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Abstract

Augmented Reality (AR) is one of the technologies of Industry 4.0 that can contribute significantly to smart
manufacturing processes by increasing performance efficiency. AR started its development path last cen-
tury and has already been integrated into the manufacturing industry. Yet there are still a lot of challenges
that prevent it from being massively used. To understand how this technology should be enhanced further
to achieve a successful future, it is important to gain a comprehensive overview of this advanced technol-
ogy to define its strengths and weaknesses, and what issues should be addressed. Concerning the above-
mentioned issue, it was decided to screen possible pathways of how AR can contribute to the manufactur-
ing processes in the future. To achieve this goal the current state of the technology was examined, as well
as its challenges and future perspectives from the point of view of the current AR and manufacturing ex-
perts in comparison to the future talents were discovered.

As for the implementation methodology, the triangulation method was applied. Thus, both quantitative
and qualitative data were collected and analyzed. Interviews with 6 experts in the sphere of AR and/or
manufacturing were conducted. Moreover, a survey with 86 students was run.

The information gained from the analysis of primary and secondary data allowed us to review and realize
the current condition of AR development and exploitation. It was revealed that the extent of AR device uti-
lization is lower than expected, and it still stays at the piloting stage. It is due to the existence of a consider-
able number of problems on the technical and organizational sides. Addressing these issues would boost AR
deployment considerably. In general, it is believed by current experts that in 3-10 years most of the difficul-
ties will be solved and it would be possible to apply Augmented Reality systems in manufacturing processes
with maximum efficiency, however, future talents are still doubtful about the further development of the
technology.

Keywords/tags
Augmented reality, smart manufacturing, industry 4.0

Miscellaneous



Contents

List Of @bDreVIatioNS ...c...eieieieee e 4
I 11 o T 11T 4o T 5
1.1 Generalimportance and MOotivation..........cccuviiiiiiii i 6
1.2 Research objectives and QUESTIONS ......cccii it e e e e e e e 7
1.3 TRESIS SEIUCTUIE .ttt ettt st e et e e et e e e b e e sabee e saneeesans 7
2 Literature REVIEW .....cccciiiiiiiuiiiiiiiiiiiiiiiiiiineeiintnseiisssesasissssesessstesssssseessssssssensssssnens 8
2.1 Industry 4.0 and Smart Manufacturing.......ccceeeeciiee e e 9
2.2 Development path Of AR ... s e 11
2.3 Development path Of AR ... e e e e e e 12
2.4 Definitions and conCepts Of AR ......cooiiiiie i 14
2.5  KeY AR COMPONENTS covuuieiiiiiiiiiiiiiie e ecetteiiiie s e e e e e e etataise s s s e e eeetarsbaassseeessesssssnnsssessesenessnns 15
2.6 Key state-of-the-art AR applications in manufacturing .......cccccceeeeeeeivciiiieeeee e, 18
2.6.1  Training of inexperieNced WOIKEIS .......ccccuviiiiiee e 19
2.6.2 Logistics and order PIiCKING ....ceeeeieeieiiciieieee e e e e e ee e e e 20
2.6.3 Guidance for expertise workers in assembly, maintenance and repair................ 20
2.6.4  Quality Control and INSPECLION......ceeeeiie e e e 24
2.7 Challenges of IAR deployment in smart manufacturing ........ccccceveveeeerciieeececiiee e 25
2.7.1  Technical ChallENGES ...uueeeiii it e e e eeas 26
2.7.2 Organizational ChallENgES.........uuvvveiiiii e e e 29
2.8 Future perspectives of IAR in manufacturing ........ccccceee e, 30
2.8.1 Future directions of improvement ..........ccoovi oo 31
2.8.2 Development trend: a combination of AR and DT .......ccovviicinrieeieeeeeiccinreeeeeeeee, 33
2.9 Synthesis of the theoretical framework........ccooccviiveeeiii i, 34
3  Methodology and Implementation ........c.ccccceveeieieeneiieeeetennereeneerenerensserenscerensessnscsenns 35
I R (=TT T ol o o =TT o TSR 35
Y- 1 o] o] [T RSO PTURRRRP 37
3.3 Data collection and implementation ........ccccccoeeiiiieeeiiie e e 38
331 NY=Tole g Lo =T AV o F- | - N 39
33.2 Primary data ......oueeeeieei e e e e e e raaaaeeas 40
333 Research implementation ... 50
3.4 Data analysis and interpretation.......ccceeeeee e e e e 51

3.5 Plan for the research quality and thiCs ........cocovviveiiiiiiiiiiicee e, 52



4  Results from the Collected Data......ccceeceeeiruireeenireireireeeeecteiesseeceessssssssssssassassssssssensses 53

4.1 Interview analysis and fiNdiNGS .......coovruiiiiiiiiiii e 53
4.2 Survey analysis and fINdINGS.......ccueiiieiiiie e e 61
4.3 Analysis of the author’'s 0bServation ... 74
5  Discussion and CONCIUSIONS.........cceiiiiiiiemmuiiiiiiiiininie s ssaaaassssens 75
5.1 ANSWering research QUESLIONS .......ciiiruiiieiiiiiiee ettt e et e e e srae e e e sareee e e naneees 75
5.2 Theoretical and practical implications ........ccooveciiiiieeii e 79
5.3 Assessment of research process and results quality .......ccccoevveeiiiiiiiee e, 80
5.4 Research lIMitations.......cooiuiiiiiiiiie et e 82
5.5 Implications for further research ..........cceeee i 83
(321 =T =T o o 85
J3Y o] e 1T e [ of T3y RN: 20
Appendix 1. Interview Sample QUESTIONS .........euviiiiieeiieicciiieeeee e e e e e e e screrrer e e e e e e e eeanes 90
APPENIX 2. SUMVEY ... e eiieeeee ettt e e e e e e e e e e e e e s e st teeeeeaeesesnstaeeeeeaeseeaasssssaneeeeessannnnes 91
Figures
Figure 1. Literature review OVEIVIEW ..., 9
Figure 2. Smart manufacturing and related to it areas (Mittel et al., 2017, pp. 1352-1353).....10
Figure 3. History of AR developmeENnt... ...ttt e 11
Figure 4. History of IAR deVvelopmeNnt... ...t 13
Figure 5. Simplified representation of AR WOIK.........coocoiiriiieiiiiiiiiceee e 16

Figure 6. IAR application in different industrial segments (De Souza Cardoso et al., 2020, p. 8)18

Figure 7. Augmented reality view of technician working on machinery (Winick, 2018)............ 22
Figure 8. Challenges of IAR deployment in smart manufacturing.......cccccceeeveevivveeeeeeeeeecccnnnneen. 26
Figure 9. Research onion (Saunders et al., 2012) .....ccoocoiiriieeiieeieieeeeeee e 35
Figure 10. Triangulation model for reSEarch ... e 37
Figure 11. The formula of total response rate (Saunders et al., 2012) ......c.cceeevvreeeiiieeeecnneennn. 38
Figure 12. Secondary data sources (modified from Saunders et al., 2012).....ccccceveeeeeevercnnrnnnenn. 39
Figure 13. Process of interview design and data collection ..........cccooveeveiiiiicciiieeee e, 41
Figure 14. Process of questionnaire design and data collection .........ccccceeeveciiiiiieee e, 45
Figure 15. Author's experience with Vizux and HOIOLENS.........ccoovvciivieeiieeeeiicireeeee e, 49
Figure 16. Research implementation.......cccoccvurieeiee e e arree e e e e e e e nnraaeeees 51
Figure 17. SUrvey: AR @WarENeSS ...cccccv i i, 62

Figure 18. Histogram: students' readiness to Work with AR .........cccovveeieeiiiiiciiirieeeee e, 67


file:///D:/Thesis/Thesis_Bronitsyna%20Elizaveta.docx%23_Toc114336145

Figure 19. Survey: benefits of AR to manufacturing ProCesses......ccovveeveeeeeiiciirvereeeeeeieeinrneeenn. 69
Figure 20. Histogram: trust in AR development in manufacturing........cccccceeevviveeeiniiieeecnineennn, 70

Figure 21. Survey: Challenges preventing integration of AR into the manufcaturing industry .72

Figure 22. RQ 1: AR application in manufacturing proCesses.......ccccvveeeervieeeeriiieeeescieeeeecveeenn 76
Tables

Table 1. MOON method time savings (Servan et al., 2012, p. 639) ...cccovciveeeeiiieee e, 21
Table 2. Interview qUEeSTIONS SEFUCTUIE ....ciivcuiiie it e e 43
Table 3. Survey qUESTIONS STFUCTUIE ....ciiii it e e e e e s e e e e e e e e e nereneeas 47
Table 4. Interviews: manufacturing processes gaining maximum benefit from AR................... 53
Table 5. Interviews: extent of AR applications NOWAdays .......c.ceeveciieeiiiiiiee e 55
Table 6. Interviews: current challenges of AR and needed changes.......ccccccevevveeeieciiee e, 56
Table 7. Future perspectives Of AR ......cooi it e e e e e e s re e e e e e e e s e nerene s 59
Table 8. Gender*Awareness crosstabulation ...........ccccoviiiiiiiini e 63
Table 9. Chi-SQUAE TEST ..uueiiiii ettt e e e s e e s et e e e s sbae e e e ssabeeeessssaeeeensseeaeas 64
Table 10. Awareness*University crosstabulation..........c.ccoeeciiiiiiiiie e 65
Table 11. Statistical data on students' readiness to work with AR...........ccoociiiiiiiniiiiniieeneen. 68
Table 12. Survey: crucial features of the AR headset in different tasks.........ccovvveveeeeeeiecicnnnnnen. 68

Table 13. Statistical data on students' trust in the successful development of AR in the
MANUTACEUNING INAUSEIY...iieiiei e s e e e e e e e e e e e s s et aeeeeeeeeeeennnraenens 71



List of abbreviations

AR = Augmented Reality

Al = Artificial Intelligence

loT = Internet of Things

VR = Virtual Reality

IAR = Industrial Augmented Reality

CPPS = Cyber-Physical Production Systems
MR = Mixed Reality

RV continuum = Reality-Virtuality Continuum
CAD = Computer-Aided Design

CCD = Charge-Coupled Device

HMD = Head-Mounted Display

HHD = Handheld Device

FOV = Field of View

HSE — Health, Safety and Environment
HMI = Human Machine Interface

HCl = Human-Computer Interface

HRC = Human-Robot Collaboration

DT = Digital Twin

XR = Extended Reality



1 Introduction

The emergence and development of technologies have become an integral part of people’s lives.
The world has faced four industrial revolutions. There have been an big number of new technolo-
gies opened to the world and new possibilities alongside. The fourth industrial revolution, which is
taking place now, has already brought a lot of beneficial advances and continues to produce new

solutions to this day. Both everyday life of people and business world gain advantages from it.

All the technological advancements have caused positive changes in the field of industrial develop-
ment. The concepts of Industry 4.0 and Smart Manufacturing appeared. Businesses started to
think about how it is possible to enhance the process of product production with the help of new

technologies, and by doing so, get a competitive advantage and higher profit.

However, a lot of companies are still oblivious to the big number of opportunities that cutting-
edge technologies can provide. Such a situation applies to the technology of Augmented Reality
(AR). Smart manufacturing is predominantly associated with such technologies as Al, loT, Cloud
computing, Cognitive computing, or VR, and AR is most of the time left aside. By ignoring this tech-
nology, companies miss the chance to make a profitable long-term investment that can improve
manufacturing processes, and therefore lead to savings of time, money, and resources. However,
there are still a lot of challenges that prevent AR technology to integrate into the manufacturing
processes. The AR systems themselves are technically and ergonomically still not perfect and re-
quire a lot of enhancements. Moreover, the implementation of AR requires short-term changes at
different organizational levels, and most of the companies are not ready to make them and alter
their traditional ways of working. Lack of success stories and examples of the technology applica-

tion and its benefits is another reason that stops them from investment.

Therefore, in order to facilitate the integration of Augmented Reality devices into the manufactur-
ing industry for it to gain its advantages, there is a need of examining and reporting the current
state of the technology development, including use cases and existing problems that should be
started to be solved. Afterward, future perspectives should be realized so that the understanding

of development directions and possibilities is considered.



1.1 General importance and motivation

Investment in emerging technologies and their adoption in enterprises grows considerably. A no-
ticeable AR development and its penetration into the market can be seen in the last few years. The
rise of this technology promises a lot of new opportunities for many industries. According to Gart-
ner’s (2021) Emerging Technologies and Trends Impact Radar, AR Cloud is going to be massively
used in 6-8 years and will be one of the main drivers of the business world (5 Impactful Emerging
Technologies for 2022). Companies should invest their time and money into examining the oppor-
tunities of AR and integrating it into their processes already now to be prepared for the future and

get ahead of their competitors.

Another reason that makes consideration and examination of AR application in manufacturing cru-
cial is that there is a lack of knowledge among companies about the benefits that the technology
can bring to them and a lack of real-life successful examples of this technology being applied.
Hence, there is a gap between theoretical knowledge and practical applications. At the current
moment, there are mostly pilot projects of AR usage in manufacturing and only a few examples of
its deployment and utilization inside of the companies. There is an urgent need for demonstrating
benefits of AR by connecting the accumulated knowledge base of the IT world with the companies’
one, revealing the main issues preventing AR from fast and successful integration, solving them,

and understanding possible future ways of technology development and its contribution to manu-

facturing.

All the above-mentioned big-scale aspects regarding the importance of the study of the current
topic aroused the author’s motivation to research the field of AR in manufacturing more deeply.
However, there was also a personal interest in examining this theme: having work experience at
the car manufacturing factory and being a witness to its processes, raised concerns and thoughts
about how they can be improved. Later the author found out about the existence of this technol-
ogy and its usage in manufacturing and was interested to know how it can change and facilitate
conventional processes. Thus, there is a strong motivation to get more understanding of AR, its

challenges, and future development.



1.2 Research objectives and questions

AR cross-sectional integration is forecasted to boom in the next years (Perkins Coie LLP et al.,
2020, p. 3). Therefore, there is a crucial need of tracking the current development of AR technol-
ogy and the future possibilities that it can provide for manufacturing companies. That is why the

objective of this research is:

» to screen potential pathways of how IAR can contribute to smart manufacturing in the future from
its current state as practiced by manufacturing firms.

In order to fulfill this objective, it is crucial to raise and answer particular research questions which

can lead to a logical conclusion. There are three main research questions to be answered:

1. How is AR currently used in processes of smart manufacturing?

What are the current challenges that hinder the adoption of AR in smart manufacturing?

3. What are the future perspectives of AR development in the manufacturing industry as seen by cur-
rent Al and manufacturing experts in comparison to the future talents?

N

1.3 Thesis structure

Thesis should follow a logical structure so that the information presented was easy to perceive
and understand. This research starts with a dictionary of abbreviations for a reader to gain realiza-
tion of what the author talks about and to always have a possibility to come back and check the
meaning if one forgot. Afterward, there is an introduction that makes a reader familiar with the
topic and stresses its relevance. It also covers the research objective and questions that are to be
answered in the further parts. Then a critical analysis of the literature review follows. Already ex-
isting knowledge base is presented there. In this chapter, one can learn the history of AR, its main
components and processes, state-of-the-art use cases, challenges of the technology integration as
well as future perspectives. Thereafter, methodology and implementation chapter is revealed. It
represents the most significant information for the research process for the author to comply with
and follow and for the reader to realize how the research was run. The chapter includes research
design, sample, the ways and methods of data collection and interpretation, and the plan for the
guality and ethics of research. Chapter 4 is devoted to the examination of collected primary data

(interviews, survey, and personal observation) and drawn conclusions from it. Finally, discussions



and conclusions take place. In this chapter the research questions are answered. Moreover, theo-
retical and practical implications of the work are provided, and its process and results quality are
evaluated. Lastly, limitations of the current research and its possible future implications are ex-

posed.

2 Literature Review

A literature review can be defined as a comprehensive summary and critical analysis of works that
have been already written. It not only helps to gain knowledge about the topic but also to reveal
possibilities for one’s research and refine its questions and objectives (Saunders et al., 2012). Fig-
ure 1 below demonstrates graphically a structure of the literature review of the current work. The
knowledge base is represented in a logical order and covers firstly wider topics and then narrows
down to more specific subjects. The first subchapter focuses on the definition of Industry 4.0 and
Smart Manufacturing in general to understand the ‘environment’, to which research is applied.
The next two chapters are concentrated on AR and IAR, their history and comprehension of way of
their functioning. Section 2.4 refers to relevant real-life examples of AR practical applications in
different areas of smart manufacturing. Afterward, we cover the main challenges and future per-
spectives of IAR development in the next two subchapters. Finally, all theoretical base is summa-

rized in the last subchapter.
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Figure 1. Literature review overview

2.1 Industry 4.0 and Smart Manufacturing

The world has overcome three industrial revolutions, each of which has brought new advance-
ments, challenges, and opportunities. The fourth industrial revolution, which has also another
name ‘Industry 4.0°, had its roots in the program, which was initiated by German authorities with
educational institutions and private companies and aimed at enhancing German industry with the
help of advanced systems of production (Frank et al., 2019, pp. 3-4). The focus of Industry 4.0 is to

provide the connection between the two worlds: a physical and a digital one. The provision of
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such a connection is regarded as a cyber-physical production system (CPPS). With its help, manu-
facturing can become more intelligent, flexible, efficient, and consequently profitable (Egger,

2019, p. 3).

Although smart manufacturing lies at the core of the fourth industrial revolution, it was framed
earlier. Manufacturing processes have been evolving, new technologies have been appearing, and
hence the definitions of advanced manufacturing systems have been also changing with time, but
the concept behind them has always remained similar. For example, the National Institute of
Standards and Technology (NIST) (2022, description) defines smart manufacturing as ‘a fully inte-
grated, collaborative manufacturing system that responds in real time to meet changing demands

and conditions in the factory, in the supply network, and in customer needs.’

It is possible to gain some insight into smart manufacturing with the help of a graphical represen-
tation provided below (see Figure 2). It reveals some characteristics and technologies related to
this concept, encompassing the results of the work of Mittal et al. (2017), which focuses on the
collection and structurization of concepts and advancements closely connected with smart manu-

facturing (pp. 1352-1353).

SmartProducts / IT based production 3-D Printing /Additive
Parts / Materials management Manufacturing
Data Shari . o .
2 Compositionality
Systems i
Data \ y f Context
Analytics ™ b / ) Awareness
-
g Innovative Education
Heterogeneity 2
S ? Smart : and Training
Manufacturing |
Energy Saving : b ;
v Effici \ Modularity
/ Energy Efficiency N \ oquarey
Law and ’ N Visual
Regulations § \ L \ Technology

Intelligent

Interoperability Control

10T / ToS Cyber Security Choml. CPS/ CPPS
s e Manufacturing

Figure 2. Smart manufacturing and related to it areas (Mittel et al., 2017, pp. 1352-1353)
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Therefore, smart manufacturing can be considered as a transformation of factories’ functioning
and its shift to a new advanced level. This transformation might bring new opportunities and ad-
vantages to factories. However, its implementation is still in progress and faces various difficulties.
A considerable number of technology-related processes namely digitalization, automation, and vir-

tualization should take place to enable it (Kusiak, 2017, pp. 514-516).

2.2 Development path of AR

This section provides a brief description of AR history. A visual step-by-step progress of AR devel-

opment, emphasizing its most important events, is presented below (see Figure 3).

kit First uselglgghe term ek
First HMD 'Sword of A : First formalized
AR' at Boeing

Company

Democles' definition of 'AR'

2013
MARTA at
Volkswagen

2015
Microsoft HoloLens

Figure 3. History of AR development

The history of AR started in the 1960s (De Pace et al., 2018, p. 1). As can be seen in the figure
above, a professor at Harvard University Ivan Sutherland created the first head-mounted display
(HMD) in 1968. This event is considered as the first appearance of AR. Its core technological devel-
opments are still used in the current AR and VR devices. Afterward, in 1990 Caudell and David Miz-
ell developed the first HMD for cable assembly purposes at Boeing. The technology was able to
demonstrate its benefits by saving the company’s resources considerably (Slinger et al., 2019,

p. 121). As noted by De Pace (2018), the concept of AR was officially formalized by Milgram and
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Kishino in 1994 and was defined as ‘the relationship among real space, virtual space and all the in-
termediate forms of mixed space’ (p. 1). Moreover, the author stresses that in 1999 ARToolKit was
launched by Hirokazu Katu, which was the first case when AR was released as an open-source soft-
ware library. Siinger et al. (2019) describes one of the next important contributions of AR to the
manufacturing industry which occurred in 2013 when Volkswagen presented its Mobile Aug-
mented Reality Technical Assistance aka MARTA. The system helped workers with soft- and hard-
ware components during the production process of automobiles. Besides, the author states the
most recent step in AR history that pushed the development of this technology. It was the launch
of Microsoft HoloLens in 2015. They could be regarded as MR smart glasses which were fully sup-

ported by Windows 10. They were even used by NASA for interactive tours (pp. 121-122).

Since then, enhancement and application of AR among all spheres have taken place significantly.
Yet, this thesis focuses predominantly on the application of industrial AR, which development path

is reviewed in the next subchapter.

2.3 Development path of IAR

Fite-Georgel (2011) affirms a simple and broad definition of Industrial Augmented Reality (IAR). It
states that IAR means ‘applying Augmented Reality to support an industrial process’ (p. 2). As has
been already mentioned in the last subchapter, the concept of AR application in the industry ap-
peared when Caudell and Mizell integrated it into Boeing manufacturing processes. Although
some common grounds can be found in the history of AR and IAR development since the existence
of the latter one would not be possible without the invention of the former one, it is still crucial to

mention some milestones of IAR development.
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1990
Application at
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Late 1990s
ARVIKA project
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Google Glasses

Figure 4. History of IAR development

Fite-Georgel (2011) places emphasis on the valuable initial project which contributed to the IAR
progress called ARVIKA. It was founded and funded by BMBF (German Federal Ministry of Educa-
tion and Research) and aimed at exploring opportunities for AR in an industrial environment (p. 2).
Even though the results of the project appeared to be not as promising as had been expected, it
pushed the development of IAR by demonstrating its fields of application, future possibilities, and
areas for improvement. In addition, it initiated a few other European research projects such as
ARTESAS (Advanced Augmented Reality Technologies for Industrial Service Applications), focused
mainly on AR employment in aerospace and automotive industries (Fraga-Lamas et al., 2018, p. 2),
and START (Service and Training through Augmented Reality), aimed at triggering R&D in IAR
sphere (Navab, 2004, p.16).

Fite-Georgel et al. (2011) assures that Nassir Navab made a crucial contribution to IAR history by
providing reports and analyses on IAR work at Siemens and advice on its future integration into
the industry (p. 2). For instance, in his work ‘Developing Killer Apps for Industrial Augmented Real-
ity’, Navab (2004) described the application of AR in some industrial procedures and emphasized
the importance of technology’s reliability, user-friendliness, and scalability beyond simple proto-

types (pp. 16-20).
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Overall, in all of the cases reviewed in this section, the IAR systems were mostly created for experi-
mental purposes, and only in the last decade, there was a move to scalable meaningful commer-
cial offers such as Google Glasses in 2013 that drew people’s attention significantly and introduced

IAR to a broader public from the beneficial side (Fraga-Lamas et al., 2018, p. 2).

2.4 Definitions and concepts of AR

Before providing an overview of the main AR components, it is firstly important to clarify what
Augmented Reality means. It can be stated that with time people have started to understand AR

technology more profoundly and were able to define it more precisely.

One of the first researchers in this field was Ronald T. Azuma. In his paper ‘A Survey of Augmented
Reality’ (1997) the author identified the concept of AR and attempted to describe its distinctive
characteristics and the fields of its possible application. According to Azuma (1997), AR is a tech-
nology that ‘allows the user to see the real world, with virtual objects superimposed upon or com-
posited with the real world’ (p. 356). He also determined three main features that all AR systems

should have:

e Combination of real and virtual
e Interaction in real time
e Registration in 3D.

One of the modern definitions of AR claims that it is ‘a hardware-software system able to overlay
virtual images or objects on the real world visual, to give to the observer information that he could
not obtain by using only the interaction of his/her physical senses with the workplace’ (Dalle
Mura, 2021, p. 4). It can be seen that the main idea of the definition remained the same, but it be-
came wider and more exact in terms of providing specifications and explanations of what AR is

and what its purpose is.

Another important thing to be mentioned is the ‘Reality-Virtuality continuum’ (RV continuum) and
AR location in it. The concept was formed by Milgram P. and Kishino F. in their work ‘A taxonomy

of mixed reality visual displays’ in 1994.
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In terms of RV continuum, there are two extremes: a fully real environment (on the left) and a
fully virtual environment (on the right). Everything that is situated between these two environ-
ments combines elements of both realities. As long as the real environment prevails and virtual
objects are added to it, it is augmented reality. On the contrary, when it is mostly virtuality with
some objects brought there from a real world, it becomes augmented virtuality. Although there
are examples of both these realities nowadays, it is still complicated to define a distinct difference

between these two definitions (Egger et al., 2019, p. 5).

Therefore, considering different definitions and concepts, it can be generally claimed that with

time the concept of AR has changed, and its explanation also has not stayed the same. Neverthe-
less, in view of everything that has been mentioned so far, one may suppose that AR has been al-
ways connected with the augmentation of the real environment that a person interacts with and

the support and guidance of one’s actions in it.

2.5 Key AR components

The last thing to be mentioned before going deeper into the essence of the paper is AR compo-
nents. There is a simplified scheme and explanation of the process of how AR devices work and
with the help of which components (see Figure 5). This paper does not analyze thoroughly the
technical side of the technology work since it is mainly focused on the implementation and inte-
gration of AR into the industry. However, some key concepts should be mentioned and explained

in order to provide a better understanding of the further review.
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Figure 5. Simplified representation of AR work

Qui et al. (2019) brings attention to the first device that AR uses: a camera to see and capture
things that are happening around. The most well-known types of cameras are charge-coupled de-
vices (CCD), providing live video stream; stereo, including two or more lenses and capturing three-

dimensional images; and depth sensors, enabling to see depth of the objects.

The next step is to analyze an acquired image and process data from the camera with the help of
AR software and internal sensors. This stage is needed for the technology to understand the gen-

eral placement of the camera in a real world related to both a worker and objects.

Afterward, there is a necessity for the tracking process to come into action. It enables the detec-
tion of the position of a future AR object with the help of real-time sensors. There are different

types of tracking, however, in this work only two of them are mentioned since they comprise the
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basics of AR functioning. Firstly, it can be marker-based tracking, which allows to position an ob-
ject in the right place with the help of markers put in the working environment. The second option
is marker-less tracking which does not require any markers for work. It scans the surrounding envi-

ronment and, based on certain features, helps to place the object correctly (p. 600).

The stage of interaction handling covers a very important for the current theme aspect which is
called HCI or human-computer interface. It enables interaction between a human-being and a
computer with the help of, for example, voice recognition, gesture recognition or biometric sens-
ing and is normally integrated into different physical input and output devices such as, for in-
stance, microphones, gloves, or glasses. With its help, one can avoid occlusion and combine ob-

jects from the virtual and real world (Tao et al., 2019, pp. 109-112).

The next process is the generation of the virtual image which will be later laid over the reality. It is
implemented with the help of CAD (computer-aided design) which allows to create 3D models

(Dalle Mura et al., 2021, p. 4).

After the virtual image is created, it should be overlaid over the real environment. However, be-
fore being sent to the display, it overcomes the process of rendering. As defined by Qui et al.

(2019), rendering ‘is a process used to add parameters to the assembly model in the AR environ-
ment and output them in the form of video...” (p. 601). Simply saying, the produced image has to

be changed to an appropriate perspective so that the user gets a good picture of the AR object.

Last but not least, the image is demonstrated in the display. In this paper, only two basic types of
displays are mentioned. HMD (head-mounted display) allows a user to have free hands because it
is worn on the head, and it provides an immersive visualization. One of the most well-known
HMDs are Google Glasses and Microsoft HoloLens. As for HHD (handheld device), they limit the
freedom of workers’ actions since they should be held with hands. Moreover, they cannot give the

same feeling of immersion as the previously mentioned display (Dalle Mura et al., 2021, p. 6).

Therefore, in this section, we considered and described the most relevant components and stages

of AR functioning. Although in reality the whole process includes more nuances and complications,
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the current level of knowledge and explanations is sufficient for further understanding of the pa-

per.

2.6 Key state-of-the-art AR applications in manufacturing

This chapter can be considered the central part of the literature review since real-life usage of AR
technologies in the last few years and at present will be discussed here. Current work does not
cover all possible AR applications in smart manufacturing, it mentions the most outstanding and

highlighted ones.

De Souza Cardoso et al. did a comprehensive summary of IAR applications in different industrial

segments with the help of a diagram provided below.

Operational setup I T |
Process simulation 1]
Picking 1]
Ergonomics and safety [
Robot programming and operations "]
Process monitoring ECTT 70 ]
Quality inspection I
Training T T
Maintenance I [ 1l
Manual assembly I I [ [T ]
0 5 10 15 20 25 30
Number of AR applications
W Automotive O Mechanical O Electronics / Automation
@ Aerospace O AEC/FM O Energy
B Marine O Government O Logistics

Figure 6. IAR application in different industrial segments (De Souza Cardoso et al., 2020, p. 8)

This graph allows us to conclude that, firstly, AR is already used or at least has started to adapt in
some industrial processes, and secondly, it is not utilized equally in different tasks and industrial
segments. For example, it can be seen that manual assembly in automotive or mechanical indus-
tries comprises the most considerable part of IAR utilization, whereas it is not so common that

picking tasks are supported by this technology and it mostly occurs in automotive and electronics
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spheres. Despite these differences, it can be said that in general nowadays the level of AR usage in

industries is higher than one could have assumed.

Further subsections will scrutinize and provide examples of IAR application in some of the above-
mentioned processes of manufacturing. The order of application areas is not based on their im-

portance, but on their logical sequence during the manufacturing process.

2.6.1 Training of inexperienced workers

The first thing to be settled when a new worker comes to any industrial enterprise is to teach this
worker how to implement one’s job. A conventional way of training is a transfer of knowledge
from the expert to the novice. However, it is very time- and cost-consuming. That is why some

companies started to apply integrated AR assistance for training new inexperienced workers.

Dalle Mura et al. (2021) explains that the usage of AR in workers’ training is distinguished by the
content of the instructions. It is implied that new workers should learn everything from scratch,
therefore, they are provided with an explanation of each object (instrument, detail, etc.), action,
and safety rules of its implementation. These instructions are shown in glasses and overlaid in a

real working environment (pp. 14-15).

One of the global companies that use AR in its training processes is BMW. HololLens is employed in
their AR training. The novice can complete training with real-life and augmented objects, get de-
tailed text, video, and image instructions, be guided throughout the whole process by the device,
and see the results and feedback at the end. It saves time for other expert workers since they do
not have to teach new ones. Moreover, it led to cost savings due to eliminating the need of using

trainers’ time (Capgemini, 2019, 0:08-4:13).

Another example highlighting the usefulness of AR in training in terms of security reasons is pre-
sented by Fite-Georgel (2011). The author reveals how AR simulator helps to train new welders.
He mentions its advantages such as safety (which is crucial since the job of welder is very danger-
ous and training in a real-working environment can be hazardous), the effectiveness of teaching,

its availability, and constant presence of instructions and feedback (p. 5).
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2.6.2 Logistics and order picking

Before starting assembly there is a need to put logistics into action to find needed details in the
warehouse. Traditionally, it is required from logistics workers to resort to paper-based picking lists
or information about the parts on the PC/tablet. AR technology allows workers to get access to all
necessary information on the display of glasses, for instance, they can see the location of the de-
tail, its number, and the shortest route to it. Moreover, AR glasses are able to work as barcode
reader that lights up green when the right product is found. Augmented Reality application in or-
der-picking enables reducing picking up time and errors connected with it which are often a cause

for the delays on the production line (Dalle Mura et al., 2021, p. 12; Fite-Georgel, 2011, p. 4).

One of the companies that integrated UbiMax smart glasses into picking up operations is
Volkswagen (VW) at its headquarters in Wolfsburg, Germany. The method and technology de-
scribed in the previous abstract are applied in their in-plant logistics tasks. In 2015 VW carried out
3 months pilot project to test the efficiency of AR glasses. It turned out to be a success, and this
technology started to be gradually integrated into the factory logistics on a voluntary basis. Mario
Kuznack Bodner, a member of Works Council emphasized the importance of this project since the
real value of the device could have been estimated only in practice. Moreover, he stressed that by
introducing AR early enough the company was able to gain the benefit from receiving feedback
from workers and hence improving glasses for further use in terms of HSE (health, safety, and en-

vironment) (Williams, 2015).

2.6.3 Guidance for expertise workers in assembly, maintenance and repair

In this work guidance for assembly tasks, maintenance and repair are gathered and described in
one section because the core concept and the way of AR functioning in terms of providing support
to experienced workers in these three areas remain approximately the same. The main purpose of
AR in these tasks is to reduce time and consequently costs spent on the above-mentioned opera-

tions by delivering virtual instructions and distant assistance to the user.

Moreover, one of the key issues that AR addresses in assembly, maintenance, and repair is reduc-

ing the mental load and attention wandering of workers by allowing them to reject manual in-
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structions and giving access to all needed information ‘live’. AR application in the above-men-
tioned procedures is expected to reduce the costs by around 25% and enhance the performance

by 30% (De Pace, 2018, p. 2).

Assembly

Considering assembly and AR usage cases in it, it can be mentioned that the assembly process var-
ies considerably for different products, therefore, it is complicated to adjust the whole system of
AR to a new set of instructions. However, there are a lot of examples of companies that either

started to integrate AR in their assembly or have already gained benefits from its usage.

For instance, AIRBUS held a project named MOON (assembly-oriented authoring augmented real-
ity) focused on the creation and provision of instructions for assembly in the aerospace industry
with the help of AR (De Pace, 2018, p. 3). As Servan et al. (2012) explains that the process chosen
for the current case included the task of routing electrical harnesses in the military aircraft A4OOM.
By analyzing inputs from virtual and real worlds and processing them, Augmented Reality provided
the output in the form of visual instructions for workers. The results of this project were positive
since the MOON method allowed us to achieve significant time savings (pp. 636-638). It can be ob-

served in Table 1 below.

Table 1. MOON method time savings (Servan et al., 2012, p. 639)

MOON USE CASE

WI Creation Time (h)

WI Consulting Time

WI Maintenance

(h) Time (h)
Conventional Method 30 2 10
MOON Method 3 1 1

As can be concluded from the table above, even in a project with limited executed tests, the out-

comes were already promising. Firstly, the time of model creation was diminished by 90% because

thanks to the MOON methodology the time spent on the generation of the model and human in-

tervention are minimized. Secondly, consulting time for the assembly became two times less than
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with the conventional method. Such a win on time was achieved since the system used natural
markers and enabled an easier 3D drawings interpretation which in its turn reduced error occur-
rence. Finally, it reduced the time spent on maintenance by 90% because it reused information
from PDM (Product Data Management) which was already generated before to produce a new so-

lution (Servan et al., 2012, pp. 639-640).

Another successful example of AR integration into the assembly process can be NASA with its
Orion capsule assembly and the usage of HoloLens AR HMD (Dalle Murra, 2011. p. 11). Assembly
of the aerospace capsule is a complex task and asks a lot of knowledge and studying of massive
paper instructions. Usage of AR headset provides all needed instructions with the help of visual
overlaid elements. The worker sees which actions s/he has to do and what a final product should
look like. Although ergonomics still needs to be enhanced, and it is hard to work with the headset

for more than 3 hours, it is proven that workers understand all processes much faster and are able

to perform them in a shorter period (Winick, 2018).

Figure 7. Augmented reality view of technician working on machinery (Winick, 2018)
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Maintenance and Repair

Another important field of application is maintenance and repair. A substantial amount of time
and resources are spent on it by companies. As for workers themselves, it requires deep
knowledge, constant reference to guidelines or the help of some other experts. Moreover, taking
the current pace of technological progress and changes brought therewith into consideration,

there is a need for continuous learning of new processes.

Augmented Reality devices can provide workers with assistance, and as Slinger et al. (2019) states,
it saves time, and money and makes it possible to avoid human errors during these processes

(p. 128).

Let us refer to NASA AR projects again to provide an example of repair and maintenance tasks with
this technology. Since the further an astronaut from the Earth is, the longer the delay in commu-
nication with Mission Control Center is. Thus, AR glasses which will be able to provide instructions
and assistance removing the need to connect with the Earth are of crucial importance. Moreover,
it will allow an astronaut to avoid reading paper instructions, have free hands (since there is no
need to hold any devices), and solve a problem faster on one’s own. Several projects were held to
test HoloLens glasses in use in spaceship repairs and maintenance including T2AR project in orbit
implemented by Japanese astronaut Soichi Noguchi, Sidekick experiment carried out by former
NASA astronaut Scott Kelly, and tests executed by ESA astronaut Thomas Pesquet and NASA’s one
Megan McArthur. All the above-mentioned projects have shown that although there is a need for
improvements, AR can be successfully used for astronauts’ assistance for repair and maintenance
tasks in spaceships and that it can bring enormous benefits to this field not only by increasing effi-
ciency and accuracy of tasks execution but also by boosting space exploration since astronauts will

be able to fly further from the Earth (Guzman, 2021).

One of the techniques that are also worth to be paid attention is tele-communication. It is widely
mentioned in academic papers and applied in real-life cases to refer to AR application in mainte-
nance and repair. Tele-maintenance implies ‘remote maintenance provided by means of a tele-

communication system’ (WordSense Online Dictionary, 2022, tele-maintenance). It means that a
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remote technician can connect via the software to AR glasses and help the worker with mainte-
nance or repair tasks, which leads consequently to the conclusion that the problem can be solved

faster and with fewer costs.

To clarify a way of AR functioning in this task, an example of TAE Aerospace company with its
FountX AsR (Assisted Reality) technology will be taken. This device consists of AR glasses, a cam-
era, a microphone, and a speaker. It allows a technician who is located on-site, where repair or
maintenance for an aircraft engine is needed, to connect online with an engineer that can be in
any other spot worldwide. The latter one can see a video on his/her PC or tablet from the working
place and can provide live feedback to the former one. Therefore, there is a live connection be-
tween two people, which helps to eradicate a problem faster and cheaper since there is no need
for an engineer to come to the work site (Safi et al., 2019, p. 1189; TAE Aerospace, 2017, 0:17-
1:30).

2.6.4 Quality Control and Inspection

Quality control has been gaining more and more popularity during the last century. There is an in-
clination to comply with a standard of perfection as much as it is possible to produce and bring to
the market flawless products. Consequently, the objective of finding a more effective, accurate,
and faster way of product inspection is of considerable importance for manufacturing companies.
AR technologies are one of the ways how to achieve this aim. With AR devices it is possible to di-
rectly compare a virtual expected perfect model with the produced one by superimposing the for-
mer virtual version on the latter real one and immediately identifying defects or discrepancies. It
leads to execution time minimization, elimination of possible mistakes caused by human factors

and hence cost reduction (De pace et al., 2018, p. 3).

One of the prominent cases of AR application in quality control is Renault Trucks. In 2017 they
started to test HoloLens glasses for inspections of the product quality in a factory in Lyon by exam-
ining a ready engine. With HoloLens and software developed by Immersion, employees are able to
see a sample model, instruction, and each part separately to assess its compliance with the initial

prototype (Palladino, 2017; Renault Trucks Official, 2017, 0:00-1:25).
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Porsche also integrated Augmented Reality into their quality control processes in Leipzig in 2018
by means of the tablet app. The main process of its functioning is still the same: CAD-image is im-
posed over the real part of the car, compared with it, and if any discrepancy is found, it lets the
worker know where, what, and how it should be changed. Porsche management claims this tech-
nology to be a worthwhile innovation that will help to increase the quality of their cars considera-

bly (Porsche, 2018).

2.7 Challenges of IAR deployment in smart manufacturing

After examining academic papers on IAR and cases of its real-life application, the main challenges
that prevent this technology to integrate smoothly and fast into manufacturing industries were
identified. Although the number of all existing issues is genuinely wider, it is considered that for
this work it is sufficient to reveal only the biggest challenges since some profound technical con-

cepts are not the essence of this paper.

The main directions of the AR challenges in terms of its integration into industrial processes of
manufacturing are demonstrated in Figure 8. A broader explanation and disclosure of each point

are provided after the scheme.
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Figure 8. Challenges of IAR deployment in smart manufacturing

2.7.1 Technical challenges

The first challenge to be referred to is technical difficulties that companies developing and imple-
menting AR face. They relate to hardware and software performance of Augmented Reality de-
vices, as well as ergonomic problems that are aroused from the usage of technology by employ-

ees.

Hardware

As Egger et al. (2019) claims, although the processing speed of the hardware has been enhancing
considerably over years, it still remains a problem for AR technology, especially for the marker-less

HMDs (p. 19).

Software

Since the main performance part depends on the software development and its improvement,

there are more issues in this field. Although AR is already used in some areas of manufacturing
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tasks, its software still needs to be optimized in certain aspects.

Tracking

Tracking methods are often regarded as a feature that requires improvements. Such specifics as
‘accuracy, flexibility, robustness, computation efficiency, [and] ease of use’ are the crucial for
tracking systems in AR. However, issues like the occlusion of markers that allow AR system to ori-
ent in space and the impossibility to utilize markers on some details because of their small size or,
for example, because of the shadows from other assembly objects, remain unsolved. Since
marker-less tracking is more advanced than marker-based one, it faces even more problems. This
tracking method requires development to achieve its maturity, especially in terms of better locali-
zation and mapping (Dalle Mura et al., 2021, pp. 18-19; De Souza Cardoso et al., 2020, p.12; Egger
et al., 2019, pp. 20-21).

Latency

The problem of latency is added to it. Time is needed for the software to process the environment
around, which changes depending on the actions of a worker, and understand which image to

demonstrate (Dalle Mura et al., 2021, p. 19; Egger et al., 2019, p. 21; Masood et al., 2020, p. 25).

Authoring

Another point mentioned in academic papers is authoring. Based on the definition in the Cam-
bridge Dictionary, authoring is ‘the design and production of computer programs and websites,
using special software’ (2022, authoring definition). Connecting it with the theme of AR systems,
there is a necessity to create a working program for AR that will function for the good of the fac-
tory and its needs in different manufacturing processes. Yet it is a complicated task since there are
no standardized guidelines for AR authoring, which makes the process of creating software and
program for AR devices very time-consuming and expensive. Apart from it, AR authoring requires
access to a vast amount of data related to the assembly procedures which can be considered pri-
vate information of the company (Dalle Mura et al., 2021, p. 19; Egger et al., 2019, p. 21; Masood
et al., 2020, p. 25).
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Hardware and Software: HMI/HCI

One of the central concepts for all technologies of Industry 4.0 including AR is Human-Machine In-
terface (HMI) or Human-Computer Interface (HCI). HCls ‘provide the user with different visual,
haptic and auditory sensations, which play a vital role in a virtual assembly system for increasing
the degree of immersion in the VR/AR environment’ (Tao et al., 2019, p. 11). Therefore, the appro-
priate hardware choice and constant software enhancement in terms of HCl, especially through
NLP (Natural Language Processing) and gesture recognition, can lead to a closer and more efficient
Human-Robot Collaboration (HRC) and consequently more effective utilization of AR technology

(Della Mura et al., 2021, p. 18; Egger et al., 2019, p.21; Tao et al., 2019, p.12-14).

Ergonomics

In current work ergonomics is referred to as the technical challenge because technologies are
aimed at addressing or at least improving the physical and mental well-being of workers and com-
fortability of working processes, however, as specified by Reiman et al. (2021) ‘technological de-
velopment has not handled and solved all existing challenges related to human health, safety, and
productivity in industrial manufacturing processes. Humans will continue to play active roles in
manufacturing processes’ (p. 1). That is why it is necessary to take the opinion of employees into
consideration. As for the ergonomics side of AR devices, workers are still rather dissatisfied with it.
The first complaint of users is about the weight of hardware devices. It concerns preliminary HMDs
since they are heavy, and it is difficult physically to wear them for the whole working day. Sec-
ondly, the field of view (FOV) of AR glasses is less than human’s one which in a long-term can
cause headaches, dizziness, and nausea. Finally, after the continuous period of AR HMDs usage,
various side effects were reported: visual fatigue, decrease in performance concentration because
of the ‘noises’ created by the displayed information (Egger et al., 2019, p. 19; De Souza Cardoso et
al., 2020, pp. 11-12).
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2.7.2 Organizational challenges

Challenges referred to organizational level concern both sides of potential users of AR devices:
management or board of the company and workers themselves. It is important to consider chal-
lenges for everyone because, firstly, without the agreement of one side the usage of the technol-

ogy is impossible, secondly, the reasons for unacceptance are completely different.

User level

Users are workers themselves who apply AR devices in manufacturing processes. Their main rea-
son for not accepting AR can be solely a lack of knowledge about it, which can make users suspi-
cious and even scared of the change (Masood et al., 2020, p. 25). Moreover, since AR system can
perform and improve only if it can access task or error tracking, workers express concerns about

their privacy because of the additional surveillance the system adds up (Egger et al., 2019, p. 21).

Company level

Concerns of the management of the company refer to other subjects and comprise more doubts
since the decision of implementing new technology into manufacturing processes often comes

from them.

First of all, it is important to understand that a company primarily assesses how beneficial innova-
tion is in terms of money and time. Thus, a comparison of investment into technology and its po-
tential advantages brought to the company in the future is to be estimated. The time needed to
integrate the technology and receive a maximum out of it is considered by the company as well.
For example, Masood et al. (2020) stresses that the cost of hardware was not found as a problem
by companies that took part in his experiment. However, it was regarded problematic to scale up
the software application since its incorporation and authoring of content is a complicated task (p.
22). Consequently, it asks for both financial and time resources, and these possible complications

make companies doubt the investment.
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Apart from it, Egger et al. (2019) emphasizes that to profit from the utilization of AR technology, a
company should understand that this technology is not suitable for all the tasks in manufacturing.
Some of the processes are mature or efficient enough and the usage of AR will just disrupt them.

Hence, the right choice of usage areas of Augmented Reality devices is another challenge that the

top level of the company must face.

Another issue for the management of the company that the authors assert is connected with HSE
(Health, Safety and Environment) concept. The challenges concerning health were already men-
tioned before while describing technological and ergonomic problems. We also have briefly men-
tioned safety issues in regard to data sharing, supervision, and authoring system. As for the last
part of this concept, a company will have to overcome a lot of environmental changes since the
integration of new technology brings alterations at all levels and include not only modifications in
organizational structure, manufacturing, and training processes, but it concerns the culture and
working environment of the whole firm itself. For instance, the integration of AR can highly likely
bring the necessity of external support. It can cause anxiety as some companies are unwilling to

involve third parties and give access to their private information (pp. 21-22).

2.8 Future perspectives of IAR in manufacturing

As was reviewed in the previous sections, although the integration of IAR into manufacturing has
already started and there are prominent examples of its usage and efficiency, there are still issues
to be addressed and faults to be fixed. However, the presence of problems should be not only con-
sidered a negative fact, it also brings its positive side since it allows actors of IAR sphere to under-
stand ways of improvement of the technology, i.e., what problems should be resolved, what fea-

tures should be refined, what possibilities for the further enhancement there are.

In this subchapter, we will cover the main areas of AR improvement for its better utilization in the
manufacturing field and provide an example of a potential combination of AR and other technolo-

gies that already start to grow in popularity.
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2.8.1 Future directions of improvement

Figure 8 already gave a general understanding of the directions, in which AR technology should be
improved to become more efficient and integrate into manufacturing faster. To give a better un-
derstanding of why these problems matter and should be eliminated, comments in the existing

issues will be provided.

Hardware and software

Solution of hardware and software problems lie at the core of the AR enhancement since the per-

formance and applicability of the technology depends on them.

Egger et al. (2019) describes and explains in detail what and why should be changed in the future
for a better execution of IAR. The first crucial improvement to be made is to increase processing
speed of AR devices since the working environment and processes become more complicated and
require technology to work faster. For example, marker-less technology starts to be used more
widely nowadays, meaning that AR will need a better processing speed to orient quickly in the

working environment without any markers.

Moreover, the system should be more adaptable to real-life applications in terms of adjusting to
the users and their experiences. It implies that depending on the experience of an individual, a sys-
tem will show a specific content corresponding with a person’s knowledge and needs. Without this

enhancement, AR will not accelerate manufacturing, but rather hinder it.

Besides, common, and standardized guidelines and data should be used for AR systems so that
they can be easily integrated into the IT infrastructure of a company and adapted for various pur-
poses. The need for this unity is also caused by an authoring problem that was already mentioned
in the previous subchapter. Such authoring systems should be created and used so that the con-
tent can be added and edited from both ends of the system. This will lead to the decrease in time

required for content creation (pp. 22-23).
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Ergonomics

Even if technical issues are addressed, without the device being appropriate and comfortable for
the workers’ usage, it will not be able to integrate into the industry widely. That is why problems

concerning ergonomics should be defined and solved as well.

The two concerns to be changed in the future that are mentioned often in academic papers and
experiments: the weight of the devices and content visibility including FOV. Both factors prevent
devices to be employed for a long period. It leads to physical and mental discomforts (Egger et al.,

2019, p. 22; De Souza Cardoso et al., 2020, p. 12).

Organization

As was already defined, at the organizational level there are issues connected to two main parties:
users or workers and management of the company. There is a brief review below of how the level

of their concerns can be reduced.

User level

The difficulty to integrate AR into the working processes that one can face from the side of the
employers is their lack of acceptance of a new technology. To increase their openness to AR, they
need to be introduced to and get familiar with it profoundly beforehand. To accept something,
one needs to see its advantages and drawbacks. Therefore, as Egger. et al. (2019) and De Souza
Cardoso et al. (2020) suggest an appropriate way to achieve this goal is needed which implies im-
plementation of experimental tests in the working environment of manufacturing companies to
explain and show workers how AR functions and what benefits it can bring to them. In fact, it can
be valuable for the company as well since the system can be adapted and enhanced during its

testing (p. 23; p. 12).
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Company level

There are a lot of matters that should be taken into consideration by manufacturing companies
themselves before and while implementing AR. However, Egger et al. (2019) summarizes it very
precisely that since the implementation of AR results in a great number of changes in the com-
pany, starting from the company culture to its ways of managing data, management should assess
risks and choose the right area of technology application beforehand. Only being prepared for a

change and understanding where and how to apply technology, AR can bring success to a com-

pany (p. 24).

2.8.2 Development trend: a combination of AR and DT

Nowadays another promising technology such as Digital Twin (DT) also develops and gains popu-
larity. The combination of AR and DT is considered to be a very auspicious combination of technol-
ogies since DT can increase the effectiveness of AR in terms of safety, productivity, accuracy, and
economy. However, this combination is supposed to be applied and bring benefits only to assem-

bly processes of manufacturing.

Digital Twin was defined by professor Grieves at Michigan University in 2003 as ‘a digital system
including physical and virtual products, and the connection between them...” (Qiu et al., 2019, pp.
598-599). In other words, as the authors of this paper explain, by having access to all data of a
certain object, DT can analyze and improve it in a digital world so that when the item is produced
it does not have any drawbacks, hence, it reduces or eliminates manufacturing defects. Moreover,
DT can provide hints for the improvement of physical entities by creating new ideas and problem
solutions. The benefit that DT can bring to AR is that in comparison to the latter one alone, which
bases analyses and navigation on static models and data applied to an ideal situation, the former
one is able to make immediate adjustments to assembly processes and their optimizations with
the help of assembly models obtained from the real data and the real-time analysis of the assem-
bly state of the physical model. These technologies applied together can raise the accuracy of as-
sembly and enhance control of the assembly behavior in general (Qui et al., 2019, pp. 598-599,
605).
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2.9 Synthesis of the theoretical framework

Taking everything into account, it can be concluded that manufacturing industry is currently fo-
cused on the integration and utilization of advanced technologies of Industry 4.0 which combine
real and virtual worlds, and Augmented Reality is an integral part of this smart manufacturing and
consequently smart factories. It had a long development history dated back from the 1960s and is
still developing nowadays. There are already examples of AR applications and its effectiveness in

several manufacturing processes such as:

Training

Logistics

Assembly

Maintenance and repair
Quality control and inspection

ok wnN e

However, AR systems and devices still require enhancements. Their drawbacks prevent them from
being integrated into manufacturing widely. Disadvantages and areas of improvement are mainly

connected with

1. Technical challenges
2. Organizational challenges

The elimination of these issues can considerably boost AR deployment, but this process will take
time because it depends not only on the desire of the AR creators but on technological evolution
in general, a better understanding of the technology by all actors and what is more important - its

acceptance by them.

The work on AR improvement already takes place at present, and new ways and combinations of
technologies, from which AR systems and hence companies can benefit, are being found. For in-
stance, joint usage of AR and DT can bring a more efficient, economic, and safer working experi-

ence, which is advantageous for companies.

Therefore, Augmented Reality has already started its integration into manufacturing, and if re-

guirements for its future successful development are met and treated with particular care, and AR
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systems are applied in areas to which it can bring true value and which it can improve, the tech-

nology can be considered as promising for the manufacturing industry.

3 Methodology and Implementation

In this chapter, the chosen research methodology and the way of its implementation are ex-

plained. They are selected and executed in accordance with the Saunders’ research onion (see Fig-

ure 9).
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Figure 9. Research onion (Saunders et al., 2012)

3.1 Research design

Research design is a coherent and consequent way that helps an author of the work to answer re-
search questions thanks to different methods and techniques that correspond to the needs of the

research (Saunders et al., 2012). Hence, it is crucial to create a suitable research design since the

success of the whole research depends on it.
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Approach

Saunders et al. (2012) reveals the essence of the inductive approach, which is thought to be the
most suitable one for most social science studies. It implies that firstly the data is collected and
then based on it, conclusions are made. Such an approach is very useful when one tries to under-
stand the core of a problem or a specific theme. Moreover, induction allows more freedom in
terms of finding alternative solutions to a chosen problem. Instead of proving something, one
simply analyses data and tries to understand the connections. Therefore, the purpose of this ap-
proach is perfectly corresponding to the needs of the presented work. In terms of this research in-
ductive approach was applied to create a perspective model of IAR development paths in smart

manufacturing that can be followed and verified later.

Nature of studies

For the further explanations of methods, it is also important to know that the nature of this study
is exploratory. It brings insights into the chosen topic to lead to a better understanding of the cur-
rent situation and define potential futures of the issue area. This method is very flexible and
adaptable meaning that it allows deviations and changes in the direction when one obtains new

data (Saunders et al., 2012).

Methodological choice

In this research both quantitative and qualitative data are used which reveals a complete overview
of the topic from different sides. According to Saunders et al. (2012), it can be claimed that a
mixed method was applied in this research. This method enables a better comprehension of the
theme as well as its deeper analyses because the outcomes received via various methods can in-

fluence each other and lead to new findings.

Strategies

Triangulation of multiple sources was used in this study to ensure the fidelity of the outcomes

found. It means that within this work different techniques of data collection were utilized. The
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chosen strategies for the current studies are represented in the triangle below and described in

detail later in this chapter.

Literature
review

Triangulation

Survey Intreview

(quantitative (qualitative
strategy) strategy)

Figure 10. Triangulation model for research

Moreover, the author was able to have a personal observation of the technology that allowed one
not only to understand the way of AR functioning but also to assess it from both technical and er-

gonomic sides on one’s own.

3.2 Sample

Saunders et al. (2012) urges the usage of sampling, i.e., considering the collection of data only
from a certain group of people since surveying the whole population will be both impractical and
what is more likely impossible because of resources constraints. There are two main sampling
techniques: probability or representative and non-probability. For the survey conducted during
this research, the former one is employed because the representative sampling method allows
one to make conclusions and answer research questions with the help of the chosen sample. The
sample frame for the survey was defined as bachelor’s students. Although the selection was not

based on demographic factors, the country of origin, sex, and age were asked from respondents
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since this data was seen as valuable during further analysis. The number of people who received
the survey was equal to 250. However, there were only 86 responses. It is crucial to count the re-
sponse rate for the research since the lower the response rate is, the higher the possibility is that

the information obtained is biased. The formula and calculations can be found below.

total number of responses

total response rate = . ——
total number in sample — ineligible

Figure 11. The formula of total response rate (Saunders et al., 2012)

The response rate of 34% for the student online survey can be considered appropriate for analysis

and further conclusions relevant to the research.

As for the interview, special sampling techniques also were used. Firstly, a sample universe was
defined by the next inclusion factors: man/women with obtained postgraduate education and
work experience, work in/with AR and/or manufacturing-related areas, preferably prior experi-
ence with AR technology, possession of information about the technology usage inside the compa-
nies. The sample size for the current work was limited from 4 to 15 people since the information
gained from such several people suits the purposes of a bachelor thesis. As for the strategy, a pur-
posive and convenience sampling strategies were utilized. The former strategy implies that only
those respondents were reached who, in the author’s opinion, had knowledge about the subject
and could contribute to it. Convenience strategy refers to relatively easy access to the participants
and their willingness to take part in the interview. Thus, the researcher had confidence in the fact

that one can reach the needed people for the interviews (Robinson, 2013, pp. 25-35).

3.3 Data collection and implementation

In order to do proper research, there is a need of gaining valuable and credible data and analyze it.
This collected data can be either primary or secondary. This work uses both primary and second-
ary sources, and as was already mentioned it utilizes mixed methods. It includes different types of

data for a better understanding of the topic and the possibility to answer research questions. Pri-
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mary data refers to the new information that was collected by the author on one’s own. The sec-
ondary data, it refers to already existing sources which are found and critically analyzed to get pro-
found knowledge base of the topic, understand what has been already explored before and where
there are still gaps (Saunders et al., 2012). In this subchapter data used for this thesis, its sources

and ways of collection are described in detail.

3.3.1 Secondary data

At the very beginning, secondary data sources were carefully chosen, read, and critically reviewed.
They helped an author to familiarize oneself with the chosen topic, narrow it down and prepare
thoroughly for the interviews and survey. The main secondary data sources utilized in this work

are demonstrated in Figure 12.

Figure 12. Secondary data sources (modified from Saunders et al., 2012)

Regarding secondary data, it is very important to mention here that even though a prevailing num-
ber of it is articles and surveys from credible sources such as Google Scholar, Science Direct, Sco-
pus, Elsevier, and IEEE Xplore, there was also a necessity for using a substantial number of com-

mercial websites and YouTube videos. This need was caused by the very essence of the work
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because it scrutinized the real-life practical application of AR technology in manufacturing compa-
nies. Although such cases are mentioned and described in academic articles, a wider and more
precise explanation of projects is available only via commercial sources, hence via the websites of
companies or videos produced by them. However, the author tried to take only objective infor-
mation from these sources without adding any extra advantageous sides to the technology since a

product is always presented in a better light by commercial actors than it is.

3.3.2 Primary data

As was already mentioned, interviews (qualitative) and a survey (quantitative) were used as pri-
mary data sources. Moreover, an author had a real-life experience with AR to assess technology
on one’s own and immerse into the field of the research better. In this section, the design of inter-
views and surveys as well as data collection is described. The description of the author’s observa-

tion is also described.

Interview design and data collection

Interviews are considered the main method of gaining primary data for this research because the
area of Augmented Reality application in smart manufacturing is a very specific one, and
knowledge can be gained only from the experts in this field. Thus, they were conducted before the

survey and are meant to be prevailingly relied on.

The process of interview design and data collection consisted of several steps and was thought
through carefully because there was only one possibility to speak with a person. Therefore, the
maximum amount of relevant for the work information should be gained during interviews. Figure

13 shows the stages of work on the interview creation, its implementation and conclusion.
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secondary data
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5. Search of experts

4. Editing of
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8. Intreview

9. Intreview analysis

10. Conclusions and
findings

11. Improvement of
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Figure 13. Process of interview design and data collection

Before starting to create interview questions, one needed to obtain profound knowledge of the
theme of research for questions to appear, to understand the themes that need to be covered
during the interview and to be able to support a conversation with an expert. After the studies of
secondary data, the most crucial aspects which would be examined during the interviews were

chosen. They became the solid ground for the future questions.

Afterward, the first draft of interview questions was created. It comprised open, probing, and
closed questions to get different kinds of information. Moreover, the semi-structured form of the
interview was chosen. Although it requires a prepared list of questions, this model allows more
freedom during the interviews when and if needed. Questions can be changed in order or context
depending on the respondent or his/her answers. It brings flexibility to the interview and the pos-
sibility to gain maximum relevant information from different experts which is very helpful for this

research since various parties are included in the interviews (Saunders et al., 2012).

Since it is impossible to test an interview with an expert because of the value of their time and dif-

ficulty to receive acceptance for the interview in general, the interview questions were tested with
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the help of other students. It helped to improve and ‘polish’ questions, remove not relevant ones,

add the ones that were not included and to understand the timing of the interview.

After questions for the interview were ready, the most important part was left — to find experts
who are willing to share their experiences and thoughts. It was a rather complicated task since the
chosen theme is very specific, and access to professionals in this area is very limited for a student.
However, by web searches, university, and personal connections, it was possible to find respond-
ents who are directly or implicitly connected with the sphere of AR application in manufacturing.
During this search it was crucial to try to find actors who are connected to AR from different sides,
implying that it should be producers of AR hard- and software, companies and workers who utilize

these devices, and other external interested parties.

The request to become an interview respondent and detailed information about the conducted
research and requirements from the respondents were sent by e-mail and outlook to 18 people. 8
of them responded that the current theme is interesting for them, but it is outside of their compe-
tence, therefore, it would be impossible for them to lead a conversation about it. There was no
feedback from 4 of them. Thus, there were 6 interviews agreed upon at the end. Different time
slots and a place were proposed by the interviewees. All interviews were non-standardized one-
to-one. However, the mean of connection varied depending on the expert’s preferences. There is
a list of respondents below, as well as the mean of conversation with them and their connection

with the AR technology:

1. Expert A (face-to-face interview): teaching of ‘digital technologies and digital solutions’, creation of
XR filming studio system, manager of the project aiming to apply XR technology in educational
fields as well as in local (Finnish) medium and small-sized enterprises;

2. Expert B (face-to-face interview): working in different industrial positions, teaching of ‘New tech-
nologies’

3. Expert C (face-to-face interview): IT alumni, technical specialist, programmer and game developer,
creation of VR game, manager of the project aiming to apply XR technology in educational fields as
well as in local (Finnish) medium and small-sized enterprises;

4. Expert D (Internet-mediated interview): researching AR in the 1990s, CO-founder of the AR Soft-
ware company;

5. Expert E (face-to-face interview): lecturer of the asset management and maintenance;

6. Expert F (Telephone interview): international expert of Al, General Director of the company in the
sphere of R&D in automatization of technological and business processes.
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Since the background and experiences of experts varied noticeably, the list of questions should
have been modified slightly to comply with the expert field. However, the essence of the ques-
tions always remained the same so that analyses of the acquired information can be carried out.

The sample of questions can be found in Appendix 1.

The next step was to interview experts. The time needed for one interview was estimated to be 1
hour. Practically the time varied from 20 minutes to 1 h depending on the extent of the expert’s
knowledge regarding thesis specific theme. A few words for the introduction and conclusion were
said to focus the conversation on the specific theme and to define the end of the interview. All ex-
perts were asked at the beginning about their desire to stay anonymous or not and the permission
to record the conversation. All interview questions can be divided into subtopics, starting from
more personal and general questions, continuing with more field-specific ones, and finishing with

the offer to add some open comments (see Table 2).

Table 2. Interview questions structure

Question Theme

Questions 1-2 Personal background and connection with the

research topic

Questions 3-4 Smart manufacturing and AR concepts and
their role

Questions 5-6 Present-day AR application in manufacturing

Questions 7-10 Challenges and future perspectives of AR ap-

plication in manufacturing

Question 11 Additional comments

Finishing the interview, each of them was transcribed and the most important points were chosen.

It led to the next two steps:

1. Making conclusions about any changes to the author’s research since new issues and ideas were
raised during interviews;
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2. Changing and improving questions for the next interviews since only real-life practice can show
what questions are good and which ones should be altered/removed.

Step 11 brought a researcher back to step 8 (interviews) till there were no more respondents. Af-
ter the results and crucial notions of all the interviews were revealed, the author started to make

comparisons and findings which are presented in chapter 4.

Biases during interviews and their avoidance

There are a lot of possible biases which can appear in the process of creating interview questions,
during the interviews themselves or while their analyzing. The next biases that are emphasized by
Saunders et al. (2012) were taken into consideration in this research while gaining primary data

through interviews:

1. Interviewer bias
It refers to the biased behavior of the interviewer him/herself which influences an answer of the
respondent, for instance, while asking questions with a specific intonation or putting the accent on
something because of one’s own beliefs and desires. Moreover, the analysis and interpretation of
the given answers are also viewed through the interviewer’s prism, thus, can be understood and
explained differently from what they were supposed to mean.

1. Interviewee or response bias
It is connected to the unwillingness of the respondent to reveal some sensitive information or an-
swer questions they are not allowed to or that will show them in a socially undesirable way.

2. Participation bias
Since participants have to spend time on an interview, it can lead to the denial of certain people to
take part in it. Thus, a sample from whom data is collected can be biased and not consider other
opinions.

3. Generalizability
This issue is related to the avoidance of generalizing facts too much, especially while having not a
big number of respondents since such a set of information includes only some opinions of specific
individuals, not meaning that everyone in their position thinks like this.

4. Validity
The possibility to gain enough deep information from the respondents and interpret it correctly is
regarded as a validity of the research.

Survey design and data collection

Primary data in this research was also collected with the help of questionnaires. Although the

main focus was made on the expert opinions obtained via interviews, it was thought that a survey
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aimed at students could help to better understand the future perspectives of the technology since
those who are currently studying at the universities are the future workers. Thus, it is precious to

understand their familiarity with AR and their readiness to utilize it.

For the above-mentioned purpose, a self-completed Internet-mediated questionnaire was created
via Google Forms. It was anonymous and covered research-specific questions but explained and
asked them in a simple way so that respondents can realize what they are asked about, and give a
credible answer (Saunders et al., 2012). Figure 14 represents the flow of work on the survey. Ex-

planations on each step are provided after it.

1. Studies of the
secondary data and 6. Questionnare
primary data from distribution
the interviews

2. Understanding

the purpose of the 5. Testing
survey

8. Data analyses

3. Define survey

N 4. Create the survey

9. Findings

Figure 14. Process of questionnaire design and data collection

Before creating a survey, the author already had a profound knowledge of the topic since second-
ary data sources were studied, interviews were held, and their results were analyzed. It was neces-

sary to do so for two reasons:

- As was already mentioned, a survey was a second by importance source of primary data;
- To be able to explain and ask questions about the topic in simple words, one needs to understand it
deeply and see the problem from different viewpoints.
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Moreover, the author had to define the purpose of the survey and understand if there was a need
for it. As it is stated above, the aim of the questionnaire was to acquire a better image of the fu-
ture of the technology by questioning future talents who will work with this technology the most.
Therefore, it helped to answer the second and third research questions and consequently added

value to the research objective.

All participants should have been bachelor’s students, more preferably if they are from different
countries, programs, of different sex and age because it allows us to gain a comprehensive outlook

of the issue and define patterns. That is why demographic data was asked from the participants.

Step 4 was the creation of the survey itself. It constituted open questions (for example, to ask
about the role model companies that utilize AR), list (e.g. to define the most meaningful chal-
lenges), category (e.g. for the age), rating (e.g. to assess the willingness to work with the technol-
ogy or trust in it), and multiple-choice questions (comprise the biggest part of the survey to facili-

tate responding) (Saunders et al., 2012).

Besides, the survey had a logical order and included an introduction, main part, and conclusion. At
the very beginning of the questionnaire, participants can get familiar with AR technology and
watch a short video about it. Required time for the survey and information about data and its us-
age were also explained there. Moreover, a short introduction was added before the subsection
with questions about AR applications in smart manufacturing for the participants to gain a better

understanding of the theme. In the end, all the respondents were thanked for their participation.

The main part was divided into sections and moved from more general questions to more specific
ones (see Table 3). It was considered that participants of the survey had either a very vague under-
standing of the theme, a good one or not at all. Therefore, the questions were created in a way
that everyone even without any prior knowledge can answer them. The survey consisted of fifteen
guestions and took 5-10 minutes. Since normally people are not willing to spend time on surveys,
the most accurate and valuable questions should be asked in a short time and well-presented

form. A ready questionnaire form can be found in Appendix 2.
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Table 3. Survey questions structure

Questions Theme

Questions 1-4 Socio-demographic background

Questions 5-7 Presence of prior knowledge about AR
Questions 8-14 Research-related specific questions about AR

application in manufacturing including imagi-
nary scenarios, questions about possible chal-
lenges, future perspectives, and general trust

in the technology

Question 15 An open question for extra comments

In terms of testing, surveys are easier than interviews since one can test it with any person. In this
case, the one who does not have any connection to the theme is a better candidate for testing
since s/he will be able to help to make a survey as easy and understandable as possible. Three stu-
dents, whose responses were not considered at the end, were chosen for testing. It helped to de-
fine the time needed for the survey, modify and enhance questions, and asses the real value of the
data asked. In general, a survey was changed considerably in terms of formulations, its content,

level of difficulty, and subtopics.

After all these stages, a prepared survey should have been distributed. Different social media net-
works and platforms were used for this purpose (because students are easier and faster to be
reached there): Instagram, WhatsApp, Telegram, and VK. When a sufficient number of respond-
ents for the bachelor thesis was achieved, analysis of obtained data was conducted, correlations
were found out, interesting and notable remarks were done, and respective findings were made.

All these results are as well presented in chapter 4 ‘Results from the Collected Data’.

Survey biases and their avoidance

The creation of well-structured and thought-through surveys is a complicated task. Considering

and avoiding some biases is one of the objectives that can improve the credibility of the survey.
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Lugen (2015) stresses the most crucial biases to be avoided during the process of work with ques-

tionnaires that were also considered during the current research.

Cognitive biases
1. Framing effect:

This effect implies the influence of the context in which a question is asked and its influence on a
respondent’s answer. It is almost impossible not to have this impact on people who answer survey
guestions, which is why the questionnaire creator should be aware of the framing elements and
effort to make them homogenous throughout the survey.

2. ‘Halo’ effect:
Human-beings’ perception is more structured than analytical; hence it tends to grasp sets of infor-
mation by evaluating them in relation to each other. It means that a certain modality of questions
will always lead to the same responses from different people. It is why it is important to interrupt
this sequence by, for example, open-ended questions.

3. Priming effect:
It appears when a previous question brings a specific meaning to the following question and causes
another biased answer.

4. Positivity bias:
People are in general inclined to answer positively than negatively. It is crucial to avoid this bias by
avoiding a lot of questions with binary responses and, for instance, adding bipolar scales where a
person has to choose an extent of disagreement or agreement.

5. Memory bias:
For a person in order not to forget what was asked or mentioned a few questions ago, it is im-
portant to bring reminders of the topic and its main aspects. For those ones who have difficulty fo-
cusing on all the elements of the question (short-term memory), the questions should be simplified
and shortened as much as possible.

Motivational biases

1. Commitment bias:
This bias relates to the tendency of people to remain consistent in behavior or answers. It can make
a person stand for the opinion that corresponds with the one that was stated or defended before
even though this opinion does not belong to the human him/herself. Thus, syllogisms should be
avoided in surveys.

2. Social desirability bias:
Simply stated, it is a bias caused by the desire of human nature to give a positive image of oneself
by one’s answers, consequently, to embellish some facts about oneself (pp. 7-8).

Author’s observations

Expert C agreed to let the author experience utilization of AR glasses in real life. Such an oppor-
tunity of having a real-life observation of the technology at which the whole research is aimed at
was considered very valuable. The main purpose of this observation was to gain a deeper compre-

hension of the technology and to try to reveal its advantages and drawbacks in usage. Moreover, it
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was set as an objective to assess AR functioning and its ergonomics and to create a more solid per-

sonal opinion about Augmented Reality, its present, and future.

The testing took place at the digital and game center in Finland. The models of AR devices used
during the observation were the first versions of Vuzix AR glasses and HoloLens. The systems and
their way of functioning were explained by the expert. The author was able to wear glasses, see
their home screen, options, and with HoloLens it was possible to try some game applications
which provided 3D models and sounds. It was possible to move objects with hands and to manage

the system with both gestures and sounds.

A lot of useful for the research information about the glasses and their usage was also obtained
during this meeting such as real-life application of AR in companies, improvements, and develop-
ments of the next versions of AR glasses, detailed overview of the technology and its components.

All personal findings derived from this observation are described in the next chapter.

—
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Figure 15. Author's experience with Vizux and HoloLens
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3.3.3 Research implementation

Every research should have a solid plan to follow so that data is collected in a logical order and

wisely (see Figure 16). Gain of new knowledge must help to proceed with the research further.

The work fundamentally started in November 2021 by defining the main topic, gaining knowledge
about it through already existing works and present-day news, and then narrowing it down since
by having a too wide theme, it becomes harder to write research on point with valuable infor-
mation that can fit into the Bachelor thesis. Objective and questions for the research were also de-
fined for the further proceeding with the work by finding answers to the defined questions. There-
fore, the research methodology was defined, and it was decided to apply the triangulation
method. The first step to be done was a thorough literature review that was already selected and
aimed to answer research questions. Interviews and survey were designed and implemented in
March-April 2022. Testing of the technology in the real life also took place during the latter month.
The information was collected fast enough, and the next two months were spent on its careful
analysis and studies of the results. After all this work, July and August of the same year were spent
on the final steps such as making conclusions, responding to the research questions, assessing the

work, and defining its limitation and future research possibilities.
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November -
December

eDefining a broad topic: AR in Manufacturing.

eStarting litearute search and narrowing down the topic: applications and future perspectives of IAR in
smart manufacturing

eDefining research objective and geustions

2021

January -
February 2022

eDefining research methodology
eCritical literature review for the research knowledge base

March 2022

eInterviews desing and implementation
eSurvey design and testing

April 2022

eSurvey conduction
eReal-life experience with AR

May-June
2022

eThorough critical analysis of interview and survey results

July - August

2022

e Genral summing up of the accomplished work

¢ Answering research questions

* Assessment of the accomplished work in terms of its quality
e Defining research limitations

e Defining future research possibilities

|
|
|
|
|
|

Figure 16. Research implementation

3.4 Data analysis and interpretation

Interviews were recorded, transcribed, and analyzed by the author on one’s own. The most im-

portant interview findings were represented in tables by themes so that the answers of different

experts can be easily compared. After each table interpretations of the interview citations and

their summary are provided.

As for the survey, it was analyzed with the help of Google Forms and Excel which allowed to un-

derstand a common students’ awareness of the technology. Besides, SPSS Statistics was utilized to
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reveal correlations between obtained data and gain its deeper analysis. Survey results were repre-

sented both descriptive and visually in graphs and tables.

3.5 Plan for the research quality and ethics

Saunders et al. (2012) claims that every research should follow ethical rules in terms of collecting
both secondary and primary data. This rule applies even more to research in business areas be-
cause they are almost inevitably connected with the human engagement (e.g., interviews, surveys,
observations, etc.) and consequently obtaining of data about them and from them. Moreover, the
issue of privacy and collected data has been brought even more into the spotlight in the last dec-
ade. That is why it is crucial to know how to gain access to the data correctly, how to treat re-

spondents and information received from them, and what else should be considered.

The plan of gaining data and its usage was created after defining and narrowing down the topic
and before starting the work. The main guidelines developed for this work are mentioned in the

list below:

1. Avresearcher is objective and honest in one’s research
Rights and dignity of other people are respected, as well as no harm is caused to them
3. Privacy of participants is to be respected by the next means:
o Informed consent about the participation in the research project is provided
Participation is voluntary
Confidentiality and anonymity are ensured
Participants are aware of data collected or recorded and the way of its usage
Questions about gender and age in the survey are not obligatory to answer
There are no questions that can raise and aggravate the issues connected with gender, na-
tionality, religion, politics, and other delicate topics
4. Aresearcher takes responsibility for thorough analysis and objective interpretation of findings
5. Aresearcher takes responsibility to provide quality research with credible sources of primary and
secondary data

N

O O O O O

As for the secondary data, it is also worth mentioning that information is cited and referred to in
accordance with the APA rules anti-plagiarism. All authors and their rights are respected, and in-

formation taken from other sources is not distorted from its original.
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4 Results from the Collected Data

This chapter provides insights into the findings from the primary data: interviews and survey. The
most important and meaningful conclusions are highlighted here. Since the purposes of these

methods of data collection were different, they are analyzed and discussed separately.

4.1 Interview analysis and findings

Interview analyses are presented in this subchapter. The most important abstracts were chosen
from all the interviews to bring understanding of experts’ opinions about the research theme. Re-
sults are divided by topics and demonstrated in tables so that it can be visibly easy to compare no-

tions of six different respondents. The four topics were chosen as central ones for analysis: manu-

facturing processes gaining maximum benefit from AR, the extent of AR applications nowadays,

current challenges of AR and needed changes, and future perspectives. Conclusions and com-

ments of the author are provided after each table.

Table 4. Interviews: manufacturing processes gaining maximum benefit from AR

Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 Expert 6
‘The best ‘Guidance and | ‘In assem- ‘... employee ‘I personally ‘This tech-
thing that you | teaching of bling, if AR is training, did not finda | nology is es-
can do with new employ- | built in your maintenance, | place where pecially use-
AR isto make | ees...and de- | glasses, it al- logistics, real- | you have a fulin the
see things crease of lows you to time report- worker that construc-
that you nor- | quality de- getalotofin- | ing, product needs infor- tion and
mally cannot | fects.’ formation design, quality | mation and product de-
see’ ‘AR can show | about the as- | inspections...” | AR will not sign pro-
‘You can test | something sembly pro- contribute to | cesses,
everything that is invisi- | cess, ... your that.’ training of
before you ac- | ble in your hands will be personnel in
tually build it | eyes.’ free to do the dangerous
assembly. You
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[with AR and
Digital Twin].’
‘You have the
virtual version
of the assem-
bly line, and
you can make
the training
for the new
workers very
easily... for ex-
ample, in the
work with nu-
clear reactors’
‘We do not
need to send
anymore a
guy from A to
B. There can
be a person
there [in place
B], who does
not even
know these
things so
well... Sending
people is
time-consum-
ing and ex-

pensive.’

do not have to
look from the
device with in-
structions to
the assembly
line again and
again.’

‘If a person
has to assem-
ble some-
thing, he did
not assemble
yet, then he
can use guid-
ance from AR
system.’

‘A technician
can read the
bar-codes and
choose the
right detail to
put into the
assembled

product.’

working en-
vironments,
mainte-
hance, and
quality con-

trol’
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All experts found areas of manufacturing to which AR technology can contribute and bring bene-
fits. The most prominent examples of AR application such as training or (tele)maintenance were
mentioned, as well as some new examples of the usage of Augmented Reality, which were not
covered in the literature review of current research, were named, in particular, the possibility of
AR showing processes invisible to human eyes (machine functioning, cables in the walls) or prod-
uct design. However, one of the most important conclusions that should be done from the above-
mentioned answers is that there are definitely various existing manufacturing processes that AR

can bring advantages to.

Table 5. Interviews: extent of AR applications nowadays

Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 Expert 6
‘Companies ‘There are ‘AR is not as ‘In company X, | ‘The compa- ‘It is still not
do not use more or less widespread as | all mainte- nies today are | mature

this technol- pilot projects, | VR, and even | nance workers | more aware enough, but
ogy. You can not actually VRis not yet a | use AR of the tech- already

find a lot of standard ap- | household glasses.’ nology than 5 | started to
videos on the | plications’ thing.’ ‘Car-manufac- | years ago.’ be inte-
Internet, but turer Y uses it grated ac-
it is still not a for product tively.’

very common
technology’
‘There are al-
ready some
success sto-
ries, but there
are still quite

a few’

designing and
virtual crash

tests.’
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It can be said that although experts made not exactly the same statements, their meanings can be

summarized as follows: although manufacturing companies are much more aware of the AR tech-

nology nowadays than in the past, and there are already examples of successful pilot projects or

real-life AR applications in manufacturing processes worldwide, the technology is still not mature

enough and should be enhanced significantly before it starts to be utilized massively and to bring

considerable benefits for companies.

Table 6. Interviews: current challenges of AR and needed changes

logues be-
tween compa-
nies and
educational in-
stitutes be-
cause the for-
mer ones do
not have the

knowledge.’

employee ...,
and communi-
cation in real
time’
‘Knowledge
and practical
solutions [are
missing]. It
might be hard

for companies

money, and it
is usually not
compact.’
‘Another is-
sue is secu-
rity and inte-
grating with
other sys-

tems from

proved effec-
tive.’
‘Knowledge
and need of
innovative
minds ...

‘It costs a lot:
one needs to
educate peo-

ple, invest in

size, better
sensors, bet-
ter ergonom-
ics... From
the software
side there
should be a
lot of integra-
tion work on

the shop

Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 Expert 6
‘People tend to | ‘Unfortu- ‘There are no | ‘Many peo- ‘There are ‘A human-be-
hang on the nately, there is | ready-made | ple at the two tracks: ing is more
old-fashioned | alot of need in | solutions that | companies hardware trusted now-
things that we | development: | are easyto do not un- and soft- adays than a
have prepared, | networking tailor for dif- | derstand the | ware. Asfor | machine’

for example, with the de- ferent use possibilities | the hard- ‘When the
some PDF files | vices, more so- | cases.’ of the tech- | ware, we still | performance
from where we | phisticated ‘The hard- nology’ wait for good | efficiency will
can read the and comforta- | ware is the ‘Before it devices that | be counted
instructions.’ ble materials biggest limit- | spreads will fit work- | not by

‘We are hoping | to use from ing factor. It | widely, it ers better: minutes, but
to create dia- the point of costs a lot of | should be bigger screen | by seconds,

companies
will realize
that AR can
accelerate
manufactur-
ing process
efficiently.’
‘Scare of con-

trol of the
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‘The
knowledge
should be
more shared...
For example,
most of the
people do not
really know
what XR tech-
nologies actu-
ally mean.
They think it is

agame.’

to understand
how these so-
lutions can
help them.’

‘A new tech-
nology ...
might be a lit-
tle bit scary.
Employees
might take it
not so hap-
pily.’

‘Taking invest-
ment into a
new technol-
ogy, you are
not fully sure
what will come

out of it.’

the manufac-
turing pro-
cess.’

‘If there is no
demand for
AR —there
will not be
any ready-
made solu-
tions, but if
there are no
ready-made
solutions —
there will be
no demand.’
‘One will face
resistance
because no
one likes
changes.’
‘Manage-
ment should
be convinced
that they
need AR, and
then the
workers of
assembly
lines also
should be

convinced.’

equipment
and whole
working pro-
cesses have
to change.’
‘Visibility is a
problem due

to small dis-

plays’

floor. There
is also a lot of
work on the
OS level.
‘Manage-
ment has to
realize that
the technol-
ogy brings
improve-
ment, ... and
then technol-
ogy should
be accepted
by the work-
ers as well.
‘Manage-
ment sees
that they
have to work
too much at
the begin-
ning, and
they get
scared.’

‘It is scary
that most of
them in-
vested in dig-
italization,
and now they

see that they

processes by
technology.’
‘Ergonomics
is not good:
too heavy
and big. It is
hard to con-
stantly wear

glasses.’
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‘The biggest have to in-
issue for vest again in
smaller com- AR/

panies is the

cost.’

As can be observed from all the comments given by the respondents in terms of challenges that
hinder AR integration in manufacturing and respective changes needed to be implemented, AR
systems are still not in a very stable position. There are a lot of factors that prevent or can prevent
companies either to integrate the technology or even to have a desire to do it. All issues men-

tioned by experts are summed up in the list written below:

1. Lack of knowledge
Companies are not conscious of the way of using the technology and advantages it can bring. It is
necessary to demonstrate ready-made solutions for existing problems so that companies realize
why they need this technology and what it can change. Till management and workers do not accept
AR, it is impossible to integrate it into manufacturing.

2. Hardware and software
This aspect of AR systems is still very weak. There were a lot of critics from respondents in terms of
hardware and software, starting from not appropriate ergonomics to the lack of standardized soft-
ware solutions.

3. Fear of workers and management of uncertainty
Since there is a lack of knowledge, both managers and workers have bias about the trust in technol-
ogy for their manufacturing processes.

4. Investment risk
The previous problem is logically connected with this one: being concerned about the technology
itself, company would not want to take a risk of an investment that they are not sure will bring any
payoff in the future.

5. Unwillingness of changes
AR brings a lot of changes meaning that management and workers need to refuse previous ways of
working that they are used to and put effort to get used to new principles. Most of the companies
will not be willing to do it.

6. Security issue
Some experts also raised the question of security. Integration of some outside systems into the in-
side industrial processes can bring concerns to manufacturing companies.
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but of course,

you need also

the
knowledge.’
‘What | have

heard it is from
3 to 5 years.
Things should
be better and
used in more
companies.’
‘When social
media compa-
nies start to

use things,

the word, but
mainly the
companies
who are
providing AR
services and
solutions
should be
more active
to find actual
practical
cases.’
‘There are so
many new

technologies

start working.’
‘In 10 years, it
will be much
better al-
ready.’
‘Entertain-
ment industry
has a huge
amount of
money. If
someone
there starts
making money
with AR, then
other compa-

nies will start

can emphasize
the role of this
technology.’
‘Technology is
quite ready for
effective appli-
cations, but
the companies
do not see the
possibilities
yet.

‘In general, it
will happen
sooner or later

when there

will be a lot of

in 3-5 years a
lot of im-
provements
in 5G for in-
dustry, so the
communica-
tion side of
AR will im-

prove.’

Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 Expert 6

‘It is going to ‘Itis hard to ‘Thereisalot | ‘We have to ‘It [AR] is ma- | ‘In the fu-
take some estimate how | of potential in | teach the stu- | ture. There ture AR
more years, long it will Augmented dents, and are stillalot | glasses will
but | am sure take to be as | Reality. when they go | of improve- evolve into
that these a standard, to companies, | ments to be AR lenses
things [AR] are | but it defi- ‘If people they spread done, butitis | and projec-
going to be a nitely will be | have already | the knowledge | there to stay.’ | tion of the
reality quite more com- used this tech- | about technol- | “...mass inte- | images
soon because mon in a cou- | nology at ogies.’ gration will into the
now it is tech- | ple of years.” | school, it is ‘Government happen in brain.’
nologically pos- | ‘Of course, much easier has a lot of de- | about 5

sible, and it is universities to adopttoit | velopment years...’

not expensive, | should spread | when they projects; they | ‘We will see
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things get nor-
mal and then
business fol-

lows’

on the mega-
trend, | am
not sure how
well AR tech-
nology will
overpass
those tech-
nologies.’
‘Digital Twins
combined
with AR
might give
the needed
step where
AR will be-
come more

common’

using it. Then
there will be
more solu-
tions, more
advanced
technologies
and more
software de-

velopers.’

good solutions
and applica-

tions.’

The last aspect that will be discussed in the interview analysis is the future perspectives of AR. It is

apparent that opinions of different people in terms of further AR development varied. Although

some doubts about the future of AR can be observed in the responses, it can be noticed that none

of the experts foresee stop of the technology’s progress continuation. In general, respondents

evaluated a better positioning of AR and its massive integration in 3-10 years. Most of them also

stressed that a technology is promising and with the right improvements can contribute to manu-

facturing a lot.

Another question that was of great interest to the author was at which level changes should start.

The next answers were provided:

- Educational institutions
By getting familiar with AR at schools and universities and being able to use it, it is highly likely that
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the technology will start being integrated into manufacturing because the young generation will
come to work with knowledge about the technology and its possibilities for improvements.

- AR production companies
Some of the experts were assured that the companies who produce AR hard- and software should
bring not only the technology, but also the knowledge to the companies.

- Government
One respondent mentioned that the support of technology by the government will change the
companies’ opinion about it and make them consider the technology since the benefits will be em-
phasized by the higher authorities.

Besides, an interesting notion was discovered during the interviews: some experts supposed that
the future development and deployment of AR in manufacturing will be pushed by the entrain-
ment industry. They assumed that this industry brings megatrends and makes not only people, but
other businesses also follow them. Consequently, a rise in AR popularity in social media or gaming
will accelerate its integration into the manufacturing industry as well since more people will be

aware of it, more solutions and system creators will appear.

Therefore, interviews with people related to Augmented Reality by different means brought a lot

of new notions about the research theme, its broader and more comprehensive overview, and the
current state of AR since it can be truly understood only by communication with people who have
access to the relevant information. Moreover, gathered opinions and their critical analysis made a

considerable contribution to answering research questions.

4.2 Survey analysis and findings

In this subchapter, a survey and its findings are revealed. The results representation is divided by
blocks likewise it is asked in the questionnaire. An author tried to get a general understanding of
awareness of the technology and readiness to work with it of the future talents, i.e., current stu-
dents without deepening too much into the topic itself because in this case the more difficult and
profound the survey is, the more there is the possibility of getting less credible results. It could
happen because of non-understanding of respondents what they are asked about or unwillingness
to answer long hard surveys. For the same reason not all fields of AR application were included in
the survey and only some imaginary examples were used. Some captivating revelations are pre-

sented at the end as well.
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Before analyzing, it is important to mention that survey results can be considered credible enough

for the Bachelor thesis because the respondents’ sample was rather heterogeneous in terms of:

1. Study fields (with the prevailing 53.5% of business students, 10.5% - engineering and 9.3% in IT)

Gender (51.2% - female, 48.8% - male)

3. Country (with the biggest number of respondents from Russia and Finland —29.1% each, and
France 9.3%)

4. Age (it is also regarded as not homogenous because only students were surveyed, however, there
are 14% of people 26-35 years old and 2.3% of 36-45 years old)

~

Students’ awareness of the technology

The question that interested and the author is whether students at least have heard about the ex-
istence of such technology. It should be understood that it does not imply that they know what it
is or how it functions, it just relates to the fact that they heard it from someone or somewhere in

their life.

Have you everv heard about 'Augmented Reality'
(AR) before?

= Yes = No Not sure

Figure 17. Survey: AR awareness

Although it can seem that having almost 76% of students who have heard about the technology is

a lot, one should try to analyze by contradiction: 24.5% of students either have never even heard
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about AR existence or are not sure that it was this very technology. Since the sample was with the
prevailing numbers of students in certain study programs and from certain countries, it was
thought to be not credible to try to find connections between the absence of knowledge and any

other demographical parameters.

Nevertheless, we can try to find if there is any connection between the gender of students and
knowledge of the technology. To understand it, Chi-square test carried out in SPSS, one of the ana-
lyzing methods mentioned and explained by Garth Andrew, will be used. It allows us to find out if
variables are correlated with each other, as well as shows what the observed results are and what

would be the expected numbers if there was no relationship in the sample.

The first step to be done is to define null and alternative hypotheses to either confirm or reject the
former one after finding out the results.

Ho: There is no relationship between the gender of the student and their awareness of AR.

Hi: The awareness of AR depends on the gender of the student.

The results of the conducted test are represented below.

Table 8. Gender*Awareness crosstabulation

Awareness Total
No Not sure Yes
Gender | Fe- Count 9 7 28 44
male | Expected 6,1 4,6 33,3 44,0
Count
Male | Count 3 2 37 42
Expected 5,9 4,4 31,7 42,0
Count
Total Count 12 9 65 86
Expected 12,0 9,0 65,0 86,0
Count




64

Table 9. Chi-Square Test

Value df Asymptotic
Significance (2-
sided)
Pearson Chi-Square 6,9812 2 ,030
Likelihood Ratio 7,285 2 ,026

N of Valid Cases 86

a. 2 cells (33,3%) have expected count less than 5. The mini-

mum expected count is 4,40.

Important information is represented in the row ‘Pearson Chi-Square’ in Table 9. The test revealed
that the significance level of data is 0,03 (p < 0,05) and the Chi-square value (x2) = 635.561, which
leads to the conclusions that the null hypothesis can be rejected, and there is a rather strong cor-
relation between the gender and knowledge of the AR technology (2008, pp. 62-64). It can be sup-
ported by and observed in Table 8 that the count and expected number of male and female stu-
dents being conscious of AR vary noticeably. The data in Table 8 demonstrated that in the
obtained data there are more female students who do not know or not sure they know about the
technology, which allows us to say that male students are at present are more informed about AR.
This finding allows us to guess that there is still a bigger proportion of men studying and interested
in technologies of industry 4.0 and/or manufacturing than women. However, the difference be-
tween women’s and men’s awareness was not dramatic, out of which we can suppose that the
fields of interest and studies of both genders have already overcome changes and are going to al-

ter further.

It was also relevant to the author to understand from where such a big number of unawareness
about the technology aroused and whether those ones who knew about it got this information
from their own experience or educational institutions. That is why the question about the AR-
related courses followed. As it is obvious that the existence of courses about Industry 4.0 (includ-

ing AR) as well as personal studies about it will raise the awareness of students about the technol-
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ogy, there is no need for these variables to be proven. Crosstabulation is used to represent the re-
lationship between the availability of university courses about AR and students’ knowledge about

it (see Table 10).

Table 10. Awareness*University crosstabulation

Awareness * University Crosstabulation
University Total
No Not sure | Yes
Awareness | No 10 2 0 12
Not sure 6 2 1 9
Yes 40 5 20 65
Total 56 9 21 86

It can be seen from the table that such a high level of ignorance about AR is caused by the unavail-
ability of courses connected with AR at universities. Several conclusions can be made from these
observations. Firstly, if there is no knowledge about the AR gained from universities, it is highly
likely that students did not learn the subject of Industry 4.0 in general since this technology is one
of its components, and it would with a big probability be mentioned even once during such a
course. Secondly, remembering that 73.3% of respondents are either from Business or Engineering
or IT studies, it leads to the notion that there is a negligible level of studies about technologies of
the present and future in those spheres and for those ones that are explicitly connected with

them.

It can be also observed that only 20 out of 86 respondents gained knowledge about AR from the
university courses, whereas the other 40 ones knew about it from their lives and interests outside
of the university which is equal to approximately 47% of all surveyed students. Apart from it, it can
be noted that 20 people neither heard about the technology at educational institutions nor had
any personal interest in it. There was one respondent who answered that s/he did not hear about
the AR although one had a course about it at the university. This answer is regarded as invalid by

the researcher since logically it is impossible.



66

The next revelation to be discussed before moving to a narrower research-specific question in
terms of the survey is consciousness of students of the real-life examples of AR applications. Only
sixteen respondents out of 65 who heard about AR systems named examples of the companies
that use them in the manufacturing processes. On the one hand, it potentially gives a hint that
even though there is knowledge of AR, there are not so many young people who know about its
usage in companies. On the other hand, the questions and theme itself is rather specific and nar-
rowed down, thus, it is not objective and correct to expect a high level of awareness, taking into
consideration as well that there is still a percentage of people who are not connected with this
sphere at all. Moreover, it should be perceived as already valuable and promising that some re-
spondents knew about the companies connected with AR (although some of them related to the
creation of AR, not manufacturing). A lot of different examples starting from Apple, Oculus, or

Niantic to Boeing and Volkswagen were remarked by respondents.

Student readiness to work with AR and influencing factors

To gain an understanding of students’ readiness to work with the technology two possible scenar-
ios of using AR in training and tele-maintenance were provided. Also, the features that seem the

most crucial for students in these situations were offered to choose or to suggest one’s ideas.

For expressing an opinion about willingness to work with AR technology in a certain area, interval
rating scale questions were provided where one corresponded to ‘definitely would not work’, and
5 to ‘definitely would work’. It was not of priority to find out in which area (training or tele-mainte-
nance) students are ready to work more, rather what the general level of students’ willingness to
work with the technology in the future is. Therefore, the mean of these two results was found and

a new variable ‘Readiness’ to work with AR was created and analyzed in SPSS Statistics.

Figure 18 demonstrates a general readiness of current students to work with AR in the future in
such areas as training and tele-maintenance. As can be seen from the chart although there are
young people who do not show readiness to work with AR technology, the prevailing number of
students have a positive inclination towards applying it at work. The majority of respondents

(15,2%) assessed their desire of using AR in the manufacturing environment as 5, meaning they
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would like to work with the technology, 11,2% estimated their enthusiasm about this idea as 4,

and only 1 student (0.6%) completely refused the fact of utilizing AR in one’s work.

30 Mean = 4,16
Std. Dev. = ,838
N =86

20

Frequency

,00 1,00 2,00 3,00 4,00 5,00 6,00

Readiness

Figure 18. Histogram: students' readiness to work with AR

Another important statistical data derived from the analysis of students’ readiness to work with
AR devices is presented in Table 11. Different kinds of averages are found out to avoid misleading
information and conclusions. As can be seen from the statistics, the central location of the data
distribution (mean) is approximately equal to 4.2. It can be considered as a high point and level of
readiness from the students’ side. However, since the mean does not always manage to find the
‘center’ of data, especially when the distribution is more skewed, like in our case, it is better to ap-
ply and rely on the median to find an average. In this case median turned out to be even more
than the mean, implying that a more correct assessment of young people’s desire to use AR in
manufacturing work is 4.5. As was already mentioned before, the most common value chosen by

students was the mode of the data represents this fact one more time.

The last parameter to be analyzed regarding these two survey questions is the standard deviation.
It shows how disperse the obtained data. The higher it is, the further data is from the mean. We

could see that the greatest number of answers are concentrated around 4-5 values. That is why
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the deviation is only 0.84. It implies that the data is very close to the mean and has no extremes. It

shows the consistency in students’ opinions regarding the willingness to work with AR which can

be regarded as a promising sign for the future.

Table 11. Statistical data on students' readiness to work with AR

Statistics
Ne Valid 86
Missing 0
Mean 4,1570
Median 4,5000
Mode 5,00
Std. Deviation ,83758

It is also worth mentioning which features of the AR headset were considered crucial by students

for the training and tele-maintenance objectives. Table 12 covers the top three features for each

of these tasks.

Table 12. Survey: crucial features of the AR headset in different tasks

Training Tele-maintenance
User-friendliness 61,6% Speed of processing 62,8%
Graphics 58,1% User-friendliness 52,3%
Ergonomics 51,2% Graphics 47,7%

As can be noted from the responses, user-friendliness and graphics are very important for stu-

dents for both tasks. Young people stress that the technology should be easy to use and techno-

logically well-developed in terms of graphical representation. However, it is worthwhile paying at-

tention to a little change of one feature: two of the aspects remained the same as for the training

task, but the first position was taken by ‘speed of processing’. It can be explained by the fact that
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tele-maintenance includes the need for live communication with an expert. With a slow processing
speed, it will be very hard to provide a proper connection and will take a lot of time to complete
the task. Whereas training normally takes a lot of time and asks for a lot of new unfamiliar moves
and actions, and not well-created device in terms of ergonomics would add extra stress and dis-

comfort to the user.

Future of AR and challenges of its integration

Finally, students’ beliefs about AR’s future and doubts about it were necessary to be compre-
hended. Three main questions were raised: which areas of manufacturing will benefit most of all,
how high is their trust in AR future development in manufacturing, and which issues prevent the

technology from a successful deployment.

In your opinion, which field of the manufacturing
process can get the most benefits from AR?
1.2%

0.5

m Training for unrxperienced workers
m Guidance in assembly tasks for expert workers
m Order picking

Quality control

Product funciton testing (proposed by the respondent)

Figure 19. Survey: benefits of AR to manufacturing processes

In terms of areas where AR can contribute most of all, there was no common opinion among the
respondents. Responses mentioned various manufacturing processes in the proportion presented
in Figure 19. The area of training and guidance for expert workers should be paid extra attention

to in the future because if future talents consider them as the most promising ones in terms of AR
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contribution, it also means that they will be more willing to use them there. It is good to start inte-
gration from the areas which are the most trusted, and then workers can see benefits and be

more vulnerable to other changes.

Moreover, it is worth understanding to what extent students in general believe that AR systems
will develop and integrate into manufacturing. As can be observed from Figure 20, the general
trust in Augmented Reality as a beneficial tool in manufacturing is less than the readiness to work
with it. Although most respondents evaluated their belief as 4 (45.3%), which is still a good result,
there are a lot of hesitations if AR really will contribute to the manufacturing industry or not since

there are a lot of people who graded their beliefs 2 and 3.

Frequency

Figure 20. Histogram: trust in AR development in manufacturing

Although the assessment of trust level by students is rather low, the averages are not too down-
graded and can be even regarded as high considering all the existing problems of AR and general
people’s unawareness of the technology. Since the standard deviation is rather high (0.945) be-
cause of the small data distribution and its higher concentration around evaluation number 4 (=
mode), it is wiser to take the median as the main statistical parameter to assess the average level

of students’ trust in the AR development. In our case it turned out that 4,00 is an average extent
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facturing processes in the future (see Table 13).

Table 13. Statistical data on students' trust in the successful development of AR in the

manufacturing industry

Statistics
Ne Valid 86
Missing 0
Mean 3,76
Median 4,00
Mode 4
Std. Deviation ,945

Last but not least, it is of high priority to know which problems from the students’ point of view
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prevent AR from its successful integration into manufacturing. Although their opinion is not based

on the real facts since respondents are highly likely to not have access to the inner companies’ in-

formation and concerns. However, it is curious to know what obstacles the future workforce has in

mind and from what parties.
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In your opinion, what are the main factors that prevent the
integration of AR into the manufacturing industry? (Choose 3
options maximum)

Loss of attention while wearing glasses that can incearese
danger to workers (proposed by a respondent)

Immaturity of AR | 35.4%
Unwillingness of workers to change traditional workin
& 8 ¢ I 28.8%

processes

I 1.2%

Concerns of the manufacturing companies about their
, I 27.9%
data security

Unwillingness of the manufacturing companies to change
& g comp £ I 40.7%

traditional ways of working

Cost of the technology for the manufacturing companies [ NN 71.0%
Low awareness of the manufacturing companies about
I 40.7%

the benefits of the technology

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0% 80.0%

Figure 21. Survey: Challenges preventing integration of AR into the manufcaturing industry

The main reason that students claim to hinder the deployment of AR is the cost of the technology
for manufacturing companies. They are convinced that hardware and software are expensive now-

adays, and many companies cannot afford to buy and applying it in their processes.

It is surprising that future workers themselves mentioned the unwillingness of workers to utilize
the technology because of a lot of changes in working processes as the second essential preven-
tive reason (48.8%). Although other factors can be considered as more potential, not proved ones
since it is based only on guesses of respondents, this aspect should be considered more seriously

because it comes directly from those people who will use these devices in the future.

The same percentage (40.7%) stood for the reasons coming from the company’s side: its unaware-
ness of the benefits brought by AR systems and its unwillingness to change something in conven-
tional ways of work. Students are sure that companies also do not understand completely how the
technology works and what it can improve. Therefore, there is no demand and desire from their

side to use it. Moreover, even some adolescents concluded that new technology would bring a lot
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of changes inside the organization, which can be seen as a preventive factor to investing and em-

ploy it.

Such aspects as the immaturity of the technology and possible problems with security also were
mentioned as factors influencing the integration of Augmented Reality. Even a new issue was pro-
posed by one respondent: s/he mentioned that a technology can be dangerous for workers since

the display with augmented objects can be distracting and can lead to accidents in workplaces.

Extra comments

It would be remiss not to mention some comments given by students to the last open question
asking to share any other concerns or ideas they have about AR. Two responses were found con-

tributing to the research.

The first comment raises still a low level of trust in the technology and scare of being responsible
for its actions. It is thought that if something goes wrong with the AR devices, the worker, not the
technology, would be blamed for it. Thus, it is better for the worker just to rely on oneself than on

the computer.

Comment 1: ‘1 would not trust such technology helping to fix a machine. Because the responsibility
of fixing (and naturally doing something wrong) is on me, not on the machine. What if | do some-
thing wrong? Or the machine does not give the right directions etc. | definitely think in such a situa-
tion, a real competent and professional tech-support person can be trusted more, being a more re-

liable and effective problem solver.’

The second feedback concerns an idea not mentioned in this research yet. A student assumes that
with the conventional way of manufacturing work, a company can micromanage its employees
and consequently have control over them. If AR comes into action, it can take away this control

since workers are able to become more autonomous with this technology.
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Comment 2: ‘Progress like this gives more autonomy to the employee and takes it away from the
employer. Many big companies still want to micromanage their employees and this progress would

take away control over the employee.’

By and large, the questionnaire brought a significant value to the research. It predominantly con-
tributed to the third research question related to the perspectives of AR by highlighting ideas from
the future talents about this technology, their trust in it, and possible obstacles in the way of its

development.

4.3 Analysis of the author’s observation

Although the author did not observe the work of AR glasses in manufacturing processes, it was still
possible to make a few conclusions about the utilization of the technology in terms of some tech-

nical aspects and ergonomics.

Technically the virtual objects did not provide a very profound feeling of immersion. The way of
controlling and managing AR objects by gestures and voice was not very comfortable because the

technology did not always react or understand correctly what is asked.

Moreover, the ergonomics of the glasses was expected by the researcher to be better. Vizux felt
more like normal glasses, but the FOV was so small that it was very hard to see everything needed
without constantly turning one’s head. They were also not well-fixed on the head, and it was sup-
posed that they could easily fall in the working environment. HoloLens had a considerably bigger
FOV, and it was easier to perceive the world. However, they were much heavier than Vizux. After
5-10 minutes of playing (not even working with them), it was already too heavy and not comforta-
ble for the head and neck. And even after a such short time of working with the technology, head-

ache appeared.

It was also noted that it is complicated to perceive a real and virtual world at the same time.

Sometimes brain did not understand with which one a person should interact. It can bring possible
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danger to workers since a manufacturing environment is much more hazardous than just a simple

room.

Thus, it was very useful to try the technology, but analyzing the whole work with the device, it
turned out to be less developed than the author believed. It is still not so technological, ergo-
nomic, and well thought-through. Although it is hoped that the next models of Vizux and HoloLens
overcame significant enhancements, the author’s opinion about the current versions of AR glasses
is that the technology is promising and can improve manufacturing processes, but there are still a

lot of changes to be done before it can be completely acceptable for this purpose.

5 Discussion and Conclusions

In this final chapter, conclusions about the whole research are drawn. Firstly, research questions
are answered, and the contributions of the work are described. Secondly, the author evaluates the
research process and the quality of its findings. Finally, research limitations and implications for

the further research are revealed.

5.1 Answering research questions

The main objective to screen potential pathways of how Industrial Augmented Reality can contrib-
ute to smart manufacturing in the future from its current state as practiced by manufacturing

firms was achieved with the help of answering research questions.

RQ1: How is AR currently used in processes of smart manufacturing?

It was examined and found out that there are a lot of areas in manufacturing processes that can
benefit from the AR utilization. The most prominent examples were mentioned and described in

this work and their summary is presented in Figure 22.
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Product design

Product function
testing

Training
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Quality control
and inspection

Figure 22. RQ 1: AR application in manufacturing processes

It can be observed that almost at each stage of product production a manufacturing company can
gain advantages from using Augmented Reality systems. Moreover, there are already a lot of ex-
amples of the technology’s real-life application in such companies as NASA, Boeing, Volkswagen,
BMW, Airbus, Porsche, and many others. Although it is difficult to gain access to the inner infor-
mation and understand the real value of the technology for the company, the start of its global in-

tegration should be already considered a promising sign.

However, in spite of the fact that there are notable number of use cases, the technology is still
mostly at the stage of pilot projects. It is in general not so intensively used as it is presented, and
its usage is mainly limited by big corporations because small and medium enterprises in most
cases cannot afford this technology. The causes of AR still being on this stage and not being able to

integrate massively are exposed in the research question two.

RQ 2: What are the current challenges that hinder the adoption of AR in smart manufacturing?

There is still a need for significant enhancements in the sphere of IAR. There are a lot of factors
that hinder its successful integration into manufacturing companies. These challenges relate not
only to the technology itself but also to the mindset of management and workers and the active

participation of third parties.
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The biggest part of the reasons was widely described in the literature review, then a few new no-
tions were added during the primary data analysis. Hence, it was decided to sum up all the ob-
tained information in a descriptive manner to have a whole picture of existing and potential issues

of AR adoption in smart manufacturing.

Technical side

The first challenge relates to the hardware and software of AR. The technology on which a com-
pany’s benefit depends on should be flawless in its execution. Nevertheless, it is still not the case.
A lot of technical problems that need enhancements are reported, for example, tracking, author-
ing, or latency issues. The lack of standardized solutions also makes the technology more time-
and money-consuming. Apart from it, the interaction of humans with the technology should in
general be improved so that the latter one does not hazard the former one, and they work ‘in co-

operation’.

Continuing the theme of dangers to a human-being, ergonomics is another very important and
consequently mentioned theme. AR headsets are not appropriate for work lasting longer than 2-3
hours, and even within this time there are some side effects noticed. First of all, the device is very
heavy, and a worker is highly likely to have physical aches after its usage. Secondly, constant work
in a small field of view and with appearing virtual images can be very complicated to manage. It
can influence both the physical and mental health of workers and lead to such problems as dizzi-

ness, eye tiredness, headaches, etc.

Organizational side

The last category of challenges, and probably the most widely discussed and considered as one of
the biggest reasons for integration hardships, is organizational changes. A lot of actors and facts
should be taken into account: management, workers, and other third parties connected with AR

development.

Another problem is a lack of knowledge inside the companies of the technology, its functioning,

and its benefits. A difficulty for AR to integrate into manufacturing organizations can be explained
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by the fact that they do not know the technology and what it can bring to them. Neither manage-
ment, nor workers are aware of it, and the problem is that it is still unclear who should bring this
knowledge to them and how: if it should be educational institutions, companies providing AR ser-

vices, governments, or someone else.

Besides, sometimes there is the unwillingness of both management and workers to change con-
ventional processes by introducing a new technology, changing all systems, way of work, organiza-
tional structure, and a lot of other alterations. From the management side, it also adds extra con-
cerns in terms of money (investment risk) and time (personnel training, seeing the benefits). For

the employees it is in general stressful and asks for a lot of effort to accept and trust the machine.

Finally, AR raises a lot of security-related concerns. Companies need to give access to their manu-
facturing information to a third party (AR-providers) to integrate devices into the inside industrial
processes. Workers also worry about it since they can feel ‘surveilled’ while working. However, it is
the problem connected with all electronic devices inside the company that have access to the
company’s private data. It means that technology should have a very high level of security without

any flaws which in terms of AR is still very time-consuming and expensive to do.

RQ 3: What are the future perspectives of AR development in the manufacturing industry as seen

by current Al and manufacturing experts in comparison to the future talents?

Considering the state of AR utilization in manufacturing companies, the existing challenges for its
further successful development, opinions of experts and the future workforce, the third research
guestion about future perspectives of AR deployment in the manufacturing industry can be an-

swered.

On the one hand, it is thought by the present-day experts that in a period from 3 to 10 years AR
technology will improve to an extent so that it can be massively integrated into manufacturing
processes and bring the maximum benefits. For this forecast to come true several requirements
should be met. Firstly, all mentioned challenges that AR has nowadays should be solved or at least

their state should be considerably improved so that there are no big doubts and dangers for using
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it. Without solving problems and trying to add something else or push companies to use the tech-
nology, there will be no success since it will just lead to its failure and rejection. Secondly, some
combinations with other technologies that can increase the efficiency of AR should be found. Even
some parts, processes, or the way of functioning of other inventions that can bring benefit can be
added to AR systems. For instance, 5G for Industry can enhance the online communication part of
AR technology. Another example of technology combination that is very promising is AR with Digi-
tal Twins. Influencing each other mutually, they can affect each other’s development and integra-

tion into manufacturing considerably.

On the other hand, the future talents are still doubtful about the way of AR further development
in manufacturing industry. A lack of homogenous opinion about the future of the technology can
be explained by different reasons, one of which is unequal distribution of knowledge about AR
among current students. Therefore, addressing this issue as well as paying special attention to the
opinions and readiness of future workforce is of high importance because if they are not ready to
accept the technology, work with it, and/or do not have trust in its usefulness, it will be very com-
plicated to integrate AR devices without workers’ desire. It is essential to increase the conscious-
ness of students of AR and other technologies as well already now. The more one knows some-
thing and the more one understands how it functions, the more trust there will be because all

positive and negative impacts will be known.

5.2 Theoretical and practical implications

Conducted research contributes both theoretically and practically to the studied issue.

As for the theoretical implications, some already existing knowledge regarding AR is firstly summa-
rized in the literature review. It is considered an important contribution because the author found
that some works on this topic lacked comprehensiveness and an overview of the problem from
different sides. There are some good researches in this area, but they are more specified on one or
a few aspects. It is beneficial to take information from these profound researches and combine it
in one taking past, present, and future of the technology into account, as it was done in the cur-

rent research, to understand the whole situation.
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Secondly, the opinions of experts who deal with this technology nowadays contributed to the the-
oretical knowledge. The technology does not stop in its progress, and even some notions and facts
from 2 years ago can be already not valid. Opinions about the state of the technology nowadays
including its current application in companies and challenges, as well as predictions and view-

points about its future were discovered and analyzed.

The last theoretical implication relates to the future workforce’s view of the technology, in partic-
ular, their trust in it, readiness to work, ideas about its usefulness, problems, and future in general.
Theory needs to consider this data as well since it can give an understanding in which directions it
is better to improve and what to expect from people who will take control of manufacturing firms

in the future.

There are two main practical implications. This research shows to AR-producing companies which
drawbacks the technology has. It creates a practical future development path for them to follow

and reveals what particular aspects they need to improve in the following years.

Another conclusion that should be taken from this research and put into action is the urgent need
of increasing companies’ and the younger generation’s awareness of AR. Educational institutions
should teach students about its functioning and possibilities so that they are more open to the
technology and can in the future bring this knowledge to companies. Besides, companies that pro-
duce and distribute AR technology should bring consciousness to the companies about AR sys-
tems. Enabling understanding, providing examples, and explaining real-life solutions and benefits,
they can accelerate acceptance of the technology and its integration into manufacturing pro-
cesses. Apart from it, if the government aims to make advancements and enable progress in the
manufacturing industry, they should provide more support to the technologies that can do it, in-

cluding AR as well.

5.3 Assessment of research process and results quality

The research followed the initial implementation plan and chosen research methods described in

Chapter 3 (Methodology and Implementation). The whole process took about 10 months. Data
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was collected and presented in a clear structured way. A plan for the research quality and ethics

was also complied with.

The results of the research must be both reliable, implying that they will produce the same results
if repeated, and valid, meaning that they measure what they are supposed to (Saunders et al.,
2012). There are a lot of factors that can influence it and that are very hard to be spotted and con-
trolled. However, the researcher should try to do the maximum so that the result of the work

meets standards and requirements.

As for the reliability of results, it is believed that responses and findings would remain the same
with interviews and survey are conducted again. Validity is also considered to be at a high level
since it is thought that respondents and researcher did their maximum to provide valid results and

exclude as much as it is possible the influence of biases.

Interviews were all conducted either in the morning or afternoon in the suggested, thus comforta-
ble for the expert, time. All biases mentioned in subchapter 3.3.2 (Primary data) were considered
and tried to be avoided. Questions followed each other logically and allowed us to understand an
expert opinion because they were focused on the theme and did not go out of the field of the re-
searcher’s interest. Besides, there were no questions that can touch or offend one’s personal life,
opinions, or beliefs. The experts were also not pushed to answer any questions if they do not want
or do not possess the knowledge needed for a proper answer. A needed time to think about re-

sponses was always provided. Information about the usage of gained data was given.

The questionnaire was built according to rules and with avoidance of possibly emerging biases
(subchapter 3.3.2). It was re-edited several times and tested before reaching the respondents. No
one was forced to answer the survey. The links were sent in the afternoon on a working day in
March which is important because it was not the time when students go on vacation. Thus, there
was no hurry with answers: respondents could take their time, and the researcher could wait pa-
tiently for enough answers. The purpose of the survey and the way how it will be used were also

mentioned there. Questions that checked the attentiveness of the respondents were also in-
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cluded. There were some connected questions but asked in different manners. Consequently, an-
swers which did not have sense in these ‘checking points’ can be considered not credible enough.

The questions were clear and should have been understood by all respondents.

Another factor that is worthwhile mentioning is that a researcher tried to stay objective while ana-
lyzing the data and present it in a neutral way. The author also does not represent any organiza-
tion or company, thereby all mentioned companies or dis/advantages of the technology come
from the analysis of primary and secondary data. The personal observation of the author with AR
added credibility to findings since there was a possibility to check in real life if mentioned chal-

lenges and opinions about the device genuinely exist and correspond with reality.

Even though the results are regarded as reliable and valid, some factors could influence these as-
pects of the research. The sample of the research was not big and heterogeneous to make global
generalizations and conclusions about the topic. That is why generalizations and some conclusions
in this research should be more seen as proposals and aspects that should be paid extra attention

to and studied more carefully.

5.4 Research limitations

There are some factors that limited research. The first one was already partially mentioned in the
previous section: it concerns the small size and homogeneity of the interview and survey respond-
ents due to the lack of the student’s connections and sources. 6 interviewees and 86 survey re-
spondents cannot represent the whole picture and reflect the global situation. Furthermore, ex-
perts were originally only from two countries (Finland and Russia), thus they can mostly observe
the subject in terms of their country/company and more superficially regarding others. The geo-
graphical situation was better among respondents since the difference in countries varied a lot.

Nevertheless, 1-2 people from some countries cannot truly show the opinion of everyone.

Another important fact that should be mentioned about interviewees specifically, it lacked a man-
ager or worker in the manufacturing industry. Both those who already use this technology, and
those who do not apply it or even do not know anything about it would be useful. It is valuable

and important to gain information and opinions from inside the company because it is them at the
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end who will use the technology, but it is complicated to make a company share some data from
inside. Therefore, it is hard to find out from the companies who already use AR what truly the ben-

efits are or how ready those who do not utilize it yet to start its integration.

In addition to it, such aspects as time constraints and narrowing down the research theme in the
frame of a bachelor thesis limited the researcher and influenced chosen methodologies and conse-

guently the content of the work.

5.5 Implications for further research

Augmented Reality has already started its path of development and integration, however, there
are still issues to be solved. This research covered a considerable part of AR’s current state, prob-
lems, and future and comprised opinions of different people on this technology. However, there is
yet work to do and issues to be studied. Some implications for future research are proposed in this

section.

1. The more considerable amount of people for interviews, especially from inside the manufactur-
ing and AR producing companies, and surveys can be found and questioned. Such research in
terms of the same theme will provide a wider, global, and more credible overview of the problem

and will highly likely bring up new problems or solutions.

2. Research regarding the solution to existing AR challenges can also be done from the technologi-
cal and psychological sides. The former one will address at more profound level problems con-
nected with the hardware and software of the technology and propose possible solutions. The
psychological side can scrutinize the problem of people’s awareness of the technology and its ac-

ceptance and try to solve this urgent issue.

3. Another suggestion for a research topic can be AR in combination with other technologies. For
example, it was mentioned that AR and DT are a very promising mix. It is also possible to research
which impact 5G for Industry can have on Augmented Reality. Both of these topics can be studied
more deeply and bring an understanding in which ways these technologies can influence each

other, where and how to use them and what potential problems can appear.
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4. The last future research implication is AR and Industry 5.0. There are already discussions about
Industry 5.0 that will concern European industry and focus on its sustainability, human safety, and

resilience. It can be studied how Augmented Reality can contribute to this new industrial era and

its purposes.
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Appendices

Appendix 1. Interview Sample Questions

10.

11.

\Could you, please, tell me about your professional background and current work?

Could you, please, specify, in what ways or for what purposes you use or relate to AR at work?
What is your opinion/point of view on AR based on this experience?

How mature do you think the current AR is?

Are you familiar with the concept of smart manufacturing? What does it mean to you
personally?

What are the main areas/stages of the manufacturing processes, in your opinion, which can
benefit from the application of AR? Specify its positive impact.

Do you know how and where AR is currently of use in manufacturing processes?

What are, in your opinion, the current challenges that hinder the adoption of AR in smart
manufacturing? Where in the “value nets” are the challenges? What are the missing resources?
What are the most significant changes that should be done to accelerate the process of AR
integration? And in which level/organizations the improvements should be made?

What are, to your mind, the future perspectives of AR development and its deployment in the
companies of manufacturing industry?

Can you imagine and describe a positive scenario or a negative scenario of AR input into smart
manufacturing?

Is there anything else you want to add, or you think | should know about this topic?
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Appendix 2. Survey

Augmented Reality

Nowadays an active development of technologies that allow blending physical and digital
worlds takes place. In this research, we focus predominantly on Augmented Reality (AR). In
comparison to Virtual Reality (VR), which replaces the real world and moves a person
somewhere else in a virtual one, AR adds to reality, projecting information on top of what a
person already sees. One of the most prominent examples of AR would be Snapchat
masks and PokemonGo.

Here is a video summary: youtu.be/vz0UUVDt2ps?t=44 (0:44-1:00).

The objective of this survey is to measure the level of the students' knowledge about
Augmented Reality. The survey takes about 5-10 minutes. All information is anonymous
and will be collected and examined only in frames of my thesis.

@\ bronitsina@gmail.com (not shared) Switch accounts &

Next Clear form

Never submit passwords through Google Forms.

This content is neither created nor endorsed by Google. Report Abuse - Terms of Service - Privacy Policy.

Google Forms



Augmented Reality

@ bronitsina@gmail.com (not shared) Switch accounts )

*Required

What is your study field? (Try to choose the closest one and use ‘others’only in =~ *
case you cannot connect your degree with any of the below-mentioned options)

Agriculture

Arts

Business, administration and law

Education

Engineering, manufacturing and construction
Health and welfare

IT

Social sciences

Other:

O O0OO0000O0O0O0

What is your gender?

() Male
() Female

() Pprefer not to say

() other

What is your age?

() <18

() 1825
26-35
36-45

>45

OO O0O0

Prefer not to say

Country *

Choose -
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Have you ever heard about ‘Augmented Reality' (AR) before? *

() ves
() No

() Notsure

Do you think you have already used Augmented Reality in your life? *

() Yes
() No
() Notsure

Has AR ever been the subject or a part of a course you have taken? *

() Yes
() No
() Notsure

Back Mext Clear form

Mever submit passwords through Google Forms.

This content is neither created nor endorsed by Google. Report Abuse - Terms of Service - Privacy Policy

Google Forms
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Augmented Reality

@ bronitsina@gmail.com (not shared) Switch accounts )

*Required

AR Application in Smart Manufacturing

This survey focuses on AR development and application in manufacturing. AR devices and
applications can provide instructions, support, location of needed details, and much more.
They can bring benefits to bath workers themselves and companies. However, this
technology is only starting to ‘gain momentum’ and still has a lot of challenges to
oVercome.

Have you ever had a personal interest in the topic of AR application in
manufacturing?

() Yes
() No

Have you heard about any company that uses AR technology in its manufacturing *
processes?

() Yes
() No

If yes, please, specify which ones.

Your answer
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Imagine that you started to work in a corporation that produces automobiles. All  *
new workers of the assembly line should complete one week of training. Instead

of being taught by a person, they are provided with a headset of AR glasses which
show instructions about the assembly process. Would you be ready to use such

AR glasses for your training?

Definitely would

In your opinion, what are the features of the headset that in this case would be ~ *
the most important? (Choose maximum 3 options)

Ergonomics

Graphics

User-friendliness

Speed of processing

Battery autonomy

Privacy and security of information given and stored

Feeling of immersion and collaboration

O0o00000O00

Other:



Imagine you are working in the same company for a year, and there is a breakage *

of the machine. You have never faced this problem before, and you do not know
how to fix it. Luckily, you have AR glasses that can connect you with an expert
who will guide you step by step (i.e pointing at objects, drawing, and showing
pictures/videos via glasses). Would you be ready to use AR glasses in such a
situation?

Definitely would not O O O O O Definitely would

In your opinion, what are the features of the headset that in this case would be
the most important? (Choose maximum 3 options)

Ergonomics

Graphics

User-friendliness

Speed of processing

Battery autonomy

Privacy and security of information given and stored

Feeling of immersion and collaboration

00000000

Other:
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In your opinion, which field of the manufacturing process can get the most
benefits from AR?

O Training for unexperienced workers

(:) Guidance in assembly tasks for expert workers

(:) Order picking (help in finding correct details in a warehouse)

O Quality control

O Other:

To what extent do you believe in the development of AR in manufacturing
processes?

Very low O O O O O Very high

In your opinion, what are the main factors that prevent the integration of AR into *

the manufacturing industry? (Choose 3 options maximum)

D Low awareness of the manufacturing companies about the benefits of the
technology

Cost of the technology for the manufacturing companies

Unwillingness of the manufacturing companies to change traditional ways of
working

Concerns of the manufacturing companies about their data security
Unwillingness of workers to change traditional working processes
Immaturity of AR

Other:

(I I O 3 A

Are there any other issues related to AR that you would like to raise?

Your answer

Back m Clear form

Never submit passwords through Google Forms.

This content is neither created nor endorsed by Google. Report Abuse - Tenms of Service - Privacy Policy

Google Forms



