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Abstract 
With today’s smartphones and smart glasses, and the progression of augmented reality, the possibilities 
to interact over distance has made it feasible to guide one another in an intuitive and effective way. This 
combination of technology and software principles allows a local operator to record a scenario from his 
or her point of view and show this to a remotely located expert. An expert can, in turn, help the operator 
by interacting through that video feed by highlighting aspects and overlaying information for the operator 
to see. The aim of this study was to investigate how such a system should be configured if it were to be 
implemented in the context of final assembly of military aircraft. 
 
An understanding of the context and situations where external help might be needed was established 
through an ethnographical study. User tests were conducted with an existing system in comparable cases, 
inspired by results from the first study. This in order to evaluate the configuration of the hardware and 
interactivity. Results indicate that it is useful to implement a remote guidance system which allows 
augmented overlays in the context of final assembly. A greater need for such a system was found in 
situations in which a subject matter expert must investigate and assess issues and errors that has 
occurred. These scenarios are often characterized by differentiating environment, from cases where there 
is a good overview to situations in which the mirrors must be used to see from the right angle beyond 
one’s field of view. A remote guidance system should be able to support both cases and must, therefore, 
be modular in a way so that an external camera can be used to reach in while the screen can be seen 
simultaneously. Regarding the need for interaction between interactors in such situations are limited. The 
user studies indicate that simple referential gestures on frozen images of a video feed might be enough. 
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 Introduction 
Saab AB is a Swedish based company that develops a wide range of products for military defence and 
civil security within the areas of air, land, naval, security, and civil aerospace (SAAB AB, 2018). The most 
well-known product is the military aircraft Gripen that is developed and manufactured by Saab 
Aeronautics in Linköping. Producing and manufacturing military aircraft´s like these is a complicated 
matter with a lot of rules and regulations that leaves room for a minimum amount of errors. However, 
as with most manufacturing processes, issues will occur. Whether it might be design faults, errors in 
work instructions or just human errors. Assembly errors and other issues are from time to time found 
and caused by the assembly workers on Saab. Some might be solved directly by the assembly worker, 
but most errors and issues must go through a process in which the errors and issues are looked upon 
and analysed by one or several subject matter experts (SME) so that a correct solution can be given, 
thus avoiding that the same issue does not occur again. A need for assistance from SME is therefore 
an important part of the assembly line. 
 
The best way to come up with an elaborated solution for most issues is to have these experts nearby 
so that they have the possibility to look on the issue first hand and discuss it with the assembly worker 
or other experts. However, this direct co-located communication is not always possible. With a 
globalised world where companies tend to move production closer to the end-market, it gets more 
challenging to aid in an efficient way when issues occur (El Maraghy, 2006). This might also create new 
situations which cannot be solved by the local experts. The globalisation puts a demand on 
technologies and instructions to work in a different time-space context (Mediavilla & Netland, 2013). 
In many cases consulting with experts through telephone might be enough. A local assembly worker 
can depict the situation through voice, text and sometimes pictures. Still, this is an inefficient way of 
solving problems and personnel might have to be flown in, which is expensive. With plans of moving 
some of the production of Gripen E to Brazil (Saab Press Centre, 2018), Saab Aeronautics is no 
exception to this globalisation and the problems that can occur with it. Strategies, methods, and 
technologies need therefore to be developed and evaluated to handle potential issues that occur 
across the Atlantic sea.   
 
One technology that can aid in such situations is collaborative systems and more precisely remote 
guidance. These systems allow for one or several remotely located experts to see a scenario in real 
time through a live video feed (Fussell et al., 2004). With this, a deeper understanding of the situation 
can be obtained, and better support, guidance, and instructions can be given. Several kinds of 
problems and misunderstandings may be averted. Furthermore, by being able to interact through that 
video feed, such systems get even more comprehensive. With the help of augmented reality (AR) 
virtual objects, such as images, texts, symbols, etcetera can be overlaid onto the video feed, enhancing 
the interaction (Billinghurst, Clark, & Lee, 2015). Experts can thus visualize by using gestures and 
annotations. Systems that allow remote guidance through a video feed with augmented reality 
overlays has been widely researched (Wang, Ong, & Nee, 2016; Zhou, Duh, & Billinghurst, 2008). A 
focus in studies that explore these types of systems has often been on hardware and ways of 
interacting through the video feed. However, few studies have been conducted with a specific use case 
and none has been found where that scenario is the production of military aircraft. As described by 
Wang, Ong, and Nee (2016) as well as Zhou, Duh, and Billinghurst (2008) there is a need for rigorous 
formal user tests with collaborative AR-systems. 
 
 
 
 



2 
 

1.1 Purpose and Research Questions 

The purpose of this study was to investigate remote guidance that allows augmented reality overlays 
in the context of final assembly of military aircraft at Saab Aeronautics. The aim was to generate a first 
description of what fundamental aspects that should be considered regarding the configuration of 
hardware and interaction possibilities if such remote guidance system were to be implemented in final 
assembly. This in relation to situations where an assembly worker needs assistance from a remotely 
located subject matter expert. From this aim the following main research question was asked:  

RQ1. What situations occur today where a subject matter expert need to examine an issue and 
how are these generally solved? 

RQ2. What type of hardware would be suitable in this context? 
RQ3. What would be a suitable way of interacting through a remote guidance system in this 

context? 

1.2 Global Assembly Instruction Strategies 

The project was conducted as a part of the government founded project GAIS 2 (Global Assembly 
Instruction Strategy) that sought to investigate the problematics revolving globalisation in 
manufacturing and strategies to support this. In a collaboration between Chalmers University, 
University West, Volvo GTO, XMReality, Combitech, and Saab Aeronautics the project aimed to study 
the exchange of information and knowledge within a global production network (Fasth Berglund et al., 
2016). This was studied by examining present-day manufacturing engineering processes, how 
software, as well as hardware, could be used and how these affect the globalisation of companies. 
Saab Aeronautics’ interests in this were to study how learning curve and the number of non-value-
adding tasks in production for assembly worker could be decreased. This by examine how technology 
could be used to educate, spread and share knowledge, as well as develop better assembly instruction 
(Fasth Berglund et al., 2016). 

1.3 Scope and Delimitations 

To answer the earlier stated purpose and research questions the thesis was divided into two studies. 
The first study was meant to answer the first question, to study the domain and the users in it. This to 
investigate the context, how issues are solved and the interaction between individuals and the 
problem at hand. Results from the first study were used to create two comparative situations in which 
a remote guidance system was evaluated. This system consisted of two types of hardware, handheld 
devices, and head-worn display. With this second study, the second and third question was meant to 
be answered. 
 
This thesis did not consider any other domain than final assembly of the military aircraft Gripen at Saab 
AB. The study does not cover all types of issues at final assembly, only situations where an issue needs 
to go through a process to be solved. Issues in which one or several SME must investigate an issue at 
hand and investigate it further at their workstation. This does not include situations where an assembly 
worker asks for help from more experienced colleagues. Furthermore, the thesis has only studied the 
type of situations that was currently occurring with the new aircraft Gripen E. Thus, situations that 
might occur when manufacturing is done in Brazil is not investigated. Issues regarding security and that 
it is a military product was not treated due to lack of resources. 
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 Theoretical Framework 
This section of the study provides with the background and theoretical framework for the thesis. In 
this Augmented Reality will be described as well as a collaborative system and more precisely remote 
interaction with the help of augmented reality. Lastly, user studies revolving usability and utility will 
be described. 

2.1 Augmented Reality 

Since the works of Sutherland (1968) explored the concept of integrating virtual information onto the 
real world has been explored, tested and evaluated in several areas and context (Billinghurst et al., 
2015). However, it is was not until the early ´90s and with the works of Caudell and Mizell (1992) that 
research about this concept really took off. In this, exploration of how work instructions could be 
presented onto a worker’s field-of-view was explored (Caudell & Mizell, 1992). Through this work, the 
term augmented reality (AR) was coined and described as technology that enhances the real world 
with virtual, computer generated, information. 
 
This concept of AR can be seen in a virtual continuum that stretches between a real, naturally perceived 
environment to a fully immersive virtual one (Milgram & Kishino, 1994), see figure 1. In between these 
different ends of the spectrum, Milgram and Kishino (1994) describe different ways of merging, mix, 
them, thus creating a mixed reality. The closer to a virtual environment one moves on the continuum, 
less information from the real environment is integrated into the mixed reality. AR can be seen on the 
left side of this continuum, where the real environment is naturally perceived but enhanced with 
virtual, computer generated, information as a part of, or overlaid onto it, and in relation to that real 
environment (Azuma, 1997; Billinghurst et al., 2015; Milgram & Kishino, 1994). In contrast to the 
concept of AR is the concept of Augmented Virtuality, in which information from the real world is 
added to a virtual environment (Milgram & Kishino, 1994). Neither, AR, AV, nor VR are fixed on this 
continuum but are fluent and dependent on the amount of virtual information that is included 
(Billinghurst et al., 2015; Milgram & Kishino, 1994). 
 

 

Figure 1. Milgram’s virtuality continuum (Milgram & Kishino, 1994). 

2.2 Augmented Reality Technology 

Through the advancement of both hardware (such as displays, cameras, microphones, and other 
sensors) and software, AR has become increasingly integrated into the daily life for many people 
(Billinghurst et al., 2015). It can be experienced and developed for various cases for both daily and 
working life through several types of devices, whether they might be worn, held, or stationary 
(Billinghurst et al., 2015; Craig, 2013). Amongst these devices that can facilitate the principle, those 
worn on the head has been researched the most. These allow users to experience AR directly in relation 
to his or her environment and what is currently looked upon. Other terms for these types of displays 
are near eye displays, face mounted displays, head-mounted displays, or head-worn displays (HWD) 
(Billinghurst et al., 2015). Onwards, the term HWD will be used to describe these types of devices. 
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Through the advancement of research and innovation, several types of HWD exist which can vary in 
both size and configuration. The HWD can be in the form bulky safety helmets to lightweight 
spectacles. These devices may also facilitate different ways of projecting the experience, where they 
can be monocular, using one display to show the virtual information in front of one eye, or binocular, 
using two displays, one for each eye (Billinghurst et al., 2015; Craig, 2013). 
 
Another type of devices is those that can be held or worn on the body (Billinghurst et al., 2015; Craig, 
2013). To these include smaller projectors and hand-held devices (HHD) such as smartphones and 
tablets. A third type of display described by Craig (2013) is stationary devices, which are often fixed 
displays that cannot be moved around as easy. These stationary devices do not give any personal 
experience as HWD or HHD. On the other hand, a shared experience can be created that facilitate 
interaction between several people. Devices such as TV or computer screens are included in this 
category (Craig, 2013). The personal experience that HWD and HHD creates allow the user to go 
beyond a stationary display and move around freely in the real environment (Billinghurst et al., 2015). 
 
These ways of displaying AR can, in turn, be configured and experienced in several ways. One is in first 
person, through which a user may see through a video feed where virtual content is applied onto. A 
second type is called virtual mirror, where the experience is in second person that allows a user to see 
themselves on a screen that is augmented with virtual content. Augmented desk is a third way that is 
described as a system that allows a user to see a video feed of their work environment on a screen in 
front of them. Lastly, is third person experience, remote AR, through which a remote user get a video 
feed with virtual content from another place (Billinghurst et al., 2015). 

2.3 Collaborative Systems 

The field of computer-supported cooperative work aims to develop software for commonly available 
platforms intended to be used in end-to-end support of communication, collaboration, or coordination 
of tasks for different environments and context (Grudin & Poltrock, 2012). Depending on synchrony, 
locality, and scale, collaborative systems and interaction through it can be seen upon in different ways 
(Schooler, 1996). Interaction can occur in different time spectrums, synchrony, either it is occurring in 
real time, synchronous, or at different times, asynchronous. This, in turn, can occur in different places, 
locality, where interaction might happen in co-located or in distributed situations. Furthermore, the 
scale is the degree to which how many collaborators a system supports, single-user or multi-user. If 
combining the dimension of synchrony and locality a two by two matrix cab be created, see table 1. In 
this matrix collaborative systems can be seen upon in different ways depending on how 
communication might occur; at a given time and at the same location, a given time but in different 
locations, at different time but at the same location, or at different time and place (Schooler, 1996). 
 
Table 1. The matrix over collaborative systems. Inspired by Schooler (1996). 

 
Synchronous Asynchronous 

Co-Located 
E.g. face-to-face interaction; 
meetings, classroom, etc. 

E.g. shared workspaces; leaving 
notes and messages, etc. 

Distributed 
E.g. Distributed teams; telephone 
calls, Collaborative systems, etc. 

E.g. Individual self-study, leaving 
messages; email, forums, etc. 

 
The different situations described in the taxonomy has different advantages and disadvantages. When 
it comes to discussing, inspecting and interacting towards a physical task direct instruction and help 
from a co-located expert is far better than relying on manuals. Co-located experts and technicians that 
work together on the same location are more efficient than if they would be remotely located from 
one another (Friedrich, 2002). But it is not always possible to have a more cunning person nearby when 
guidance and instructions are needed. In several occasions’ instructions in the form of video or pictures 
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with texts might be enough to execute a task. However, situations will occur where a person needs 
help from a more experienced person or a subject matter expert (SME). In some situations, several 
users might need to interact with one another. A tool that can support multi-user interaction, as well 
as single-user interaction, might be needed (Schooler, 1996). 

2.3.1 Remote Interaction 

Synchronous remote interaction can be accomplished in several ways and for several different 
purposes. It could, for example, be to collaborate, where two or more persons work together towards 
a physical task – that is remote collaboration (RC) (Fussell et al., 2004). Another purpose could be to 
instruct and guide a worker, but not necessarily towards a physical object – instructional collaborative 
tasks or remote guidance (RG). However, to support different situations remotely can be cumbersome. 
Not at least when the situations are characterized by dynamic workflow and continuously changing 
environments where the involved continuously need to readapt. In these situations, technical solutions 
are needed that enhance the work towards a task (Nilsson, 2010).  
 
A rather simple solution to support these types of synchronous remote interaction is through a live 
video feed in which the remotely located person see the situation, the task. This shared view of a 
situation enables and supports a common understanding towards a situation and the task at hand as 
well as improves the performance in a collaborative task (Fussell, Setlock, & Kraut, 2003; Kraut, Gergle, 
& Fussell, 2002). A simple video feed as this has been proven to be significantly better in terms of 
efficiency and quality compared to simple instructions through recordings or images (Kraut, Miller, & 
Siegel, 1996). As one can imagine it is less effective to interact through a video feed than talking to an 
expert face-to-face in a co-located situation (Fussell, Kraut, & Siegel, 2000). In order to create efficient 
remote interaction, it is not enough to create a shared visual context, even though it in some extent 
can improve coordination and common understanding of what is happening (Fussell et al., 2004; 
Gergle, Kraut, & Fussell, 2013; Kraut et al., 2002). Aspects that comes naturally in co-located situations 
can be quite difficult to simulate in a natural manner in situations where two or more people are 
distributed. One aspect is the feeling of the presence of another person, that is co-presence 
(Billinghurst, Weghorst, & Furness, 1998), a feeling that is often considered important in collaborations 
due to that it positively affect the efficiency in the interaction.  
 
Another aspect that affects efficiency is the way in which people naturally interact with one another 
(Fussell et al., 2000). Non-verbal cues and deictic gestures are constantly used in co-located situations 
to communicate. Such non-verbal cues can be representational gestures, for example pointing and 
nodding, to clarify, ground and augment their message (Bauer, Kortuem, & Segall, 1998; Fussell et al., 
2004). With these non-verbal cues, a higher degree of common understanding can be reached, and 
are therefore important when instructing someone through synchronous remote interaction (Fussell 
et al., 2004). Deictic references are the use of gestures and utterances towards objects in a context, 
such as “this” or “that”, something that enables short and efficient phrases and utterances ( Fussell et 
al., 2004, 2000). This deictic type of speech is fundamental for interaction and is needed to facilitate 
good and efficient interaction in remote interaction (Jones, Witcraft, Bateman, Neustaedter, & Tang, 
2015). 
 
By using principles of AR these mentioned aspects can be managed (Billinghurst & Kato, 2002; Wang 
et al., 2016). By overlaying virtual objects and annotation onto a video feed, the communication can 
be enhanced and allow for more deictic speech (Bauer et al., 1998; Fussell et al., 2004). An SME can 
through annotations and gestures instruct and guide a local worker in a much more effective manner 
with a fewer number of errors (Bauer et al., 1998; Fussell et al., 2004). Such remote guidance systems 
that augmented reality overlays will in the following be referred to as Augmented Remote Guidance 
(ARG). The feeling of co-presence and understanding of a situation can, however, be altered depending 
on the configuration of hardware, software, and context in which an ARG-system is used. Different 
hardware, how a situation is recorded, can be more or less suitable, whether it is through an HWD, 
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HHD, fixed camera or a remotely controlled camera. The way in which an SME may interact through 
the video feed can as well be dependent on the context. These aspects will be discussed in the 
following. 

2.3.2 Technology for Augmented Remote Guidance 

As with AR different type of hardware can be used to facilitate ARG. A criterion for these situations is 
that the hardware should support the mobility in a workplace, where a worker should be able to move 
freely (Gurevich, Lanir, & Cohen, 2015). Both HWD and HHD allow the mobility that Gurevich, Lanir, 
and Cohen (2015) refer to where they can be used in ad hoc, unplanned situations (Bauer et al., 1998; 
Gauglitz, Lee, Turk, & Höllerer, 2012). These types of hardware allow a worker to record a case, thus 
allowing an SME to get a better awareness of that situation and the surrounding that is recorded 
(Kraut, Fussell, & Siegel, 2003). HWD is to some extent more mobile than HHD because it is worn and 
not held. The worker can use both hands to execute a physical task and at the same time show where 
attention should be directed at(Fakourfar, Ta, Tang, Bateman, & Tang, 2016; Gurevich et al., 2015). 
Furthermore, HWD allows for a more consistent view of an environment compared to HHD. This results 
in marginally faster more proactive assistance from an SME in dynamic environments (Johnson, 
Gibson, & Mutlu, 2015).  
 
A risk with both HHD and HWD is that attention might get split between the task at hand and a display. 
Users of these types of devices must alter focus between the display and the environment due to that 
annotations and gestures are not projected in relation to the surrounding. This split focus may increase 
cognitive load and decrease performance (O’Neill et al., 2011). When interacting with and recording 
for a remotely located expert problems may arise due to the difficulties of holding the HHD or HWD 
completely still. To keep the video feed stable a worker may need to hold their body still in an unnatural 
manner for longer time periods (Adcock & Gunn, 2015; Gurevich et al., 2015). Failing to do so can cause 
a shaky and jittery video feed (Fakourfar et al., 2016; Fussell et al., 2003; Kim, Wang, Han, & Wang, 
2015), something that may confuse and lead to reduced feeling of control for the one helping, the SME 
(Gurevich et al., 2015; Huang & Alem, 2011; Johnson et al., 2015). A loss of this control may, in turn, 
affect the SME’s understanding of the situation that helps them to be more involved in the assistance 
(Huang & Alem, 2011; Lanir, Stone, Cohen, & Gurevich, 2013).  
 
In order to maintain the feeling of control, some researchers (Gurevich et al., 2015; Johnson et al., 
2015; Kurata, Sakata, Kourogi, Kuzuoka, & Billinghurst, 2004) proposes ways in which the SME has the 
command of the camera view. In this, an SME can choose an area of interest and regardless of what 
the worker may look at the camera still has focused on that desired area. Even though this is not 
necessary for performance it is helpful to get a better understanding and in turn improve 
communication (Lanir et al., 2013). Kurata et al. (2004) created and evaluated a system that allows 
SME to control a robotic arm with a camera mounted on the worker’s shoulder. Through this, the SME 
would be able to steer the camera a and point with laser onto the surrounding. The expert could both 
follow the persons’ point of view but look independently as well. However, the view was still 
constrained by the location and general direction of the worker. Furthermore, due to the movements 
from the one wearing the device, the video feed was also jittery. Gurevich et al. (2015) created another 
solution, TeleAdvisor, through which an SME could control a robotic arm meant to be placed at the 
works side. Two cameras and a projector were mounted onto this robotic arm. Through this, the expert 
was able to operate the robot, control the camera, and project annotations on the physical 
environment.  

2.3.3 Interacting through Augmented Remote Guidance 

By using a basic pointer of some sort, an SME are able to use referential gestures to direct a worker’s 
attention, and by this enhance the communication (Bauer et al., 1998). However, even though a 
pointer on a video feed may facilitate deictic interaction and referential gestures more complex types 
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of interaction is not supported (Gurevich et al., 2015). A combination as this is therefore not necessarily 
any better than communication through video and voice alone (Fussell et al., 2004). To enhance 
productivity and effectivity in interaction more multi facilitated gesturing is needed. Pen-based 
drawing on a video feed might facilitate such gesturing. Through this, a helper may enhance referential 
pointing but also write and articulate freely (Fussell et al., 2004; Gurevich et al., 2015). This allows for 
better guiding in complex situations and can support representational gesturing (Gurevich et al., 2015). 
 
Another way to enhance interaction is by showing and instructing with hands (Alem, Tecchia, & Huang, 
2011; Huang, Alem, & Tecchia, 2013; Huang, Alem, Tecchia, & Duh, 2018; Kirk, Rodden, & Fraser, 2014; 
Li, Mattsson, Fast-Berglund, & Åkerman, 2016). By overlaying hand gestures onto the video feed a 
more natural and intuitive communication can be obtained (Kirk, Crabtree, & Rodden, 2005; Kirk & 
Stanton Fraser, 2006) where a worker may find it easier to understand a helper if hand gestures are 
used in remote interaction (Gupta et al., 2017; Kirk et al., 2005; Kirk & Stanton Fraser, 2006). Regions 
of interest can be referred to in a more intuitive way (Gupta et al., 2017; Kirk et al., 2005) and if 
represented in 3D a higher degree of co-presence and understanding of spatial relationships can be 
achieved (Huang et al., 2018).  
 
Annotations, pointers and other ways of interacting through a video feed can be visualized in different 
ways depending on technology. The most common way is to represent 2D information onto the video 
feed. Another way is to project annotations directly onto or in relation to a physical object (Adcock & 
Gunn, 2015; Gurevich et al., 2015; Kirk et al., 2014). Projections as these can be seen as a natural part 
of the working environment, which lead to more effective conversations, where helpers do not need 
to tell where to look (Gurevich et al., 2015). This might also reduce a worker’s cognitive load, due to 
less need of switching focus as much as if the gestures or annotations are projected onto a screen 
(Gurevich et al., 2015).  

2.3.4 Issues regarding Augmented Remote Guidance 

A difficulty for both helpers and workers in an augmented remote interaction situation is that the video 
feed is in 2D. Because of this both workers and helpers may have difficulty in understanding a situation 
and the spatial relationships between objects in that video feed (Huang & Alem, 2011; Huang et al., 
2018). Deictic gestures such as pointing between aligned objects are both difficult to create and 
understand on a display (Gauglitz, Nuernberger, Turk, & Höllerer, 2014; Huang & Alem, 2011). With 
constantly moving and jittery video feed it gets even more difficult to point a region of interest. When 
a helper needs to interact through that video feed, the risk is that a target moves when the helper 
points or draw, which can make it difficult to annotate and can also lead to a loss of meaning (Fakourfar 
et al., 2016). To handle issues as these several approaches have been brought up as possible solutions. 
 
A rather simple approach is where a video is temporarily frozen, and interaction occurs through that 
image (Fakourfar et al., 2016; Gauglitz et al., 2014; Kim, Lee, Ha, Sakata, & Billinghurst, 2015). By 
freezing a frame, a helper gets a steady view of the situation and can easily make annotations onto 
that image. It is a simple but effective method that in many cases can be enough to support remote 
work, where it becomes easier to draw and make annotations (Fakourfar et al., 2016). However, when 
a helper freezes a video feed, he or she risks a loss of awareness of what is currently happening at the 
location. Upon returning to a love video feed the perspective may have changed, which in turn can 
cause confusion and the helper must reorient themselves to regain control and understanding. To 
solve this Fakourfar et al. (2016) proposes the use of a small window for a live-feed so that the helper 
can be updated on what is happening. 
 
Another possible solution to the issue with jittery video feed can be the use of “sticking” or anchoring 
virtual information onto a specific location so that their meaning does not get distorted and at the 
same time allows for recall (Adcock & Gunn, 2015; Gauglitz et al., 2012, 2014). This in comparison to 
other annotations such as a pointer that is often used in a short-lived way and is seldom needed after 
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used (Gauglitz et al., 2012). The need of these kinds of anchored annotations is bigger in situations 
where they are used as referential type – compared to procedural or pointing (Fakourfar et al., 2016; 
Gauglitz et al., 2014). Furthermore, these types of anchored annotations are more beneficial with HWD 
compared to HHD (Fakourfar et al., 2016). This has to do with that the wielder of the device does not 
have to hold their head still as much and can act more naturally (Adcock & Gunn, 2015). 

 2.4 User Studies 

A common belief when a new technology fails to be implemented is that the problem lies in the 
innovation in itself (Klein & Sorra, 1996). However, this is not necessarily true. More often it is the 
implementation that fails, that the innovation is not adapted to the situation and the expected benefits 
from it are lost (Klein & Knight, 2005). If a new technology should be implemented in a case, 
understanding of that case is needed. A domain analysis should be executed where the contexts and 
environment are studied with the individuals in it, and the interaction that may occur (Hix et al., 2004). 
This analysis should then be followed with expert evaluation and user-centred formative and 
summative evaluation where developed systems are tested and evaluated against the users who are 
meant to use it. In an implementation process, user-centred studies as these are of great importance 
(Gabbard & Swan II, 2008). Such user-centred studies can be configured in numerous ways with 
differencing focus. Most often the aim is to evaluate usability, how well a product or systems perform. 
However, aspects such as utility may be of same or even more important but are often overseen. 
Usability and utility studies will be described in this section. 

2.4.1 Usability 

The most commonly used description of usability is the ISO definition “the extent to which a product 
can be used by specified users to achieve specified goals with effectiveness, efficiency, and satisfaction 
in a specified context of use.” (ISO 9241-11, 2018). Effectiveness in this is how accurate and to what 
level of completeness users achieve specified goals. Efficiency is defined as how fast users can 
accomplish a task with the use of an application. Satisfaction is the measure of how pleasing the users 
find the system. To evaluate these aspects on a system, a usability test can be conducted. Two types 
of usability tests are often distinguished, formative and summative (Albert & Tullis, 2013; Dumas & 
Loring, 2008). Summative studies aim to benchmark a product or system, how well users can perform 
and how usable the system may be. Formative studies, on the other hand, are more of diagnostic types 
where a greater focus is put on interaction, find errors, exploration of alternatives and not so much on 
performance.  
 
Whether a study should be formative or summative is dependent on the purposes of an intended 
usability study (Albert & Tullis, 2013; Dumas & Loring, 2008; Følstad, Law, & Hornbæk, 2012). This is, 
in turn, dependent on where in a development process the system or product is in, what type of system 
or product that is meant to be evaluated, and what users that is supposed use it. Furthermore, the 
purpose and if the study should be formative or summative determines what methods are suitable to 
use and how these should be implemented. In summative studies, a focus is often to gather 
quantitative data that indicate specific aspects of a situation, as for example the number of errors or 
number of actions it takes to execute a task. Formative studies are in general smaller, with fewer 
participants conducted in a laboratory setting. Due to this, there is more advantage in gathering 
qualitative data or have a mixed method approach where both qualitative and quantitative data is 
gathered and compared (Albert & Tullis, 2013). 
 
Through usability studies, different types of measures can be gathered. Albert and Tullis (2013) 
describe three types of measures; performance metrics, issue-based metrics, and self-reported issues. 
Performance metrics is about gathering information about how the users perform, what they do when 
they execute a task, as well as satisfaction, what users think and feel about the experience. By 
evaluating user’s behaviour, time on task, number of errors, and how demanding it was – both 



9 
 

cognitively and physiological, a test moderator can get a hunch on how ready a product is for launch. 
Through issue-based metrics answer about how good or bad a design is and where the focus should 
be put on when developing can be found. These are qualitative in nature and can be expressed 
confusions, behaviours that hinder success, frustrations, and so forth. Furthermore, these are best 
studied in a laboratory environment and must be examined to see if these found issue-based metrics 
are actual problems or not, if they are coherent. Lastly, Self-reported issues are subjective or preferred 
data, what users preferred and how they experienced the use. 
 
A purpose to execute usability study can be to compare two products, their respective usability, 
strength, and weaknesses (Albert & Tullis, 2013; Dumas & Loring, 2008). When comparing products 
this way it is suitable for combining and comparing different measures such as effectivity of use, self-
reported measures of pleasure (Albert & Tullis, 2013). Another purpose may be to identify aspects that 
may irritate users. In these studies, it can be suitable to use more open-ended approaches with issue-
based measures, where participants in the test create their own task. This opposed being given a list 
with pre-defined tasks which participants must execute. Important in these studies is to strive for 
realism, use the product in a realistic environment or where it is meant to be used. However, a 
problematic aspect with such open-ended studies is that it can be difficult to compare between 
participants due to different tasks. 
 
User studies that aim to evaluate AR should, according to Billinghurst et al. (2015), be evaluated with 
self-reported measures and measures with qualitative outcome derived from conversation analysis of 
speech and gesture interaction. This is due to that focus in such user studies is often on aspects that 
are qualitative in nature. When AR is evaluated, Swan II and Gabbard (2005) distinguishes three areas 
of where focus often lies: 

• perception – how users perceive virtual information and how perceptual cues can be used to 
distinguish between real and virtual content,  

• performance and interaction – how users may interact with the overlaid, virtual information, 
and  

• collaboration – how can AR be used to enhance different kinds of collaboration, face-to-face 
or remote.  

2.4.2 Utility and Acceptance 

Even though it is of high importance to evaluate the usability of a product for further development it 
can be of equal or even more important to evaluate the perceived utility, if users see the benefits of 
using a product in an intended context (Davis, 1989). Another important aspect is user acceptance, if 
the user’s attitude towards a system or product is positive and if they are motivated to use it (Allwood, 
1998). These aspects are however often overseen or forgotten in usability studies (Davis, 1989; Nilsson, 
2010). If users do not experience this utility that Davis (1989) describe, the risk is that the system or 
product becomes unusable, even though it is rated as useful, thus result in a system that would not be 
used at all or not as intended (Allwood, 1998). The issue is also the other way around, if a system or 
product is seen as useful but not usable a risk is that the product will be used but the usage will be 
cumbersome (Nilsson, 2010). Several aspects can affect this perception of utility in different ways. This 
can, for example, be existing structures, processes and behaviours that exist in a company or in a 
context (Sung & Choi, 2014). 
 
Many models and theories have been developed that tries to explain the relationship between aspects 
such as usability, utility, user acceptance and actual usage (Viswanath, Morris, Davis, & Davis, 2003). 
Perhaps the most renowned one is the Technology Acceptance Model (TAM). TAM is an adaption of 
Theory of Reasoned Action (TRA) and aims to understand correlations between user’s acceptance 
towards a system and external variables (Davis, 1989). Davis (1989) breaks down these external 
variables into two determinants; Perceived Usefulness (PU) and Perceived Ease of Use (PEU). PU is 



10 
 

defined as “the degree to which a person believes that using a particular system would enhance his or 
her job performance” (Davis, 1989: 320) where a higher rating indicates that people believe that the 
system gives positive effects on their performance, thus will use the system in a greater extent. PEU is 
defined as “the degree to which a person believes that using a particular system would be free of effort” 
(Davis, 1989: 320). That is, systems that are more difficult to use can create situations where the use 
of it takes more effort and time than what it takes to execute the work itself. This variable can be seen 
as usability. Systems or products that are perceived as easier to use is therefore generally easier to 
accept and adopt. Furthermore, with better PEU the system will allow for higher overall job 
performance, thus directly affect PU. 
 
Even though the model is a good predictor and explains variance to a great extent (Mathieson, 1991), 
the model has its limitations. One criticism is that the model has in most implementations only used 
students and not necessarily actual end users (Khan & Woosley, 2011; Legris, Ingham, & Collerette, 
2003). Another is that the model is missing out on several external factors that affect the acceptance 
(Legris et al., 2003). Many external factors have however been implemented in revised versions of 
TAM: TAM 2 (Venkatesh & Davis, 2000) and TAM 3 (Venkatesh & Bala, 2008). Despite this, the model 
still has difficulty to get a higher variance in use (Legris et al., 2003). One factor that has been 
implemented into the later reversed models is the aspect of Job Relevance (Venkatesh & Davis, 2000), 
an aspect that directly affects PU. This job relevance is defined as “an individual’s perception regarding 
the degree to which the target system is applicable to his or her job” (Venkatesh & Davis, 2000: 191). 
 
As Venkatesh and Davis (2000) describe, TAM 2 includes other important factors that directly affect 
PU, such as Image, the desire of the user to maintain a favourable standing among others; Output 
Quality, the extent to which the technology adequately performed the required tasks; and Result 
Demonstrability, the production of tangible results. Another important factor included in the new 
model was Subjective Norm, the influence of others on the user’s decision to use or not to use the 
technology. This factor is in turn affected by Experience and Voluntariness. TAM 2 describe users’ 
Behavioural Intention to Use as a factor of subjective norm, PU and PEU. This behavioural intention to 
use is the individuals’ will to achieve a certain behaviour with a system or product. Walker and Pearson 
(2014) describe it as the willingness or extent to which an individual is consciously prepared to execute 
or not execute a particular action. This revised version of TAM, TAM 2, can be viewed in figure 2. 
 
TAM is meant to be used test a hypothesis, where a model is created for a specific case with a basis in 
TAM and then tested in longitudinal studies, through which the relations between the factors are 
analysed with correlation analysis (Vogelsang, Steinhüser, & Hoppe, 2013). This to find the factors that 
affect the acceptance and intention to use a system. These studies are usually done by gathering users 
subjective perception of the use over a longer time of usage against a large population (Lin, 2013). The 
results from using TAM are therefore most often interpreted as quantitative. However, qualitative 
methods have been used and can be equally as suitable for evaluating theories derived from TAM 
(Vogelsang et al., 2013). Vogelsang, Steinhüser, and Hoppe (2013) use a qualitative approach through 
interviews to build theories where factors that affect technology acceptance is identified and 
described. This allows for studies with fewer participants, thus makes it easier to study a specific 
context. 
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Figure 2. Technology Acceptance Model 2 with its external factors. The framed area shows the original 
TAM. (Venkatesh & Davis, 2000). 

2.4.3 Data Gathering 

Through simple interviews as well as observations of a session a lot of information can be gathered. 
By simply asking open-ended questions regarding participants experience with follow up questions, 
the moderator of a test can get identify aspects that need improvement (Albert & Tullis, 2013). With 
questionnaires, self-reported issues and subjective thoughts can be gathered, either after each task 
(post-task) or after the whole session (post-session). Both have advantages and disadvantages and 
should be used in different ways to gather different data. Post-task questionnaires are more suitable 
to use in order to pinpoint what might be faulty in the recently experienced situation while post-
session questionnaire is more suitable for data regarding the overall experience and feeling. In user 
studies it is preferable to gather data from both aspects and whether it is post-task or post-session.  
 
System Usability Scale (SUS) (Brooke, 1996) is perhaps the most well-known questionnaire when it 
comes to getting subjective measures on user’s perception of usability towards a system. SUS has been 
wildly adopted and proven to be robust, reliable, flexible, as well as relatively quick and easy to use 
(Bangor, Kortum, & Miller, 2008). The questionnaire consists of ten questions on a seven graded Likert 
scale that results in a score between 1 and 100. The score elicited from SUS is a measure of how usable 
a system or product is and is useful for relative assessments, such as compare system, but it is not a 
score to be used as a single measurement of usability (Bangor et al., 2008).  
 
The third question in this questionnaire “I thought the system was easy to use” has been proven to be 
highly correlated with the total score, an aspect that was used when developing the questionnaire 
Usability Metric for User Experience (UMUX) (Finstad, 2010). With only four questions UMUX answers 
the same aspects as SUS. Even though it is a fairly new questionnaire it has been commonly used thanks 
to its simplicity. Respondents on a UMUX are asked to rate the following questions on a seven graded 
Likert scale; 

• Effectiveness – “[the system’s] capabilities met my requirements” 

• Satisfaction – “using this system is a frustrating experience” 

• Overall – “[this system] is easy to use” 

• Efficiency – “I have to spend too much time correcting things with [this system]” 
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The score from questionnaires such as UMUX and SUS can be affected by participants individual work 
performance, as the score can get lower if the participants perform worse than expected. Vice versa, 
a participant may give a higher score if performance was better than expected. Respondents can as 
well be affected by the way in which questions are asked. In order to reduce the risk of bias, questions 
in SUS and UMUX are altered between being positive and negative. However, this is not necessarily 
true or even necessary (Sauro & Lewis, 2011). A risk is instead that participants in a user study gets 
confused and answers incorrectly. Lewis, Utesch, and Maher (2013) took this and mind and further 
revised UMUX and concluded that it would be enough to ask only two questions in order to get answers 
on a product or systems usability. Their new questionnaire, UMUX-LITE, consists of the questions 
regarding effectiveness and overall, from the original, UMUX. When developing this short but effective 
questionnaire, a strong correlation was found between UMUX-LITE and SUS. UMUX-LITE can thus be 
seen as it measures similar aspects, even though only two questions are asked (Berkman & Karahoca, 
2016; Lewis, Utesch, & Maher, 2015). Despite these findings, the researchers point out that UMUX-
LITE should not be seen on its own right of a measure of usability and should be combined with other 
questions, for example SUS (Lewis et al., 2015).  
 
An important aspect that can be difficult to evaluate through user studies is the participant’s emotions 
when using a product or system (Albert & Tullis, 2013). This has to do with the difficulty in articulating 
these emotions in an objective way when simply asked. One way is to look at and gather participant’s 
expressions, such as negative or positive comments, which can give insights to the participant’s 
emotional and mental state when using a product. A questionnaire called Self-Assessment Manikin 
(SAM), created by Lang (1980) and revised by Bradley and Lang (1994), is meant to evaluate exactly 
this, emotional response towards a stimulus. This through the following dimensions: 

• valence – the feeling of happiness in the situation,  

• arousal – how stressful the situation was, and  

• dominance – feeling of control in the situation. 
 
The different dimensions are seen on a spectrum with adjectives to describe the ends of these 
spectrums. These adjectives can differentiate, whereas pleasure may be evaluated between unhappy-
happy, annoyed-pleased, or unsatisfied-satisfied. Arousal can be seen as the mental activity and be 
evaluated with spectrum between calm-stimulated, calm-excited, or sleepy-wide awake. Lastly, 
dominance is the feeling of control and feeling of restriction, which can be seen on the continuum of 
submissiveness-dominance, controlled-controlling, or cared for-in control (Bradley & Lang, 1994). 
 
The questionnaire itself is brief, only evaluating these three dimensions through one spectrum each. 
Furthermore, the questionnaire is also non-verbal consisting, in its original form, of five images per 
dimension that represent different emotional states with a complementing 9- or 21-point scale. As 
seen in figure 3 the different dimensions are represented through images depicting emotional states 
with a complementing point scale. Thanks to this imagery-based measure, the questionnaire can be 
seen as language-free and more easily be understood across countries and cultures (Bynion & Feldner, 
2017). The questionnaire has been implemented in several areas, one of which is human-computer 
interaction (Mahlke & Minge, 2006) and even to evaluate an ARG system (Li et al., 2016). 
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Figure 3. The dimensions of Self-Assessment Manikin (SAM) with the top representing valence, middle 
representing arousal, and bottom representing dominance (Bradley & Lang, 1994).  
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 Study I 
A first study was conducted in order to examine the context of final assembly of military aircraft at 
Saab Aeronautics and the situations in which an assembly worker has an issue that needs to be 
investigated by a subject matter expert (SME). This with the purpose to create inspired scenarios in 
which an Augmented Remote Guidance (ARG) system could be tested and evaluated. This first study 
aimed to answer RQ1. Other sub-questions were derived from this question and was meant to be 
answered as well. These were:  

• How are issues generally solved today? 

• How do the people involved in the issue interact with each other and the problem at hand? 

• What does the environment look like? 

3.1 Method  

This section describes the methods used for gathering and analysing data, as well as the procedure for 
conducting the first study. In this, an observation, as well as several interviews, were conducted. 

3.1.1 Observation 

A non-participant observation (Flick, 2009) was executed in order to get more insight into the situation 
where an SME needs to investigate and assess a certain issue at final assembly. The observation was 
conducted in similarity to what Spradley (1980) describe as focused observation, where a focus was 
on relevant aspects chosen from previous knowledge. The observation was semi-structured where 
some aspects had been written down on what attention should be directed at. The aspects looked 
upon during the observation were the overall interaction between assembly worker, engineers and 
the issue at hand. That is what they look at, in what way, how they interact with the issue but also 
towards one another. In this, the context was studied as well. 
 
The observation was executed during, and after, one of the daily morning meetings, in which problems 
that have been remarked by assembly workers is discussed and distributed amongst different 
expertise, such as manufacturing engineers and designers. A case where two SME investigated an issue 
that had been noticed by an assembly worker was studied after the morning meeting. Data from 
observation was not meant to be used in its own, but rather as to get insight and work as an exemplar 
and a way to highlight aspects in interview data. 

3.1.2 Interviews 

Information about the final assembly was gathered using semi-structured interviews. The aim with 
these was to investigate what situations may occur where an assembly worker need assistance from a 
SME and the procedure to solve these issues. That was to get an understanding of the context and in 
what situations an RG solution could be needed. The interviews were therefore held with potential 
users of such a system, that is assembly workers, manufacturing engineers, and designers working in 
or towards final assembly. 
 
The interviews were semi-structured, thus not strictly following a script. Instead, a general guide was 
created, containing several examples of questions that were meant to examine topics to cover in the 
study (Arthur & Nazroo, 2003). Throughout the interviews, the interviewer could go beyond the script 
with follow-up questions based on the participant’s responses. This gave the possibilities of having an 
open conversation where the interviewer may follow up on what the interviewee was saying. The 
interview guide followed (Legard, Keegan, & Ward, 2003) recommendations where it was structured 
after six stages; arrival, introduction of the research, beginning of the interview, during the interview, 
ending the interview, and after the interview. The interview guide can be seen in appendix 8.1. 
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The interview was recorded and transcribed in a denaturalised manner, where the transcriptions were 
in written language, rather than transcribing all the details (Bucholtz, 2000). Gestures, pauses and 
other natural aspects in conversations were therefore not included in the transcriptions. From the 
recordings, most of the conversations were transcribed, but some were excluded due to irrelevance.  

3.1.3 Thematic Analysis 

Data from the interviews were analysed through thematic analysis, as described by Howitt (2010) and 
Braun and Clarke (2006). Thematic analysis is a descriptive approach and can be seen as a middle 
ground between quantitative and qualitative analysing where the content of what is said is analysed, 
rather than focus on the individual or how something is expressed and said (Howitt, 2010). In this a 
data-led approach was held, where data got to speak for itself, this in contrast to theory led where 
theories or research questions got to steer what to look for. The analysis followed Braun and Clarke 
(2006) approach where the process was divided into the following six steps: 

1. Initially, data was familiarised with through reading and rereading the raw data. This in order 
to get a grip on the content. Initial notes of interesting aspects were taken simultaneously. 

2. Initial codes were created, consisting of basic information such as segments or elements from 
the data that described an aspect or phenomenon. 

3. Themes were structured by combining and grouping codes that related to one another. 
Themes could also be found directly during the previous step.  

4. The themes that had been brought up was evaluated if they were suitable. Some themes were 
discarded or combined with other similar themes if not enough data supported them. Other 
themes could be broken down into smaller themes for the opposite reason. 

5. The resulting themes were then defined and given appropriate names by identifying the 
essence in each theme. 

6. Lastly, results were presented in a way that is convincing and easy to understand together with 
extracts from the data. 

3.1.4 Participants 

Participants were selected through a list containing several relevant assembly workers and engineers 
at Saab AB that works in or towards final assembly. By asking the first that got interviewed if they 
recommended anyone, several other participants were reached. A total of five participants were 
required for the interviews, one of which were female and four was male, all of which employed by 
Saab AB. Four of the participants were assembly workers in final assembly and one worked as 
manufacturing engineer towards final assembly. None of the participants had any previous experience 
with using AR and/or RG. The interviews lasted between 40 minutes up to one hour. 

3.1.5 Procedure 

The first interview worked as a pilot to test the interview guide. The results from this pilot were 
included to the results due to that no bigger changes except some regarding formulations. All 
interviews followed the same format described by (Legard et al., 2003). In the first step, arrival, the 
purpose was to create a good relation to the interviewee. After that, the research was introduced with 
explanation and information about the study. The interviewees were also informed about their 
consent and anonymity, and all had to sign a consent form explaining this, see appendix 8.2. The third 
step was about gathering background about the interviewee through some easing questions such as 
what they do in their daily work. The main part, during the interview, consisted of the questions that 
were meant to answer the research questions. With some open-ended questions, interviewees were 
asked if something was forgotten, thus ending the interview. Participants got informed what was 
would happen to the results and were asked to participate in later user tests. The interviews were 
recorded, and some notes of interesting aspects were taken as a memory aid. 
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Between the third and fourth interview, the observation was carried out in order to see how 
interaction might occur. The observation was not prepared in any greater extent than what the focus 
should be on. Before the observation, a mail conversation had been held with a group manager, who 
were informed about the study and its purpose. The contact person was met up and guided the 
observer to the location where the morning meeting was held. During the observation, a non-
participatory approach was held towards the situation. A continuous conversation was held with the 
contact person who aided in describing what was happening. After the meeting and some discussion, 
the observer and the contact person joined in on a situation where two mechanical engineers studied 
an issue with an assembly worker. Written notes about what was happening, and social descriptions 
such as interrelations between people, who they were and worked with (Howitt, 2010) was taken 
throughout the observation. Directly after the observation all information that could be remembered, 
with the aid of notes, were transcribed into a document, as Howitt (2010) propose. No recording was 
taken due to regulations regarding use of camera and recordings. Transcription from the observation 
was not analysed in any depth, due to that its purpose was to highlight aspects found through the 
interviews, find actual examples of situations.  
 
Transcriptions were analysed through thematic analysis, as described above. Some of the results were 
analysed, verified, and altered together with two assembly workers that had been participated in the 
later user studies. Through this, unanswered questions, aspects that needed clarification, and results 
in which there were uncertainties was reviewed through a discussion. No recordings were made, and 
notes were taken instead. Aspects such as descriptions, words, English terminology, facts about the 
work situation were clarified, see appendix 8.3. Findings regarding the overall processes were changed 
regarding whom the issue gets transferred to and how different persons communicate with one 
another. Extracts from the interviews are used to highlight aspects throughout the results, this with 
Rn (Respondent n – as in number).  

3.2 Results 

In this section, results from study I will be presented. The result is divided into themes and sub-themes 
that was found through thematic analysis from the interviews. 

3.2.1 Work Situation 

Through three stations and a long furrow process, an empty airframe is assembled into an almost 
functioning aircraft. Working inwards out, different parts are assembled onto the airframe at different 
rate throughout the stations. Most wiring, pipes, and some apparatus is installed first. Bigger, outer 
parts are mounted after that and lastly, some apparatus and functionalities are installed, wiring and 
pipes are connected, and systems are tested. The assembly work is regulated by several work orders 
containing several operations that consist of work instructions. The instructions show how the work 
order should look like when it is completed in the form of a 3D model. This is presented with 
information of material needed, and according to what working standards the step should be 
executed. 
 
When interviewees described their work situations, they point out that that the computer with the 
work order and its work instructions is remotely located, several meters away from the assembly 
station. This was also observed where assembly workers did not have any instructions nearby. This 
was expressed as something that causes a lot of running between the computer and the assembly 
station. Within a situation as this, the assembly workers need to remember the information needed to 
execute a given task, to come back again to the computer in order to confirm or control whether he or 
she remembered correctly or change to next step and remember that. 
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“When working, it can be a lot of running back and forth between the computer and the 
working station, so to see that one is doing the work correctly, if the stuff is in the right 
place, and what material is needed.” – R1 

In most assembly situations the assembly worker has a clear overview of what they are doing, where 
they work on the outside of the airframe or inside bigger compartments. In these situations, they can 
see what they are doing and at the same time work with both hands. In the observed situations three 
people, one assembly worker, and two engineers examined a situation on the outside of an airframe. 
All three could in this situation see and interact with the issue and discuss it. However, as found in the 
interviews, this is not always the case. When interviewees describe the assembly situations and the 
compartments in which they might assemble they use words as “cramped” and “narrow”. The 
interviewees describe that it sometimes can be difficult to fit everything, that is hands, arms, tools, 
parts, and apparatus in the same compartment. These situations entail that it can be difficult to see 
what they are doing. Situations might also occur where the assembly worker must use mirrors at first 
to see and then reach in with an arm and execute a task beyond the field of view, thus rely on touch 
and memory rather than vision. As one participant described how one need to reach in and feel: 

“It may be that something has to be mounted in a difficult area and the only way to access 
it is to lay on your back and stretch back with your arm to reach.” -R1 

3.2.2 Errors 

Throughout the assembly process in final assembly issues might occur that need to be attended to. 
With a new product, Gripen E, and a new way of working, errors and issues are more common. The 
types of issues that occur across this assembly line revolve around the work orders and its instructions, 
as well as manufacturing and assembly errors. It is also expressed that the work orders the assembly 
workers have access to are a simplified version of the whole system, where the instructions and the 
3D model only show the most relevant information. This creates situations where the work order might 
be insufficient, where the assembly workers only see their situation and a minimal amount about the 
revolving systems. Furthermore, several assembly workers might be working in the same compartment 
with different work orders, something that can cause situations where they get insufficient 
information. 

“One does not see if there should be other things in the same area. I can only see my 
[things] and not what is on either side. It is like working with blinders.” -R1 

In time most, issues related to work instructions will be found, documented, and solved. However, 
some will remain and new might occur when work orders and specifications are updated. It is 
mentioned that issues caused by human errors will remain. For example, in several of the interviews, 
it was mentioned that work instructions might be unclear, difficult to follow or interpret. This 
something that can cause errors throughout the assembly line if these are followed to the letter. In 
these situations, there will be in need of support from a subject matter expert (SME).  

“/…/ the goal is that there will be zero problems, but it will never be. There will always be 
problems.”- R4 

Due to lacking or difficult work orders and instructions assembly errors might happen where a product 
or part is assembled in the wrong way. In some cases, it can also cause damages to material, airframe, 
and parts during assembling. A problem with manufacturing and assembly errors as these is that the 
later an issue gets noticed the more difficult it is to solve it due to that it gets built in. For example, an 
issue may occur early in the first station where most assembly situations are carried out inside the 
airframe. If that issue is not solved directly and gets noticed later in the second station, where outer 
parts are mounted, there would be tremendously more work to solve it than if it was noticed directly. 
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“If you install a complete hydraulic system, then someone will come up with something 
that should be mounted before installing the first one [the hydraulic system]. Then 
everything must be demolished and there is a risk of things being damaged. There is also 
the risk that things cannot be disassembled without breaking the system and building new 
ones.” -R1 

3.2.3 Support Systems 

Throughout the assembly process, issues can occur where help from more specialised personnel is 
needed. For this situations, designated support systems and individuals with specific expertise exist, 
both of which may solve more comprehensive and difficult issues. In the following a distinction is made 
regarding these support systems and personnel, namely if they are seen as internal- respectively 
external support. Both have personnel with some sort of expertise in a specific area but supports with 
different issues. The internal support system consists of different groups and personnel that work 
closely to the assembly line and are located nearby. These have a comprehensive understanding of the 
whole assembly process, work orders, the products that are installed and/or material that is used and 
handle most errors that can occur. The personnel in the internal support system are meant to be close 
at hand and reached for a first assessment of an issue. The issues internal support may handle can be 
damages on the material, parts, the airframe, and in some extent products, but also some issues 
regarding the work order. 
 
The internal support does not have answers to all issues and exists to ease the burden on external 
SME. In several occasions, specialised expertise is needed whom may have the final saying in how an 
issue should be solved. The external support is no group or team but rather a different individual, most 
often engineers of different sort (for example stress, design, or manufacturing) who creates the design 
and work orders, with its instructions. Depending on their profession, these individuals have different 
knowledge from one another, thus solve different issues. For example, issues related to the work order 
may require support from manufacturing engineers, while manufacturing errors such as damaged on 
the airframe may require help from designer and stress engineers. Designers and manufacturing 
engineers are the ones that get contacted most and regarding issues mentioned earlier, that is layout 
errors as well as manufacturing and assembly errors. These have also access to different software 
compared to the assembly workers. As assembly workers have a rather simplified and restricted 
version in their work order, with not more than enough information, designers and manufacturing 
engineers have the possibility to see the whole situation. These engineers may go beyond the specific 
work order and have access to see surrounding systems, other work orders, and how the aircraft 
should look like when it is assembled with all its systems and components. 

“If cable damages. Then they [internal SME] come down and check if it is possible to 
approve, if the whole thing has to be replaced or if it is enough to tape. /…/ hull damage 
is another [case] where they can judge the severity of the damage. If it is a device that is 
broken, then the material group manager [external SME] must come down as well. Then, 
both the MRB [Internal support – material review board] and the material group manager 
must look at it. /…/ MRB has an overview of most things, but if you go down to the device 
level, the material group manager must be taken in.” -R3 

3.2.4 General Flow 

How issues in final assembly are handled is dependent on the source of the issue, whether it is an issue 
regarding work orders, damages on the airframe, or wrongly assembled parts. The severity affects 
regarding who and how many SME that may get involved to solve the issue. Whether it is internal or 
external SME that need to solve it. For some simple issues or where an assembly worker needs 
someone to take a quick look at a problem, a relevant person can be reached through Lync (Skype for 
Business) or phone. This is if the assembly worker is familiar with the individuals that may be able to 
help, if that this issue relates to that person or not. That direct channel can also function as a mean to 



19 
 

get general answers to questions and get advice from an SME. For example, thanks to that Lync allows 
for the possibility to share the screen, a work order could be shared and interacted through. The 
assembly worker and the SME can thus talk about the current issue, point towards specific aspects and 
solve some easy problems. Lync works therefore as a way to either figure out if it is a severe issue or 
if the assembly worker just has misunderstood something. However, this direct channel is seldom 
enough to use to get a deeper understanding of a situation. External and internal support may still 
have to see the situation at hand, to further investigate and assess it and control/confirm whether it 
is an issue that should be noted as a remark or not. 

“Or we'll write in Lync. There we can also write to someone directly /…/ before writing a 
remark. It may be that problems have been found, for example, on the work instructions 
and want to ask /…/ what they meant. And then you do not need to write a point and can 
take that path instead.” -R4 

For several issues, a remark is created and passed on to one or several SME. These remarks are a way 
of handling issues, where internal support deal with them first by giving their view of it and a possible 
solution before forwarding to an external SME, whom often has the final saying. In this process, an 
SME, whether it may be internal or external, may have to examine the issue further by looking at it. 
This in order to get a deeper understanding of what may have caused the issue and how it might be 
solved. The SME can then take this knowledge back to the office, discuss it with colleagues and may 
come up with a possible solution or forward it to another SME, who may have to look by themselves. 
In several cases, the SME must come back again for further investigations and assessments. During 
these occasions, other personnel that has different or more expertise in an area may have to look at 
the issue as well. The assembly worker might, therefore, wait for a solution due to that process to solve 
a remark can be long and tedious. 

“Often, it is one person who is in charge for solving the problem who decide if someone 
else is needed or if they handle it by themselves. But it happens several times that they 
come down and look at something several times. Especially if it's a bit unusual. /…/ In the 
case of unusual problems, one asks oneself how the problem has arisen and then they 
[SME] must find the root cause while giving an answer to how to solve it. It is not an easy 
task and may require that they have to come down several times.” -R4 

3.2.5 Interaction 

When an SME must visit final assembly to look at an issue, different needs are prevalent depending 
what type of issue it is or who this SME might be. The SME visits the assembly worker to see and get 
an understanding of the issue, to investigate and to assess. Through investigating the airframe, the 
SME can get insight into what the situation looks like, the real sizes of things, how the airframe is 
assembled, how cramped or narrow it may be, how severe the issue is, and if it can be solved in an 
easy way or if a part must be reassembled. As the situations can differ, whether the issue is on the 
outside of the airframe or inside a small compartment, the way an assembly worker and one or several 
SME interact may differ as well. In more cramped situations, for example in small compartments, 
where only one person at the time can see, the individuals must describe to each other what they see 
and their interpretation of the situation. In these situations, the one in the compartment might have 
to place some kind of indicator at the location where the next person should focus. There might as well 
be a lack *of light and an external light source is needed to see. 
 
In the observation, a more open situation was observed where two SME, one from internal support 
and another external SME, had to look at a situation where the distance between an installed pipe and 
a moving part was too narrow. In this situation the assembly worker pointed at and described the 
situation and together, they discussed it and tried to get an understanding through tugging and moving 
movable parts to see how much of an issue it might be. By looking on a newer airframe that had the 
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part installed, they could compare between the two. Together they concluded some possible 
salutations but decided that the external SME had to investigate it further through the digital product 
definition to come up with a possible solution.  
 
In these situations where two or more individuals examine an issue; the assembly worker might want 
to show the work order and instruction on their computer. Through these, the assembly worker can 
point on specific aspects in the instructions, discuss their interpretation, and compare to the physical 
situation. Amongst the interviewees, it is also expressed that SME can in some occasions have their 
computer with them, through which they can compare with the digital product definition, a 3D model 
of the aircraft, of how it should look like when it is completed with all the surrounding systems and 
components installed. By comparing the 3D model in the instruction and digital product definition with 
the actual situation on the airframe the assembly worker and SME can get an overall understanding. 

“I often show the internal support that comes down [the instructions with 3D model]. /…/ 
Then I can show how I mean /… / show how it has been and what it looks like now and 
show that it may look different in the drawing than what it does in the real world.” -R4 

3.2.6 Summary 

The results indicate that issues occur throughout the assembly line and while most will be solved in 
time some types will remain. These issues can be difficulties in understanding work order and 
instructions, as well as assembly and manufacturing errors. In these situations, an SME is needed to 
come up with a solution that is thoroughly investigated and described. This may require inspections of 
the issue at hand, both on the computer and the work order, and the physical situation on the airframe. 
These SME possesses different knowledge but also has access to different, more comprehensive, 
information compared to the ones the assembly workers have.  
 
When SME need to investigate and assess an issue, they may have to visit the physical situation, look 
at it with own eyes, and take that information with them to their office and analyse it further. In some 
cases, other SME might be called in whom also must look. Depending on the issue and when they are 
at the location, they may need to see the issue from different angles, tug and pull on different parts, 
look in and compare to the work order on the computer, but also compare to other airframes. As the 
issues may differ in accessibility it can be more or less difficult to talk and interact between individuals 
and the issue. More accessible situations, for example outside of the airframe, allow for more open 
conversation in which two or more can look at the same situation point and interact towards it. In less 
accessible situations, for example in smaller compartments, only one can see the issue and must 
describe what they see. To come up with a documented solution can be a tedious process.  
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 Study II 
User studies were conducted with the purpose to investigate how an ARG-system would be used if it 
were implemented in realistic scenarios. Through these user studies, RQ2 and RQ3 were to be 
answered. This section describes an existing ARG-system that was used in the studies, the 
methodology and procedure for the tests and analysis. 

4.1 The Augmented Remote Guidance System 

The ARG-system that was used for evaluating interaction and the use of hardware is a software 
solution, compatible with several devices and operating systems. This solution allows for one person 
to call someone in their contact list and then share a camera-feed from some sort of hardware. This 
could, for example, be a camera connected to a computer, a hand-held device (HHD) or a head-worn 
display (HWD). The system allows for another, remotely located, person to interact through that video 
feed by overlaying virtual information. This in order to instruct and guide the one recording. This 
interaction could be done in two ways. One simple way was by using a pointer in the form of a blue 
circle, as shown in figure 4. When using a computer, the user could obtain this interaction by moving 
the cursor with the mouse and clicking and holding the left mouse button on a desired spot on the 
video feed. As long as the button was pressed down, the pointer was shown. The second way of 
interaction allows the helper to show his or her hands or objects in the video feed (hands overlay), see 
figure 4. This way of interacting was facilitated by recording a one-coloured smooth surface and 
replacing that background with the video feed from the caller. Objects placed between the smooth 
surface and the camera, for example, a hand, are then shown in the video feed. 
 

 

Figure 4. The different possibilities to interact through the ARG-system. The pointer is illustrated in the 
image to the left and the hands overlay is shown on the right image. 

4.2 Method 

Through a user study, the hardware and interaction possibilities were evaluated in situations inspired 
by observed situations from study I. These were inspection scenarios where an assembly worker has 
an issue and need input from an SME whom has access to more information. Inspiration was also taken 
from the fact that situations can wary in nature, where it in most cases are open environments with a 
good overview of the task at hand. However, as discovered, some cases can be cramped, where it 
might be hard to reach and dark. In the user studies, both usability and utility were evaluated. With a 
mixed method approach, data was gathered through several steps and from several sources. This to 
analyse the same aspect from different points of views. The overall procedure and more information 
about the methods are described below. 

4.2.1 Overall Procedure 

The tests were conducted in the vicinity to Saab Aeronautics in Linköping and close to where the 
participants worked. Each session was executed with two participants. Before starting the tests, the 
purpose of the study was described, why they were there, how the tests were structured, and the 
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moderator’s role as well as their roles. The moderator demonstrated the tasks they were about to 
execute and how the system worked. Participant consent was gathered through a consent form where 
they got informed about recordings, both video and audio, and how data would be handled, see 
appendix 8.4. With a demographic questionnaire, information about the participants was collected. 
The main part of the session consisted of four tasks that were executed with a questionnaire after each 
task.  
 
The tests were conducted with the remote guidance system described above, consisting of one 
stationary Windows computer, with two monitors, and a Point-pad. This was connected with either a 
pair of smart glasses (HWD) or a smartphone (HHD). The HWD used was an ODG R7 and the HHD was 
a Samsung Galaxy S6. Both types of hardware were therefore in the form of video see-through displays. 
Due to limitations, projected AR was not tested and evaluated in the user tests. The lab was divided 
into two areas with a bookshelf so that participants could not see each other during the test. An iPhone 
6 was used as Wi-Fi hotspot for both the HWD and HHD during the session. Before the tests started 
participants got randomly assigned a role as either a helper or operator. The helper got stationed by 
the computer on one side of the bookshelf, while the operator got stationed by a desk with either 
HWD or HHD on the other side. 
 
All tasks were designed in similar ways, where the operator got presented with an incorrectly wired 
breadboard, a battery and spare components, see figure 5. A breadboard is a plastic board with a grid 
of holes meant to be used to prototype and create electronic circuits. The spare components consisted 
of different types of wires, lights, resistors, and buttons. The helper, on the other hand, got the key 
presented on one of the displays. In this answer, the helper got a small text describing the goal in the 
task, a table of the components needed, and an image of how it should be assembled, see appendix 
8.9. The video feed from the operator was on the other display. Their task was to inspect the issue and 
correct the errors by correcting faulty components and place them in an accurate way. This by 
recording the situation through either the HHD or HWD. The participants could then interact by 
speaking and the one acting as helper could instruct by using the pointer or hands overlay. 
 
The tasks were executed in two scenarios, a simple more ergonomic one where the operators sat by a 
table with the breadboard in front of them, see left image in figure 6. This represented more accessible 
scenarios where assembly workers have a good overview of the situation. More unergonomic 
situations with less overview were represented by placing the task in a less accessible height in the 
bookshelf, see the right image in figure 6. In both situations, a breadboard was placed and taped stuck 
in front of them, either on the table or in the bookshelf.  
 

 

Figure 5. An assembled breadboard with a battery and spare components. 
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Figure 6. To the left, the more accessible situation where the task was in front of the operator on a 
table. To the right, the less accessible situation where the task was placed in a bookshelf. 

 
All participants started with the more accessible scenario and continued to the less accessible scenario 
in their second task. In this shift of task, the participant also changed hardware, that is if they had used 
HWD in the first case they changed to HHD, and vice versa. This to let the participants try both types 
of devices. In order to get both experiences, as being the helper and the operator, the participants 
switched places after two executed tasks. This allowed all participants to try both scenarios and both 
types of hardware. This led to that the participants did not get to try both devices in both settings. For 
example, if participant A started with HHD in the first, more accessible, situation, he or she changed 
hardware, to HWD, when switching to the second, less accessible, situation. After these two scenarios, 
participant A and B switched places. Instead of starting with HHD in the more accessible situation, 
participant B started with HWD in the more accessible situation and continued with HHD in the less 
accessible situation. 
 
The tasks were interrupted by the moderator after 7 minutes or when the participants felt that they 
were done. After each task, both participants got to answer a questionnaire. This to gather their view 
and experiences about the recent situation, see following section regarding post task questionnaire.  
When four tasks had been executed, a post-session questionnaire and discussion of the overall 
experience were conducted. This to gather an overall experience of using the system in these 
inspection scenarios. Throughout the session video recordings was taken if needed to look back. Audio 
recording and some notes were taken during the discussions. Two sets of breadboards were used. 
During each task, the moderator documented results and prepared for the upcoming task by wiring 
the next breadboard. 
 
The types of data gathered was Performance metrics, issue-based metrics, and self-reported issues. 
This to gather information about how the system could be improved and the liking towards the 
configuration of the system, that is, the use of HHD respectively HWD in different scenarios (Albert & 
Tullis, 2013). These were not gathered in a quantitative manner, where, for example, number of errors 
where counted and analysed. This due to that these user studies were seen as an initial phase where 
qualitative data is of more importance (Billinghurst et al., 2015). The purpose of the study was 
therefore not to benchmark the ARG-system in question (Albert & Tullis, 2013). Information about how 
the system performed, for example, bad connectivity that in turn affect resolution and frame rate was 
not gathered and analysed to any great extent. This was due to that this type of performance is ever 
changing with evolving hardware and software. However, it was kept in mind that performance as this 
might affect users liking. Furthermore, the risk of being biased of new technology was kept in mind 
when evaluating the results.  
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4.2.2 Surveys 

Altogether three types of questionnaires were conducted. The post-task and post-session 
questionnaire were conducted to gather self-reported, subjective, data regarding their experience. The 
questionnaires can be seen in appendix 8.5, 8.6, and 8.7. The different questionnaires and their 
configuration will be described below. 
 
Demographic Questionnaire 
A demographic questionnaire was conducted before each session. This to gather information about 
the participants’ age, gender, level of education, as well as current occupation and position. Previous 
knowledge and experience about inspections, augmented reality, and remote guidance was also 
gathered. This was conducted in order to get an understanding of the population, determine if it 
differentiated in any way, and if the factors influence the participants answers in later questionnaires. 
 
Post-Task Questionnaire 
Some short questions about the experience were asked after each task. This to gather subjective 
thoughts on the recently tested scenario, to pinpoint experiences and compare different scenarios 
(Albert & Tullis, 2013). In this, a Self-assessment manikin (SAM) (Bradley & Lang, 1994) was conducted 
to gather information about the participants’ emotional state towards the situation;  

• whether the feeling they had during the task was positive or negative (valence),  

• whether the participants felt calm or stressed when interacting through the system (activity), 
and  

• whether the participants felt dominated or dominant in the situation (control). 
 
Text was used on either ends of the scale in order to make the images easier to understand. A second 
part of the questionnaire consisted of nine questions, two of which was from Usability Metric for User 
Experience LITE (UMUX-LITE) (Lewis et al., 2015). These two questions were to measure the usability 
of the hardware tested in that situation. The other seven questions were inspired by Nilsson's (2010) 
usability studies. These questions were meant to be asked in order to get more insight into the 
perceived usability. All questions were asked on a seven graded Likert scale. 
 
Post-Session Questionnaire 
After each session, a questionnaire was conducted to gather information about the overall feeling and 
experience of the test, and the usage of an ARG-system in inspection scenarios. In this comparison 
between different configuration was made, which one was preferred, if another situation would make 
them answered differently, and if some functionality was missing in the system. These latter two 
questions were asked in order to get participants to start reflecting about what might have made the 
situations better. 13 questions inspired by Technology Acceptance Model (TAM) was asked (Venkatesh 
& Bala, 2008). These questions were derived from the factors of Perceived Usefulness, Perceived Ease 
of Use, Behavioural Intention to Use, and Job Relevance. All questions were asked with a seven graded 
Likert scale. 

4.2.3 Post-Session Discussion 

The user studies ended with a semi-structured discussion, where some prepared open-ended 
questions were asked to facilitate discussion related to the session. This to get further insights into 
their point of view regarding the technology and the situation in which the technology was used (Albert 
& Tullis, 2013). These discussions were also held to get insights into how suitable such an ARG-system 
would be if implemented in final assembly. In these discussions, the interviewer held more of an 
observing role, where participants got to talk most of the time and had control of the conversation 
(Dumas & Loring, 2008). The discussions were interfered when the participants drifted off or when the 
conversation started to end. A discussion guide can be seen in appendix 8.8. 
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4.2.4 Pilot Study 

A pilot study was executed with two assembly workers at Saab. From this pilot, several changes were 
made in the study. Overall procedure was kept as it was, however, due to limited time-space, the time 
on task was put to a limit of 7 minutes. Some changes were made in all the questionnaires. In the 
demographic one, questions where reformulated to make them easier to understand. The post-task 
questionnaires differentiated between the helper and the operator before the pilot. This was to gather 
different aspects depending on what role the participant had. In order to make it easier to compare 
results between roles the questionnaires were altered so that both was formalized in the same way 
with the same questions. Through this change, some questions were removed, and others were 
altered. The post-session questionnaire was adjusted, where the open-ended questions where 
reformulated to make them easier to understand. Due to these changes, the results from the pilot 
study was discarded. 

4.2.5 Analysis 

A mixed method approach was used to analyse and present the results from the study. Both qualitative 
and quantitative data was therefore used to process and analyse the same aspects. The dependent 
variables that were tested were the settings, the easy more accessible setting and the difficult less 
accessible setting, as well as the different types of hardware, that is interacting through and towards 
HWD or interacting through and towards HHD. The independent variables tested was the answers from 
the questionnaires as well as the discussion. When analysing the data from the questionnaires, 
distinctions were made depending what hardware that was used (HWD or HHD) as well as in what 
situation they were used (more accessible or less accessible). In table 2 this distinction can be seen 
leading up to four categories in which results were analysed.  
 
Table 2. Different combinations of settings and hardware that were tested.  

 HWD HHD 
More accessible HWD – More accessible HHD – More accessible 

Less accessible HWD – Less accessible HHD – Less accessible 
 
These four categories were, in turn, grouped together depending on what role the participants had, 
whether they were a helper or operator. Together, depending on accessibility, type of hardware, and 
role the results was grouped and analysed in the following eight groups: 

• Helper interacting towards HWD in more accessible situations 

• Helper interacting towards HHD in more accessible situations 

• Helper interacting towards HWD in less accessible situations 

• Helper interacting towards HHD in less accessible situations 

• Operator interacting through HWD in more accessible situations 

• Operator interacting through HHD in more accessible situations 

• Operator interacting through HWD in less accessible situations 

• Operator interacting through HHD in less accessible situations 
 
These eight groups were clustered into fewer groups with more participants in each group if no 
significant difference was found amongst them, that is, amongst the roles of helpers or operators and 
their liking towards the specific hardware in the context of use. Results would by this be analysed 
amongst the following four groups instead: 

• Helper interacting towards HWD independent on situations (Helper-HWD) 

• Helper interacting towards HHD independent on situations (Helper-HHD) 

• Operator interacting through HWD independent on situations (Operator-HWD) 

• Operator interacting through HHD independent on situations (Operator-HHD) 
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Results from the demographic survey were used to see if the group was homogenous and if the aspects 
affected the way in which they answered the following surveys. Questions in the post-task surveys 
were analysed with statistical analysis in SPSS. Paired t-test was used to compare different variables in 
the same groups. One-way ANOVA was used to compare the same aspects among all groups. The 
categories from TAM was compared through descriptive statistics to analyse the overall thoughts. 
Descriptive statistics in the form of tables and diagrams were created in Excel and used to show the 
distribution of how participants answered. 
 
Recordings from the discussions were transcribed and brought together with free text answers from 
the post-session questionnaire. This was analysed through thematic analysis where categories were 
themes were created with a basis in the research questions. Main themes were thus put as hardware 
and interaction. Some sub-themes and a third main theme were created through the data. See section 
3.1.2 for more information about thematic analysis. These themes are presented in the results as 
headlines. Relevant results from questionnaires were used as a basis when presenting the results from 
the discussions and free text answers to describe these themes. This to describe how the participants 
rated questions related to the given theme. Translated quotes from the transcripts were used to 
highlight and illustrate the different themes with Pn (Participant n – as in number). 

4.2.6 Participants 

Participants were assembly workers at final assembly or engineers that worked in relation to final 
assembly at Saab AB in Linköping. In total 18 participants participated, two of which was in the pilot 
and thus excluded. Of these remaining 16, nine were assembly workers (electricians and mechanics), 
and seven were engineers (designers and manufacturing engineers) see table 3. Neither age, 
experience, job title nor gender had any effect on the way participants answered the questionnaires, 
no correlation could be found. Only one of the participants had any experience in using augmenting 
reality. Two participants had any recent knowledge regarding electricity and none had any recent 
experiences in using breadboards. Five of the participants had experiences in inspections and nine had 
experiences of getting and giving guidance through a digital system. However, results regarding the 
experience of inspection could be questioned. All assembly workers have probably been through some 
inspection, where a more experienced person inspect their work.  
 
Table 3. Distribution of participants in the user studies, showing the number of participants in each 
demographic group and proportion in percent. Age and Years of experience are shown with the 
standard deviation in parenthesis. 

Group 
All participants  
(N=16) 

Assembly workers  
(N=9) 

Engineers 
(N=7) 

Women 4 (22%) 4 (57%) 0 (0%) 

Men 14 (78%) 7 (43%) 7 (100%) 

Age 31.5 (9.5) 30.7 (9.9) 32 (3) 

Years of experience 5.2 (5.3) 5.9 (5.7) 7.5 (1.9) 

4.3 Results  

In this section, results from the user studies will be presented. First overall thoughts of the system will 
be introduced. After that results related to hardware will be presented and lastly, results related to 
interaction will be described. No significant difference could be found between accessibility within the 
groups of helpers respectively operators. Quantitative data were therefore analysed between different 
hardware independent of accessibility. 
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4.3.1 Overall Thoughts 

Overall thoughts are reflected in how the participants rated the categories from TAM, see figure 7. As 
can be seen, all categories were rated above average. However, the results were scattered. The feeling 
of Job Relevance (JR) was rated the highest (M=5.13, SD=1.15) followed by Behavioural Intention to 
Use (BI) (M=5.00, SD=1.60), Perceived Ease of Use (PEU) (M=4.94, SD=1.25), and lastly Perceived 
Usefulness (PU) (M=4.33, SD=1.56). When discussed, similar findings were found, where the 
participants described that the concept of using an ARG-system was seen as quite useful and 
something that is needed in final assembly. However, this system should not be implemented in its 
current state. As one participant expresses himself after using the system: 

“It requires a maturation phase. /…/ I think the function is good, that's smart. A good and 
easy-to-use way to use this, that's something we need.” -P17 

 

  

Figure 7. Shows the results for each TAM category (Perceived Usefulness, Perceived Ease to Use, 
Behavioural Intention to Use, and Job Relevance) with median and min/max whiskers. 

4.3.2 Hardware 

When asked to rate the different set-ups in the post-session survey (interact towards and through 
HWD or interact towards and through HHD) the participants rated the HWD on average higher 
(M=4.60, SD=1.45) than HHD (M=3.80, SD=1.64). This difference was not significant (t[15]=-1.70, 
p=0.11). Similar results were obtained through the post-task surveys when asked to rate the 
implementabilty of the tested configuration, where both helpers and operators rated HWD higher than 
HHD, see table 4. These differences were not significant when compared (F[3,60]=0.68, p=0.57).  
 
Questions regarding usability, whether participant felt that the use of the hardware in the situation 
was a pleasant experience and UMUX-LITE showed similar tendency as implementability, with a higher 
rating on HWD than HHD, see table 4. However, these differences were not significant. The UMUX-
LITE shows no significant difference between participants (F[3,60]=0.44, p=0.72). No significant 
difference between interacting with and towards HWD or HHD could be found when comparing 
whether participants found the use of hardware pleasant in the situation (F[3,60]=0.93, p=0.43). 
Neither were there any significant difference amongst the SAM categories valence (F[3,60]=0.29, 
p=0.83) nor activation (F[3,60]=0.82, p=0.49). A significant difference was found regarding the feeling 
of dominance when comparing amongst participants between set-ups (F[3,60]=4.98, p<0.01). 
Regarding this category of dominance, a higher rating was obtained amongst helpers. Related to the 
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aspect of dominance in SAM, a second question was asked on the participants’ feeling of joint control 
in the situation. No significant difference was found regarding this question (F[3,60]=0.53, p=0.66). 
 
Table 4. Results from the questions about implementability, UMUX-LITE, pleasantness of using 
hardware, SAM (valence, activation, and dominance), and perceived joint control. Standard deviation 
is shown in parenthesis. 

Question 
Helper - HWD  
(N=16) 

Helper - HHD 
(N=16) 

Operator - HWD 
(N=16) 

Operator - HHD 
(N=16) 

Implementability 5.38 (1.69) 4.94 (1.52) 5.31 (1.16) 4.63 (2.09) 

UMUX-LITE 59.80 (19.46) 56.42 (17.68) 58.79 (19.61) 52.35 (20.08) 

Pleasantness of 
using hardware 

4.81 (1.33) 4.31 (1.36) 4.13 (1.87) 3.81 (2.07) 

Valence 5.25 (1.30) 4.75 (1.56) 5.13 (1.58) 5.00 (1.70) 

Activation 2.88 (1.05) 3.06 (1.34) 2.44 (1.06) 3.06 (1.52) 

Dominance 4.94 (0.83) 4.63 (1.27) 3.81 (1.07) 3.63 (1.17) 

Feeling of Joint 
control 

4.63 (1.62) 4.63 (1.41) 5.19 (1.24) 4.63 (1.69) 

 
These mentioned aspects got highlighted through the discussion about their experience with the 
hardware. The thematic analysis shows that the participants’ preferences were scattered. Most 
participants mentioned the advantage of being able to use both hands and at the same time see the 
interaction from the helper when using HWD. This in contrast to an expressed displeasure in having to 
hold the HHD all the time in order to record the situation and at the same time perform a task. 
Participants describe that they at several occasion during the test had to put away the HHD in order to 
complete a task with both hands, thus removing the possibility for the helper to see anything. 
 
Regarding the less accessible scenarios, participants mentioned that HHD had some advantage over 
HWD. Due to the mobility and possibility to reach in and record from different angles, the participants 
exclaim that they would prefer an HHD over the HWD in such situations. However, when they did so a 
risk was that they could not see the display, thus missing out on the interaction from a helper. 
Furthermore, the helper was not aware that the operator could not see the display and continued 
interacting as if the operator saw this. As participants describe: 

“To make you [the helper] see, I had to keep the phone like this [shows as if he is holding 
the phone above a situation, with the camera pointing down] and then I could not see 
[the display].” -P11 

“/…/ if it's bigger and on the outside [of the airframe], glasses would be great /…/ but 
maybe if you get into the engine or something /…/ it might be good if you can reach in 
with a phone or something and see.” -P12 

Only three participants rated the interaction towards and through HHD higher than HWD. When asked 
why these three did not prefer the HWD, it was due to an inability to see anything through the glasses 
due to their own visual impairment. Five participants had some kind of visual impairment that affected 
how they perceived the use of HWD. Three of which worn glasses, one had some sort of impairment 
on one eye, and one was colour-blind. However, this feeling of inability to see anything through the 
displays was expressed to some extent by all participants. The displays showed a transparent video 
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feed that covered the real world. In order to get a better overview of the situation, the participants 
had to look under or above the displays. Participants expressed that this created a situation in which 
they either had to focus on the video feed in the displays or on the real world. If they had to get a 
better overview, the participants had to look under the displays. This issue with two focus points was 
also pointed out regarding the use of HHD. With these devices the participants had to hold it and pay 
attention to what was recorded, the interaction in the video feed as well as focusing on the real world 
and the task. As participants describe the situation of using HWD respectively HHD: 

“I had to strain the eyes a bit. One had to look away from the small screen in the glasses 
to see one’s own job. It was a bit difficult to concentrate. One saw double. Sometimes you 
want to remove the glasses and check a little.” -P4 

“It was very difficult with mobile keeping and checking so it's focused while working /…/ 
Do everything at the same time.” -P3 

4.3.3 Interaction 

Questions regarding ease to convey respectively understand information was asked after each task. 
Mean with the standard deviation of these results can be seen in table 5 below. When asked if the 
helpers found it to be easy to convey information towards the operator, no significant difference was 
found between HWD and HHD (t[15]=.50, p=0.62). There was neither any significant difference in 
understanding information from HWD and HHD (t[15]=-0.13, p=0.90). Neither was there any significant 
difference when the same questions were asked operators, where there was no difference in 
conveying information to the helper (t[15]=0.63, p=0.54) or understanding information from the 
helper (t[15]=2.01, p=0.06).  
 
Table 5. How easy helpers found it to convey information respectively how easy operators found it to 
interpret information, this in relation to the different settings and the different hardware.  

Question 
Helper - HWD 
(N=16) 

Helper - HHD 
(N=16) 

Operator - HWD 
(N=16) 

Operator - HHD 
(N=16) 

Ease to convey 4.56 (1.46) 4.31 (1.49) 4.81 (1.59) 4.44 (1.94) 

Ease to 
understand 

4.38 (1.58) 4.44 (1.46) 5.44 (1.06) 4.50 (1.80) 

 
When participants interacted with HWD or HHD they would lose attention towards what they were 
recording, thus risking altering the camera angle. With HWD, this became prevalent when the 
participants describe that they had to look or glance under the screen. Similar aspects could be seen 
regarding HHD when the operator had to reach in and record in the bookshelf. For both devices, the 
risk was that attention was elsewhere rather than on the screen, where the participants looked beyond 
or glanced at something else. Due to these aspects, a risk was an inability to communicate in an 
efficient way, either the helper could not see the right aspects, or the operator could not see the 
interaction from the helper. 

“In this case, if I look down on that resistor [shows that he glances down and keeps 
something in chest height but keeps his head straight], the camera is still there [pointing 
it straight forward] then you lose some of the features” -P18 

“What was difficult with glasses was that the picture lay right in front of my eyes, so when 
I wanted to see myself, I had to look away and then you [helper] do not see anyway.” -P9 

The usage of hands overlay and pointer differentiated between participants. While some mentioned 
that they used these in a great extent in both their cases, some mentions that they did not use the 
interaction at all, and others tested it but instructed instead by voice. When the participants were 
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asked why they did not use it, most of them answered that they did not see it as useful or forgot about 
it. Although they did use both tools, participants described that they used both hands overlay and 
pointer for the same purpose. This purpose was to point out specific information and to highlight what 
they are talking about in relation to phrases like “that one”, “this”, or “over there”. When discussed 
further of how it would be in a real inspection and assessment scenarios in final assembly, almost all 
see the need to use some sort of interaction tool. According to the participants, such tool would be 
used to guide the operator’s attention to a specific point of interest, similar to how they actually used 
it in the tests. Thus, most participants preferred and thought the pointer was enough. 

“It probably depends on what context you need the help. At the moment, it felt like we 
could get through by just talking. But if you had not understood what something was, you 
might need to show what you mean” -P3 

“I used a little and felt that it was suitable when there were two of one thing and could 
both point and say what I referred to and it became extra clear.” -P9 

A problematic aspect with both tools was their inaccuracy, which was apparent in several ways. One 
was that participants mentioned that they thought the overlays covered too much on the video feed, 
covering up some important aspects. This made it also difficult to point accurate onto the video feed 
with the different tools available. Another issue regarding this inaccuracy was the fact that the helper 
interacted through a live video feed and followed the direction of the camera. This became apparent 
when participants mention that it was difficult to be precise and that the operator could suddenly 
move thus altering the camera view. The pointer would thereby move with the video feed, thus 
altering to what the helper was pointing at. The intended meaning would thereby be lost. 

“The circle could have been smaller. It was very big. It could be a little dot in any sharp 
colour.” -P11 

“It's obvious if you have a position when using a phone, so you can have it steady, then it 
will work fine. But it will be harder with the glasses because then you will check stuff with 
your head thus moving the picture and pointer.” -P10 

An aspect related to inaccuracy was that the participants had difficulty in seeing details in the video 
feed. This was caused by low system performance, wide camera view, and dim environment. Low 
connectivity affected the resolution and frame rate, causing a grainy and twitching video. This made it 
difficult for the helper to see and keep up. The video feed was also seen as too wide that made it 
difficult to see the smaller details. In order to get a better overview, operators had to hold the camera 
close to the breadboard, so the helper could get a better overview. Also, participants that acted as 
helpers describe that they in some occasions had to leaned closer to the screen in order to see.  
Helpers, as well as operators, could also have difficulties in these less accessible scenarios due to that 
it was dim. Some participants mentioned that they had to ask for some sort of external light, so they 
could see, and others solved it by placing a flashlight or using the flashlight in their own phone. 

“The image was so small in relation to the real world” -P2 

“/…/ higher resolution and a light source would be suitable to have” -P15 

4.3.4 Summary 

The overall thoughts were that the ARG-system was seen as something suitable and needed in final 
assembly, a system with potential. However, in order to be useable, the system needs to be more 
adapted to that context. One significant difference was found regarding the aspect of dominance 
where helpers felt that they had more control of the situation. No clear distinction between the liking 
towards HWD or HHD could be found through the questionnaires. When discussed, pros and cons 
could be found regarding both types of hardware. While HWD allowed the operator to use both hands 
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to work with, HHD could be used as an external device and record aspects from different angles. 
Neither HWD nor HHD had any clear advantage in both more and less accessible situations. Instead, 
HWD was seen as more useful in more accessible situations while HHD was seen as more useful in less 
accessible situations. A problematic aspect with both types of hardware was that they created a split 
focus, where operators had to focus on either the screen and the interaction from the helper or the 
real world. As the operator had to look beside the screen to see the real situation, a risk was that he 
or she missed out on information from the helper. Furthermore, this caused an altering camera view 
and a jittery video feed that is difficult to follow and interact through. The pointer and hands overlay 
were used in the similar manner, to point and highlight where to look. However, this could not be 
executed accurate enough. 
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 Discussion 
The aim with this thesis was to generate a description of fundamental aspects that should be 
considered regarding the configuration of hardware and interaction possibilities if an ARG-system were 
to be implemented in situations where an assembly worker needs assistance from a remotely located 
SME. The research questions were:  

RQ1. What situations occur today where a subject matter expert need to examine an issue and 
how are these generally solved? 

RQ2. What type of hardware would be suitable in this context? 
RQ3. What would be a suitable way of interacting through a remote guidance system in this 

context? 
 
Discussion from the first study and RQ1 will be held firstly. Results from the second study will be 
discussed after that. RQ2 and RQ3 will be discussed and answered throughout the discussion. Further 
studies will be proposed at the end of this chapter. 

5.1 Study I 

A first study was executed in order to understand the context of final assembly, issues that might occur 
and how these are generally solved today (RQ1). This was answered through an ethnographic study 
with interviews and an observation. It was found that even though fewer issues will occur in time, 
several types of issues will remain where an augmented remote guidance (ARG) solution would be 
beneficial. Situations in which assembly worker need assistance from an SME, whether it is from 
internal support systems or external. This can, for example, be human errors, errors in the work 
instructions, assembly errors caused by the assembly workers or errors created earlier in the 
manufacturing. The information that an SME need when they look at a situation may differ depending 
on the type of issue and the context in which it occurred. These situations have however in common 
that they are most often in the form of investigations or assessments and answers to how the issue 
should be solved is seldom given. 
 
Most issues that need investigations or assessments occur on the outside of the airframe, in a spacious 
environment where SME and assembly workers can stand side-by-side and interact with one another 
and the issue. Less portable, stationary, solutions would be more suitable if an ARG-solution was to be 
implemented for such open situations. This could be a solution similar to TeleAdvisor as described by 
Gurevich et al. (2015), a robot meant to be placed on a worker’s side, or the shoulder-mounted robotic 
arm developed by Kurata et al. (2004). Both these uses projections to show information from a helper 
onto the environment. This is something that has some benefits compared to showing the same 
information on some sort of separate display or glasses. This due to that the projections are perceived 
as a part of the environment and the one who sees them does not have to switch focus between a 
separate screen and the physical environment (Gurevich et al., 2015). 
 
Other sources of information than looking at the issue on the airframe might be needed where for 
example comparisons must be made with other airframes or work order on the computers. Interactors 
must, therefore, move between different locations, something that can cause inefficiency and a higher 
workload due to that aspects need to be kept in mind. A possible ARG-system should be able to support 
such varying ad hoc situations, thus need to be portable or wearable (Bauer et al., 1998; Gauglitz et al., 
2012; Gurevich et al., 2015). Moreover, as shown in the study I, other situations might be cramped 
where only one person at the time can look at an issue. Additionally, some situations might even occur 
out of sight where the one investigating must rely on feeling with his or her hands to make an 
assessment. In these cramped or out of sigh situations, portable and less bulky wearable are needed, 
and the latter situations would indicate that a user needs to reach in with some camera to record. 
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As described in the literature, body language such as pointing and making gestures is an important part 
of the interaction that helps to reinforce and clarify a message (Bauer et al., 1998; Fussell et al., 2004, 
2000). The interaction between SME and assembly workers are no different. When interacting with 
one another or towards something, interactors constantly point, feel, tugs and shows pars on the 
airframe. If an RG-solution is to be implemented in final assembly the possibility of multifunctional 
gesturing would be beneficial to convey with the help of augmented reality (Bauer et al., 1998; Fussell 
et al., 2004).  

5.2 Study II 

When testing the ARG-system in scenarios comparative to observed situations, participants found it 
useful where they saw the utility in the form of Job Relevance and Behavioural Intention to Use, thus 
indicating that such a system would be useful in final assembly. However, the system per se was not 
seen as usable. If an ARG-system as this would be implemented in final assembly a risk could be that it 
would be used but the usage would be cumbersome (Nilsson, 2010). When looked comparing the 
different hardware HWD and HHD, no clear distinction could be found from the surveys. This in neither 
more or less accessible scenarios or between helpers nor operators. On average HWD was rated higher, 
but not significant. Though this difference could be due to bias towards new technology. 
 
One significant difference was found when comparing the feeling of dominance between groups 
(Helper-HWD, Helper-HHD, Operator-HWD, and Operator-HHD) where the one acting as helper had on 
an average higher feeling of dominance in the situations. This could indicate that helpers were the one 
controlling the situation or felt that they were in control. Through discussion, participants found HWD 
more suitable in the more accessible scenarios while HHD would be more suitable in less accessible 
situations. This was due to that HWD had the advantage in having both hands free and were more 
comfortable in the open scenarios where participants could put less focus on recording. These results 
are in similarity to what Fakourfar et al. (2016) and Gurevich et al. (2015) describe. Additionally, as 
HWD allow for a more consistent view of the environment (Johnson et al., 2015) these types of devices 
would be more suitable to display information. The HHD had, on the other hand. the advantage to 
record more freely from different angles but had to be constantly be held. A possible solution to that 
HHD needed to be held would be to have some sort of stand so that the device can be placed on the 
assembly workers side.  
 
Both HWD and HHD inferred a risk of split focus, either on the screen and the interaction or on the real 
world and the task. This might have affected the cognitive workload and performance negatively 
(O’Neill et al., 2011) and therefore the liking towards the use of the hardware. With HWD participants 
discussed that they tended to look under the screen, thus altering the view for the helper. The same 
tendency was discussed regarding HHD, where the camera angle was altered which made it difficult to 
follow for the helper. This is something that might cause a loss of control, thus affecting the effectivity 
(Gurevich et al., 2015; Huang & Alem, 2011; Johnson et al., 2015). Furthermore, the system’s 
performance might also have this effect, where images suddenly freeze thus make it difficult to follow 
what is happening. As shown in the results users had to look unnaturally close so that the helper could 
see. This maintaining of a steady and clear view might as well have a negative ergonomic impact where 
the user has to direct the camera close and for a longer time period (Adcock & Gunn, 2015; Gurevich 
et al., 2015).  
 
A combination of HHD and HWD could have some advantage in both situations, where HWD is used 
with a detachable camera that could be used in less accessible situations. HWD would be more useful 
to show information where it could lead to faster and more proactive assistance (Johnson et al., 2015). 
The suggestion of a detachable camera was due to that participants were not able to see the video 
feed and interaction from the one helping when the HHD was reached in the bookshelf. However, the 
configuration of the tested HWD would not be suitable to use. An apparent issue with them was that 
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the video feed covered the real world. This made it difficult to see and executing the task. Another 
issue with these HWD was the inability to use them if the user had some sort of visual impairment. A 
future device must, therefore, be able to work with other prescribed glasses and or lenses. One 
solution would be to move the video feed so that it is not in the way. An example of this would be to 
use monocular glasses that have the display above one of the eyes (Billinghurst et al., 2015; Craig, 
2013). A split focus would remain with such glasses. Another solution would be to remove the video 
feed and only show the overlays from the helper. An issue with this is how to present what is recorded. 
 
Even though deictic and representational gesturing increases productivity and effectivity in 
conversation and that this could be obtained by using hand gestures in a video feed (Alem et al., 2011; 
Huang et al., 2013, 2018; Kirk et al., 2014; Li et al., 2016) such gesturing was not used in any great 
extent in the tests. Results indicate that interaction tools, hands overlay as well as the pointer, were 
both used in the same manner, as referential gestures. This even though referential gestures might not 
necessarily entail better communication than merely a voice in combination with video feed (Fussell 
et al., 2004). 
 
They way in which gestures were used, as referential, might have to do with the way the cases were 
configurated with a small breadboard. This might have made it difficult to be accurate with the hands 
overlay. If scenarios were to help an assembly worker to assemble and disassemble a part in the 
airframe, deictic and representational gestures facilitated by hands overlay would perhaps be more 
beneficial. An aspect that might have affected participants liking towards the interaction possibilities 
is training. If participants were able to try out the system and the interaction possibilities freely for a 
while or over a longer time period, thus getting more used to it, the results might have been different. 
Another simpler solution than showing hands would be to have the possibility to draw on the video 
feed (Fussell et al., 2004; Gurevich et al., 2015). This would allow for representational gesturing but in 
a more convenient way with no need for extra hardware, as in the tested system. A risk is however 
that drawing would not be as natural as hand gestures and lead to less co-presence (Kirk et al., 2005; 
Kirk & Stanton Fraser, 2006). 
 
In similarity to earlier research findings (Gauglitz et al., 2014; Huang & Alem, 2011; Huang et al., 2018) 
participants had issues with depth perception and to accurately point on aligned objects. This has to 
do with that the interaction tools, pointer and hands overlay, are shown as 2D objects on the video 
feed that is a representation of a 3D world. Such interaction is both cumbersome to create accurately 
and difficult to interpret in a meaningful way (Gauglitz et al., 2014; Huang & Alem, 2011). The attempts 
of point accurately were further complicated due to that the overlays followed the camera view. This 
made it difficult to be precise and a risk was that the gesture lost its meaning (Fakourfar et al., 2016). 
One way to make it easier to interpret overlays would be to show overlays and interaction on the same 
depth as and in relation to the referred object, similar to the use of projections (Adcock & Gunn, 2015; 
Gurevich et al., 2015; Kirk et al., 2014). However, the issue with moving video feed would remain. The 
use of anchored annotation would be another complementing solution, where the overlaid 
information is “attached” to a place in the video feed (Adcock & Gunn, 2015; Gauglitz et al., 2012, 
2014). This could be beneficial in investigation and assessment scenarios as the ones observed and 
tested, where it is not unimaginable that annotations could be used in a more long-lived way.  
 
Several aspects, such as low connectivity, jittery video, and small images, indicate that the use of live 
video controlled by the worker might be difficult to keep up with and a risk is that the helper loose 
feeling of control. One way would be to allow the helper to control the cameras point-of-view 
(Gurevich et al., 2015; Johnson et al., 2015; Kurata et al., 2004). This would perhaps increase the feeling 
of control and ease the cognitive workload on the helper. But this would not necessarily increase 
performance (Lanir et al., 2013) and it would be difficult to implement bulky robotic arms in the setting 
of final assembly. A simpler solution to this and the difficulty of accurately point towards something 
would be to use and interact through a frozen image of the video or picture of the situation, as 



35 
 

proposed by (Fakourfar et al., 2016; Gauglitz et al., 2014; Kim et al., 2015). Similar ways of interacting 
through a frozen image with referential as well as multifunctional gestures could be beneficial, working 
in the same manner as on a video feed. If such a solution would be used a smaller window for the live 
video feed is needed so that the helper is still aware of what is happening (Fakourfar et al., 2016). 

5.3 Further Studies  

This thesis should not be seen as a key for how to implement an ARG-solution into final assembly at 
any industry, but rather as a foundation for further development, a first step towards developing and 
implementing an ARG-solution in investigation and assessment scenarios in final assembly. The study 
highlights the importance of executing and evaluating a system in relation to a specific context, and 
that solutions which have been proven to be efficient in one context do not mean that they are useful 
in all contexts. Furthermore, it gives insight to a context of use that has not been explored in any great 
extent and results could bring value to other manufacturing industries that are characterized by 
differentiating environments and issues. Situations where issues need to be investigated and evaluated 
before a final answer is given. This could, for example, be the automotive industry and boat 
manufacturing. However, further research needs to be done in order to be able to develop the right 
solution for an industry. 
 
In the context of final assembly of military aircraft, further studies in the real scenarios should be 
executed in order to clarify and verify the results. Moreover, the suggested improvements of a system 
should be evaluated, where interaction through images and video should be compared as well as the 
suggested interaction of free-hand drawing should be included in this comparison. This in the context 
of investigation and assessment scenarios in final assembly. When an ARG-solution has been 

developed, longitudinal utility and usability studies should be executed in the intended context. 

Culture is an important factor that should be accounted for in these longitudinal studies. Research 
regarding economic consequences, security and integrity would be beneficial to execute as well.  
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 Conclusions 
Using augmented remote guidance (ARG) can bring big benefits to a globalised organization. Long and 
tedious processes can be shortened, and costs can be reduced by being able to communicate and guide 
in real time. An SME can be reached directly and does not have to travel to the location in order to 
investigate and assess a situation. Enough information can be gathered to solve the situation remotely 
and if there is a need to travel to the location, better pre-planning can be done which may reduce the 
risks of misunderstanding. However, if such a system is to be implemented in any organization it must 
be configured so that it becomes useful. An ARG-solution needs to be developed in a way that suits 
differentiating issues, contexts in which these occur, and information needed to solve them. The aim 
of this thesis was to generate fundamental aspects that should be considered regarding the 
configuration of hardware and interaction possibilities if an ARG-system were to be implemented in 
final assembly of military aircraft. Several general recommendations for a general solution have been 
suggested through two studies. One for exploring the situation as it is and another for evaluating an 
existing ARG-system.  
 
The situations in which an ARG-solution could be useful are characterized by the long processes in 
which issues are solved. In these processes, an ARG-system would not be used as a mean to guide an 
assembly worker into solving the issue but rather as a way to gather information to take with for 
further investigations. The need for video feed in such investigation situations might not be as 
prevalent as if the situations were continuously changing. An SME does not need to be continuously 
updated on what is happening so that the right instructions can be given. Instead, pictures and frozen 
images of the situation and work instructions can be plenty. However, a video feed is useful to guide 
an assembly worker into recording or taking a picture from a suitable angle. The need to interact 
through that image or video is also not particularly big. Conversation and the guidance towards 
recording and taking an image of the right angle can be obtained through simple referential gestures. 
Even though hand gestures may be an intuitive and effective way to instruct another person, the use 
of a simple pointer may be enough in investigation and assessment situations. If more detailed 
interaction is needed, free-hand drawing can be enough and easier to implement that does not require 
any extra hardware. 
 
As issues wary, context and environment wary as well. Hardware needs to support this diversity and 
should usable in several types of situations. Whether situations might be spacious or cramped a 
combination of HWD and HHD seems to be more useful to implement. In more spacious situations, 
where issues occur on the outside of the airframe, users of the device can move freely and in a more 
effortless way. A situation may be recorded so that an SME can see from the workers’ point of view 
and guide toward what he or she should look at. In situations where issues are out of reach or sight, 
detachable cameras connected to the HWD are needed. This so that the assembly worker can reach in 
and at the same time record or take pictures of the issue from various angles.  
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 Appendix 

8.1 Interview guide, Study I 

Arrival 
Presenting me and thanking the participant for attending. 
Introduction the research 
Presenting the study, what is about to happen and why. Present the set-up of the interview, the kind 
of questions and outcome of the study. 
Go through anonymity and consent, who is going to be in contact with the information and that no 
one except me is going to listen to the recordings. 
Beginning the interview 
Quickly, tell me about yourself and what you work with. 

• Who are the person? 

• What does he or she work with? 

• What does the work demand of you? 
Could you go through a typical work day? 
During the interview 
As I understand it, situations may occur where an operator need external help from an expert to 
continue the work. Can you tell me about those kind of situations? 

• What situations are there?  

• How do situations differ?  
Of those described situations, which one would you say are the most challenging? 
Could you go through a typical situation where you (needed helped as an operator / helped an 
operator)? 

• Describe the situation from beginning to end of how you solved the situation! 
o Why did (you / he or she) need help?  

▪ What information was the operator in need for? 
o In what area of SM did it happened? 

▪ What is the physical environment? Where in the aircraft?  
o How much time pressure was involved?  
o If I was standing as an observer at the moment where the operator gets instructed by 

an expert, how would it look like?  
▪ How was your instructed / How did you instruct? What information was 

needed? 

• If you had a system where the expert didn’t need be at the place, how would that system work? 
Ending the interview 
Is there anything more you wanted me to ask you? 
Is there anything you want to add? 
After the interview 
Thanking the interviewee for participating.  
Tell how the data will be used and for what.  
If there would appear more questions, is it okay if I contact you again? 
Later this month I will execute a study with the technology in question, would you like to participate in 
that study? 
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8.2 Consent form, Study I 

Medgivande av användande av inspelning av intervju 
Denna intervju kommer att spelas in och transkriberas i syfte att undersöka tillfällen där operatörer på 
slutmontering behöver ett externt stöd från beredare. Data från intervjun kommer att användas till en 
förstudie tillsammans andra intervjuer för att undersöka ett möjligt behov av ett system beståendes 
av Augmented Reality och Remote Guidance och vad ett sådant system kan tillföra i sammanhanget. 
Analys av dessa transkriberingar kommer även ligga till grund för hypotes som kommer testas med 
befintlig teknologi. Detta medgivande innefattar följande: 

• Ditt namn kommer inte sparas eller användas i rapporten.  

• Du deltar i denna studie frivilligt. 

• Du kan när som helst avbryta deltagandet intervjun utan att behöva förklara varför. 

• Utdrag från transkription och anteckningar som förts kan komma att presenteras för 
handledare på Saab och på universitet. 

• Utdrag från transkriptionen kan komma att användas i vetenskapliga texter. 

• Ingen företags- eller militärklassificerad information kommer att användas utanför Saab. 
 
Jag ger härmed mitt samtycke till att ljudinspelning av mig för denna masteruppsats. 
 
Ort och datum:  
 
 
 
Namnteckning: 
 
 
 
Namnförtydligande: 
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8.3 Questions for validation, Study I 

Gällande de tre stationerna 

• Är det inre-, yttre- och systeminstallation? 

• Är det 1 mån / station? 
Vilka engelska termer använder man? 

• Kan tillverkningsorder överstättas till MO? 
Är det problematik om MO, monterings och tillverkningsfel som blir anmärkningar?  

• Kan det vara andra? 
Går det att dela in i internt och externt stöd? 

• Vilka skulle ingå i varje? 
o Kan man säga att de består av grupper och individer? 
o Är externa endast individer eller finns det grupper där med? 

• Hur är informationsfördelningen mellan dem? 

• Har internt tillgång till ritningar, catea – delmia? 
Används Lync för att kontakta både internt och externt?  
Processen för en anmärkning: 

• Stämmer den med verkligheten? 

• Hur kommer en anmärkning till varje? 

• Kan interna komma med lösning? 

• Hur relaterar denna process till MRB? 
o Måste de skicka vidare sitt svar eller kommer de med lösning? 

• Ska en anmärkning ta 24 h? 
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8.4 Consent form, Study II 

Medgivande av användande av videoinspelning av session och ljudupptagning vid diskussion 
Syftet med sessionen är att undersöka ett befintligt Remote Guidance system som tillåter Augmented 
Reality, systemets lämplighet, hur det används och upplevs. Testet kommer att spelas in med video i 
syfte att möjliggöra vidare undersökning kring hur teknologin används vid situationerna som kommer 
testas. Data från videoupptagning kommer användas till att undersöka interaktionen mellan 
deltagarna och mellan deltagare och teknologin. En avslutande diskussion kommer hållas där 
ljudupptagning kommer att tas.  
Analys av dessa video och ljudupptagningar kommer göras på en övergripande nivå och kommer ligga 
till grund för en fördjupad kravspecifikation. För rummet råder fototillstånd så både videoupptagning 
och teknologin som sådan är tillåten att användas. Detta medgivande innefattar följande: 

• Ditt namn kommer inte sparas eller användas i rapporten.  

• Du deltar i denna studie frivilligt. 

• Du kan när som helst avbryta deltagandet i studien utan att behöva förklara varför. 

• Utdrag från video- och ljudupptagning och anteckningar som förts kan komma att presenteras 
för handledare på Saab och på universitet. 

• Utdrag från transkriptionen kan komma att användas i vetenskapliga texter. 

• Inget videomaterial kommer analyseras av någon annan än mig. 

• Inget videomaterial kommer finnas i rapporten. 

• Ingen företags- eller militärklassificerad information kommer att användas utanför Saab. 
 
Jag ger härmed mitt samtycke till: 

Videoinspelning  ꙱ 
Ljudupptagning  ꙱ 

 
Ort och datum:  
 
 
Namnteckning: 
 
 
Namnförtydligande: 
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8.5 Demographical questionnaire 

Demografisk enkät 
 
Ålder:_________år. 
 
Kön: 

 Man 

 Kvinna 

 Annat/Vill ej ange 
 
Högsta utbildningsnivå: 

 Grundskola 

 Gymnasial utbildning  

 Eftergymnasial utbildning (under 3 år) 

 Eftergymnasial utbildning (3 år) 

 Eftergymnasial utbildning (mer än 3 år) 
 
Yrkestitel/arbetsområde: 
 
 
Arbetat på nuvarande position sedan: 
 
 
Har du tidigare erfarenheter av inspektion av problematiska situationer på slutmontering? 

 Ja 

 Nej  

 Vet ej/osäker 
Har du någon erfarenhet av att få eller ge vägledning via digitalt system inom ramen för slutmontering? 
Om ja, utveckla. 

 Ja 

 Nej  

 Vet ej/osäker 
 
 
 
Har du någon tidigare erfarenhet av att använda förstärkt verklighet (teknologi där virtuellt objekt 
överlagras på verkligheten)? Om ja, utveckla. 

 Ja 

 Nej  

 Vet ej/osäker 
 
Har du erfarenhet av ellära?  

 Ja 

 Nej  

 Vet ej/osäker 
 
Har du någon erfarenhet av att använda breadboards eller liknande för att sätta ihop kretsar? 

 Ja 

 Nej  

 Vet ej/osäker 
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8.6 Post-Task questionnaire 

Hjälpare/Operatör 
Var vänlig kryssa i den sinnesstämning du upplevde i relation till den situation som nyss utfördes. 
Valens  
(negativ – positiv) 

 
Aktivering  
(lugn – stressad) 

 
Kontroll  
(dominerad – dominant) 

 
Nedan följer ett antal påståenden. Ringa in för i vilken utsträckning du håller med, där 1 är inte alls och 
7 är helt och hållet. 

Påstående Håller inte med alls Håller med helt 

1. Det var behagligt att använda hårdvaran i 
situationen. 

1          2          3          4          5          6          7 

2. Det var lätt att förmedla information från min 
situation. 

1          2          3          4          5          6          7 

3. Det var lätt att förstå information från den 
andre i situationen. 

1          2          3          4          5          6          7 

4. Jag tycker jag hade god förståelse för 
situationen som helhet. 

1          2          3          4          5          6          7 

5. Jag tror den andre hade god förståelse för 
situationen som helhet. 

1          2          3          4          5          6          7 

6. Jag kände att vi hade kontroll över 
situationen. 

1          2          3          4          5          6          7 

7. Systemets förmågor mötte mina behov. 1          2          3          4          5          6          7 

8. Systemet var lätt att använda. 
 

1          2          3          4          5          6          7 

9. Denna kombination skulle lämpa sig vid 
verkliga inspektionssammanhang. 

1          2          3          4          5          6          7 
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8.7 Post-Session questionnaire 

Avslutande enkät  
Nedan följer ett antal frågor. När du svarar på frågorna och påståendena så tänk på systemet som en 
helhet, det vill säga både användandet av Point-pad, glasögon och telefon, men även 
interaktionsmöjligheterna i systemet.  
1. Hur pass användbart upplevde du att kombinationen Point-Pad/dator till mobil var? 
Ej användbart               Väldigt användbart 
1 2 3 4 5 6 7 
 
2. Hur pass användbart upplevde du att kombinationen Point-Pad/dator till smartglasögon var? 
Ej användbart               Väldigt användbart 
1 2 3 4 5 6 7 
 
3. Hade en annan situation fått dig att ändra svar på frågorna ovan? Utveckla. 

 Ja 

 Nej  

 Vet ej/osäker 
 

4. Utifrån alla situationer som du testade, fanns det någon/några funktioner i systemet som 
saknades?  

 Ja 

 Nej  

 Vet ej/osäker 
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Nedan följer ett antal påståenden. Ringa in för i vilken utsträckning du håller med, där 1 är inte alls och 
7 är helt och hållet. När du svarar på påståendena så tänk på systemet som en helhet, det vill säga både 
användandet av Point-pad, glasögon och telefon, men även interaktionsmöjligheterna i systemet. 

Påstående Håller inte med alls Håller med helt 

1. Användandet av systemet skulle förbättra min 
arbetsprestation. 

1          2          3          4          5          6          7 

2. Användandet av systemet skulle öka min 
produktivitet. 

1          2          3          4          5          6          7 

3. Användandet av systemet skulle öka min 
arbetseffektivitet. 

1          2          3          4          5          6          7 

4. Jag skulle finna systemet lämpligt i mitt arbete. 
 

1          2          3          4          5          6          7 

5. Min interaktion med systemet är tydligt och 
begripligt. 

1          2          3          4          5          6          7 

6. Att interagera med systemet kräver inte mycket 
mental ansträngning. 

1          2          3          4          5          6          7 

7. Jag tycker systemet var enkelt att använda. 
 

1          2          3          4          5          6          7 

8. Jag tycker det är lätt att få systemet att göra det 
jag vill att det ska göra. 

1          2          3          4          5          6          7 

9. Om jag antog att jag hade tillgång till systemet 
så skulle jag ha för avsikt att använda det. 

1          2          3          4          5          6          7 

10. Givet att jag har tillgång till systemet, så 
förutspår jag att jag skulle använda det. 

1          2          3          4          5          6          7 

11. För mitt arbete så skulle användning av 
systemet vara viktig. 

1          2          3          4          5          6          7 

12. För mitt arbete skulle användning av systemet 
vara relevant. 

1          2          3          4          5          6          7 

13. Användning av systemet är lämplig för 
arbetsrelaterade uppgifter. 

1          2          3          4          5          6          7 
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8.8 Discussion guide 

Starta inspelning 
 
Fråga hur det kändes överlag 
Vad var era intryck av systemet? 

• Hårdvaran 

• Hur upplevde ni interaktionen?  
Var det något som gjorde det svårt att samarbeta, och i så fall vad? 
Vad skulle ni förändra för att förbättra samarbetet? 
Har ni något ni vill tillägga? 
 
Stäng av inspelning 
 
Avslut 
Berätta vad som kommer hända med all data 
Om det är någon de känner som vill delta så är det bara att meddela 
Berätta att det är bara att höra av sig vid frågor 
Tacka så mycket för deltagandet 
 
Efter  
Sätt all utrustning på laddning 
För över film och ljud till dator 
Förbered nästa sessions första scenario 
För över alla anteckningar till dator 
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8.9 Example task 

Målbild 
När strömkälla är inkopplad ska ingen diod lysa. För att tända någon diod så måste man trycka in första 
knappen och någon mer knapp. Om knapp 1 och knapp 2.1 trycks så lyser endas blå diod. Om knapp 1 
och knapp 2.2 trycks så lyser gul och grön diod. Om alla knappar trycks in så lyser alla dioder.  
 
Material 

 

Komponent 
Blå diod 

 

Komponent Kablage (lila 
9) 

Antal 

1 

Antal 1 

 

Komponent Gul diod 

 

Komponent Kablage (röd 
lång) 

Antal 1 Antal 2 

 

Komponent Grön diod 

 

Komponent Kablage 
(orange 4) 

Antal 1 Antal 1 

 

Komponent Knapp 

 

Komponent Kablage (gul 
5) 

Antal 3 Antal 2 

 

Komponent Resistor 
220Ω 

 

Komponent Kablage 
(orange lång) 

Antal 1 Antal 1 

 

Komponent Resistor 
10000Ω 

 

Antal 
1 
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