy of observed variables
in measuring the related underlying factors. They can derive from two sources: ran-

dom measurement error and error uniqueness, i.e. systematic errors.
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resid1: residual term, i.e. an error in the prediction of endogenous factors from ex-
ogenous factors.

MSC—>MATH: one way arrow that represents structural regression coefficients and
thus indicates the impact of how much MSC “causes” MATH.

Factor (e.g. MSC) - observed variables (e.g. SDQMSCM APIMSC, SPPMSC): one way
arrows that suggest that these score values are each influenced by their respective
underlying factors. These paths represent the magnitude of expected change in the
observed variables for every change in the related latent variable.

Error (e.g. errl) - observed variable (e.g. SDQMSC): one way arrow that measures
the impact of the measurement error on observed variables. Residl - MATH, in-
stead, is one way arrow that measures the impact of the error in prediction of
MATH.

errl<>err2: covariance between the measurement errors.

Measurement (CFA) Model

Structura) Model

Figure 31 A general structural equation model demarcated into measurement and structural components

(Byrne, 2009).

SEM can be also represented by a series of regression equations. In particular to formu-

late these equations, it is necessary to note each variable that has one or more arrows point-

ing towards it, and then record the summation of all such influences for each of those de-

pendent variables.
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MATH = MSC + residl
SDQMSC = MSC + errl

APIMSC = MSC + err2

SPPMSC = MSC + err3



MATHGR = MATH + err4
MATHACH = MATH + err5

Neither one of these model representations (graphical or equations) tells the whole sto-
ry. Firstly, some parameters critical to the estimation of the model are not explicitly shown
and thus may not be obvious to the novice structural equation modeler. For example, there
is no indication that the variances of the exogenous variables are parameters in the model.
With this respect AMOS facilitates the specification process by automatically incorporating
the estimation of variances by default for all independent factors. Then, certain parameters
in the model are not present. For example the absence of double-headed arrow between
errd and err5 means that there is a lack of covariance between the error terms associated
with the observed variables MATHGR and MATHACH. With this respect, AMOS automatically

assumes these specifications to be non-existent.
Finally, a SEM can be decomposed in two sub models (see Figure 31):

- Measurement model (CFA model): it defines relations between the observed and
unobserved variables, i.e. it provides the link between scores on a measuring in-
strument and the underlying constructs.

- Structural model: it defines the relations among the unobserved variables, i.e. it
specifies the manner by which particular latent variables directly or indirectly in-

fluence changes in the values of certain other latent variables in the model.

5. The concept of model identification

Model identification focuses on whether or not there is a unique set of parameters con-
sistent with the data. This bears directly on the transposition of the variance-covariance ma-
trix of observed variables (data) into the structural parameters of the model under study.
The model is identified if a unique solution for the values of the structural parameters can be

found. A structural model can be:

- JUST-IDENTIFIED: there is a one-to-one correspondence between the data and the

structural parameters.
Number of data variance and covariance = number of parameters to be estimated

The number of data variance and covariance is p(p+1)/2 where p is the number of observed
variables. The number of parameters to be estimate includes first and second order meas-
urement or structural regression paths, variances (i.e. error variances and factor variances),

factor covariance and residual errors.
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Since in a just-identified model there is no degree-of-freedom, there is no interest in solving

it from a research point of view because the model cannot be rejected.

- OVER IDENTIFIED: in this case the number of parameters is lower than the number
of data variance and covariance. Therefore a positive degree of freedom that allows

for rejection of the model can be achieved, thereby rendering it of scientific use.
A SEM model needs to meet the over-identified criterion.

- UNDER IDENTIFIED: In this case the number of parameters is higher than the num-
ber of data variance and covariance. Therefore, there is not enough information
(from the input data) for the purpose of attaining a determinate solution of parame-

ter estimation. An infinite number of solutions are possible.

The specification of an over-identified model is a necessary but not sufficient condition to
solve the identification problem. The imposition of constraints on particular parameters can

sometimes be beneficial in helping the researcher to attain an over-identified model.

Linked to the identification issue is the requirement that every latent variable has its scale
determined. This constraint arises because these variables are unobserved and therefore
have not definite metric scale. For this purpose the measurement model is specified in a way
that the unmeasured latent variable is mapped onto its related observed indicator variable.
This scaling requisite is satisfied by constraining to some non-zero value (typically 1) one
factor loading parameter in each congeneric set of loadings (i.e. a set of measures where
each measure in the set purports to assess the same construct except for errors of meas-

urement).

6. Examples of models

6.1.  First-order CFA model

The model depicted in Figure 32 includes 4 self-concept factors (academic SC, social SC,
physical SC, emotional SC). Each factor is measured by three observed variables, the reliabil-

ity of which is influenced by random measurement errors. Each of these variables is re-

gressed onto its respective factor and the four factors are interconnected.
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Figure 32 Hypothesized first order CFA model.

6.2.  Second-order CFA model

In the first example 4 factors were inde-
pendent variables; however it could happen
that theory argues for some higher level fac-
tor accountable for the lower order factors. In
the example depicted in Figure 33, GSC is the
second order factor hypothesized as account-
ing for all variances and covariances related

to the first order factors.

GSC does not have its own set of meas-
urements because it is linked indirectly to
those measuring the lower order factors. The
single-headed arrows from GSC to factors are

freely estimated.

To address the identification problem,

Key parameters to be estimated in a CFA

model are:

- Regression coefficients (8 factor load-
ings)

- Factor and error variances (4 and 12
respectively)

- Factor covariance (6)

Variances associated with these specified
variables (latent and observed variables) are
freely estimated by default.

Parameters covariance, instead, are ruled
by WYSIWYG (what you see is what you get)
i.e. if a covariance path is not included in
the path diagram, it will not be estimated.
Number of parameters: 30

Numbers of variances and covariances:
(p=12 observed variables) 12x13/2=78

The model is over-identified.
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Figure 33 Hypothesized second order CFA model.
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there is the need to constraint either one regression path or the variance of an independent
factor (in this example the variance of GSC is constraint equal to 1 because the impact of

GSC on the other factors is of primary interest).

First order factors function as dependent variables so their variances and covariances are
no longer estimable parameters. Such variation is presumed to be accounted for by the
higher order. The prediction of each of the first order factors from the second order is pre-
sumed to be with error. For this reason a residual error term is associated with each lower

level factor.

Number of parameters: 28 (8 first order regression coefficients, 4 second order regression

coefficients, 12 measurement error variances, 4 residual error terms)
Numbers of variances and covariances: (p=12 observed variables) 12x13/2=78

The model is over-identified.

6.3.  Full SEM model

First order CFA comprises only the measurement component while in the second order CFA
the higher level is represented by a reduced form of structural model. The full SEM model,
instead, encompasses both measurement and structural models. In particular the model
embodies a system of variables whereby latent factors are regressed onto other factors as

dictated by theory as well as on the appropriate observed measures.

1

Figure 34 Hypothesized full structural equation model.

In the example depicted in Figure 34, SCONF derives from SSC that in turns is influenced
by SSCF and SSCS. Each factor has three indicator measures and SCONF two. Among the four
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factors, two are independent (i.e. SSCF and SSCS) but correlated and linked to other factors
by regression paths whereas the other two (i.e. SSC and SCONF) are dependent since single-

headed arrows point towards them and they have residual errors.

For the model identification issue, one path from each of two independent factors to
their indicators is constraint to 1 while their variance can be freely estimated. Variances of
SSC and SCONF are not parameters in the model. In addition, to establish the scale of each
unmeasured factor in the model (and for purpose of statistical identification), one parameter

in each set of regression path is fixed to 1.

Each observed measure has an error term, the variance of which is of interest while ob-

served measures act as dependent variables so their variance is not estimated.

Number of parameters: 26 (7 measurement regression coefficients, 3 structural regression

coefficients, 2 factor variances, 11 error variances, 2 residual error terms, 1 covariance)
Numbers of variances and covariances: (p=11 observed variables) 11x12/2=66

The model is over-identified.

7. Model fitting process and goodness-of-fit statistics

The model-fitting process determines the goodness-of-fit between the hypothesized

model and the sample data.

Let S represent the sample covariance matrix (of observed variable scores), > represent
the population covariance matrix, and 0 represent a vector that comprises the model pa-
rameters. Thus, Y (0) represents the restricted covariance matrix implied by the model (i.e.

the specified structure of the hypothesized model). In SEM:
Ho: > =>(0) i.e. the postulated model holds in the population.
Therefore, the purpose of the researcher is to not reject Ho.

In addition, during the estimation process in SEM the purpose is to yield parameter val-
ues such that the discrepancy (i.e. residual) between the sample covariance matrix S and the

population covariance matrix implied by the model }(6) is minimal.
F[S,¥(0)]: Fpin = S — X.(0) minimum

Fpin serves as a measure of the extent to which S differs from },(0).
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7.1. Goodness-of-fit statistics

The output file specifies several statistics to evaluate the goodness-of-fit: chi-
square/degree of freedom (x*/dof), minimum discrepancy (CMIN), root mean square residu-
al (RMR), goodness-of-fit index (GFl),adjusted goodness-of-fit index (AGFI), parsimony good-
ness-of-fit index (PGFI), normed fix index (NFI), comparative fit index (CFl), relative fit index
(RFI), incremental index of fit (IFl), Tucker-Lewis index (TLI), parsimony NFI (PNFI), parsimony
CFI (PCFI), root square mean error of approximation (RMSEA), Akaike’s information criterion
(AIC), consistent AIC (CAIC), Browne-Cudeck criterion (BCC), Bayes information criterion
(BIC), expected cross-validation index (ECVI), Modified ECVI (MECVI) and Hoelter’s critical N
(CN).

In the following, further details will be provided for the indices used in the study, i.e. chi-
square/degree of freedom (x*/dof), the goodness-of-fit index (GFl), root mean square error
of approximation (RMSEA) and, the comparative fit index (CFl). For the other statistics,
please refer to (Byrne, 2009).

The output file of AMOS specifies for each set of statistics:

1. The hypothesized model under test;

2. The saturated model, i.e. is the model in which the number of estimated parameters
equals the number of variances and covariances;

3. The independence model, i.e. where no correlation among variables is hypothesized and

so all the variables are independent.

These three models represent points on a continuum, with the independence model at
one extreme, the saturated model at the other extreme and the hypothesized model some-

where in between.

7.1.1. Chi-square/degree of freedom (x2/dof)

Chi-square is the statistic that represents the discrepancy between the unrestricted sam-
ple covariance matrix S, and the restricted covariance matrix > (0), and in essence, repre-
sents the Likelihood Ratio Test statistic. This statistic is equal to (N-1)F., (sample size minus
1, multiplied by the minimum fit function) and, in large samples, is distributed as a central x*
with degrees of freedom equal to %p(p+1)-t where p is the number of observed variables,

and tis the number of parameters to be estimated.

Ho: Y =>(0), i.e. specification of factor loadings, factor variances and covariances, and er-

ror variances for the model under study are valid; the x* test simultaneously tests the extent
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to which this specification is true. Since the probability value associated to X’ represents the
likelihood of obtaining a X’ that exceeds the x* when Hy is true, the higher the probability
associated with ¥, the closer the fit between the hypothesized model (under Ho) and the
specific fit (Bollen, 1989).

However, the Likelihood Ratio Test is sensitive to sample size and usually for large sam-
ples it is difficult to obtain precise parameter estimates. Thus, findings of well-fitting hypoth-
esized model, where ¥* value approximates the degree of freedom, have proven to be unre-

alistic in most SEM empirical research.

To address the ¥° limitations, researchers developed several goodness-of-fit indices
among which Chi-square/degree of freedom (x*/dof) (Wheaton et al., 1977). If x*/dof is low-

er than 2, the model fits the sample data.

7.1.2. Goodness-of-fit index (GF)

The Goodness-of-fit index (GFI) is a measure of the relative amount of variance and co-
variance in S that is jointly explained by Y. If GFl is higher than 0.9, the model fits the sample
data.

7.1.3.Comparative fit index (CFl)

The Comparative Fit Index (CFl) belongs to a group of statistics, classified as incremental
or comparative indices of fit (Hu and Bentler, 1995). These indices are based on a compari-

son of the hypothesized model against some standards.

CFl has been introduced to solve the problem of NFI to underestimate fit in small sam-
ples. CFl values ranges from O to 1 and are derived from the comparison of a hypothesized
model with the independence or null model. CFl, thus, provides a measure of complete co-
variation in the data. Although value >0.9 was originally considered representative of a well-
fitting model, a revised cut-off value close to 0.95 has recently been advised (Hu and Bentler,
1999).

7.1.4.Root mean square error of approximation (RMSEA)

Root mean square error of approximation (RMSEA) is one of the most informative criteria
in covariance structure modelling. RMSEA takes into account the error of approximation in
the population and asks the question: “How well would the model, with unknown but opti-

mally chosen parameter values, fit the population covariance matrix if it were available?”
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This discrepancy is measured by RMSEA and is expressed per degree of freedom, taking

into account the number of estimated parameters (i.e. the complexity of the model). In par-

ticular:

8.

- Value <0.05 indicates a good fit;

- Value comprises between 0.05 and 0.08 indicates a reasonable error of approxi-
mation in the population;

- Value comprises between 0.05 and 0.08 indicates a mediocre fit;

- Value > 0.1 indicates a poor fit.
The use of RMSEA is recommended for three reasons:

It is adequately sensitive to model misspecification;

Commonly used interpretative guidelines would appear to yield appropriate conclusions
regarding model quality;

It is possible to build confidence interval around RMSEA value. AMOS reports 90% confi-
dence interval around RMSEA. If RMSEA is small but confidence interval is wide, the es-
timate discrepancy is quite imprecise. If, instead, the confidence interval is narrow,
RMSEA is precise, so it reflects the model fit in the population. Confidence intervals are
influence by sample size: for example with a small sample size, and a large number of
parameters, the confidence interval is wide so, a very large sample is required to narrow
it. Otherwise if the number of parameters is small, the probability of obtaining a narrow
confidence interval is high, even for samples of rather moderate size (MacCallum et al.,
1996).

Parameter estimation

The evaluation of fit, i.e. the extent to which a hypothesized model fits or adequately de-

scribes the sample data, in addition to follow the above presented criteria of the adequacy

of the model as a whole (i.e. goodness-of-fit-statistics), can follow the criteria of adequacy of

parameters estimates too. In particular three sub criteria can be identified:

1) Feasibility of parameter estimates

Parameter estimates should exhibit the correct sign and size, and be consistent with the

underlying theory. Example of parameters exhibiting unreasonable estimates are correla-

tion>1, negative variances, and covariances or correlation matrices that are not positive def-

inite.
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2) Appropriateness of standard errors

Standard errors reflect the precision with which a parameter has been estimated, with
small value suggesting accurate estimation. Thus, another indicator of poor model fit is the

presence of standard errors that are excessively large or small.

3) Statistical significance of parameter estimates

The test statistic here is the critical ratio (CR), which represents the parameter estimate
divided by its standard error. The test verifies if the estimates are statistically different from

zero. The purpose is to reject the null hypothesis.

Non-significant parameters can be indicative of a sample size that is too small; anyway,

usually they are considered unimportant and deleted from the model.

9. Model misspecification

If an inadequate goodness-of-fit is achieved, the next step is to detect the source of mis-
fit. Two types of information can be helpful in detecting the model misspecification: the

standard residuals and the modification indices.
9.1.  Residuals

If >(0)#S, the discrepancy Y(6)-S is captured by the residual covariance matrix. Only their

magnitude is of interest in alerting the researcher to possible area of model misfit.

Both standardized and unstandardized residuals are presented in AMOS output but only
the standardized ones are usually examined.
fitted residuals

asimptotically std errors
(large sample)

Std.residuals =

They represent estimates of the number of standard deviations the observed residuals
are from the zero residuals that would exist if model fit were perfect (i.e. >'(0)-S=0). Usually

values higher than 2,58 are considered to be large (Joreskog and Sérbom, 1993).

9.2, Modification indices

This information reflects the extent to which the hypothesized model is appropriately de-
scribed. Evidence of misfit in this regard is captured by the modification indices (Mls), which

can be conceptualized as a y° statistic with 1 dof (Joreskog and Sérbom, 1993).
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Associated with Ml is an Expected Parameter Change (EPC) value that represents the
predicted estimated change, in either a positive or negative direction, for each fixed parame-
ter in the model and it yields important information regarding the sensitivity of the evalua-

tion of fit to any subsequent parameterization of the model.

If the researcher decides to specify and estimate again the model, analyses become
framed within an exploratory rather than a confirmatory mode. Ultimate decision must con-

sider:

1) Whether the estimation of the targeted parameter is substantially meaningful;

2) Whether the existing model exhibits an adequate fit;

3) Whether or not the re-specified model would lead to an over-fitted model. Over-
fitting model involves the specification of additional parameters in the model after
having determined a criterion that reflects a minimally adequate fit.

For example over-fitted model can result from the inclusion of additional parame-
ters that:

a. represent weak effects and are not likely replicable;

b. lead to a significant inflation of standard errors;

c. influence primary parameters in the model, but their own substantive

meaningfulness is somewhat equivocal (Wheaton, 1987).
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