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Abstract 

The use of mixed reality has been explored in a variety of settings and purposes. Despite 

this, its potential to aid in collaborative work within industrial settings has received little 

attention. The study’s purpose has thus been to explore the acceptance of a mixed reality 

collaborative system by target users. To do this, five target users working at a water 

treatment plant interacted with and used such a system in their normal work environment. 

Based on information from interviews and observations, results indicate an interest for 

such systems but that they must possess certain key functions to stand a chance of achieving 

acceptance. The system lacked certain, to the participants, crucial features but despite this 

still gathered support for the implementation and use of MR systems within the workplace. 

The study, together with previous ones, does also give a clear indication of a general 

support for MR systems within a variety of settings. 

 

Keywords: computer supported co-operative work (CSCW), rapid ethnography, field study, 

mixed reality, mobile devices, mobile HCI, remote collaboration, usability, user evaluation. 

1. Introduction 

Keeping production lines up and running as well as keeping their down time to a minimum is 

of crucial importance within manufacturing and process industries all across the globe. One 

key component in making sure this is done is through efficient maintenance of the different 

components powering the processes in question.  In turn, to help assure that the 

maintenance is done efficiently it is important to be able to supply the technicians with timely 

access to an expert in situations where they require greater insight to solve a problem.  

The most typical way in which technicians receive support today is either by gaining access 

to an expert via e.g. telephone, radio or teleconferencing, or alternatively by having the expert 

be physically present on site and assisting the technician. The downsides of these solutions 

are that tools such as telephones and teleconferencing can lead to communication problems 

stemming from issues with establishing a common ground (Clark et al., 1983; Hills et al., 

2005; Kraut et al., 2003) and requiring an expert to be on site can be quite costly and require 

days of travel if the site is far off. The way the need for external or remote assistance is 

handled outside of these more industrial settings has been studied within the field of 
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computer supported collaborative work (CSCW) for quite some time (ACM Digital Library), 

but when it comes to solutions for remote collaboration within industrial settings it is only 

within the last 15-20 years that we can really see any true investment, mainly through Mixed 

Reality (MR), and it must be said that despite this few commercial implementations can be 

seen (Ford and Höllerer, 2008). 

Technology that allows its users to experience different integrations of virtual reality into 

reality exist today and is referred to as mixed reality (MR). MR has only started to be 

implemented in practical form factors during the last 20 years or so and despite this it is only 

recently that we have been able to see mass market applications outside of the defense 

industry or the odd car manufacturer (Ford and Höllerer, 2008; Zhou et al., 2008). With the 

relatively recent access to capable mobile devices such as smart phones, tablets and the 

upcoming personal heads up displays (Google Glass probably being the most well-known) 

this is changing and we have gained an even greater ability to enhance experiences in our 

daily lives with MR through e.g. games (ARDefender, Nintendo), interactive tourist guides 

(Past View), and advertising (metaio, Layar). 

The potential gains of using MR are quite substantial. Mixed reality can help users more 

easily convey information about 3D objects (Barakonyi et al., 2004), to share one users view 

and allow for guidance in maintenance or repair scenarios (Emerenciano et al., 2012; Kleiber 

and Alexander, 2011; Robert et al., 2013), and to allow for remote guidance in medical 

procedures (Stevenson et al., 2008). Furthermore, using MR in CSCW situations present 

some interesting benefits to sectors such as health care, manufacturing and maintenance in 

the form of e.g. increasing efficiency (Ong et al., 2008), decreasing training costs (Krevelen 

and Poelman, 2010; Pretto et al., 2013), reducing physical strain  (Henderson and Feiner, 

2009), and improved quality (Ong et al., 2008). Offering a shared visual space to focus the 

collaboration around has been shown to alleviate some of the issues related to common 

ground, or the lack thereof (Clark and Brennan, 1991; Izadi et al., 2007; Ou et al., 2003). 

There is also the benefit of a much decreased need for an expert to be on site as a result of 

being able to see the environment while communicating with and guiding the field 

technician. 

As mentioned, the research into MR has only been around for roughly 20 years and is in 

many ways still in its early stages, mostly due to earlier technical restrictions. As a result of 

this, research on MR tools has mostly focused on creating proof of concept styled results 

while neglecting how they are e.g. used and accepted by users as well as how they may impact 

work as a whole (Dünser et al., 2008; Krevelen and Poelman, 2010). This could in turn be 

problematic as MR presents a novel form of displaying and interacting with information. As a 

result, its implementation in a work place could have unintended and unforeseen 

consequences. For example, a general reluctance to accept systems based on such technology 

may occur and stem from a design or implementation based on a poor understanding of MR. 

Furthermore, without understanding to what degree target users are willing to accept mixed 

reality applications or what they actually desire from them many efforts within the field may 

be in vain.  This can be said to be a significant gap in the existing research. The aim I have 

with this thesis is thus to try and gauge target users acceptance of a MR remote video 
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collaboration system as well as gain insight into what requirements exist from their point of 

view. This will in turn be done by means of a field study. 

2. Related research 

Mixed reality (MR) relates to technology that allows users to experience environments that 

exist along, but are not at the ends of, the virtuality continuum. The continuum consists of 

virtual reality on one end and reality on the other (Milgram and Kishino, 1994). Research on 

implementing different forms of MR has been around since the 1960’s but only started to 

gain any real traction in the 1990’s. This can be linked to advancements made in the 

computational equipment needed to truly implement MR in any practical form (Ford and 

Höllerer, 2008; Krevelen and Poelman, 2010). 

The focus of this study is on mixed reality remote collaboration within industrial settings. 

A topic that seemingly has not been greatly explored. As a result I have also had to look at 

how mixed reality has been used in similar fashion, but in other settings or how mixed reality 

has been used in differing ways but in similar settings. A wide range of efforts have been 

made to create practical implementations of MR in different forms, serving different 

purposes and in different environments. One of the first attempts in creating a practical 

application was done by Caudell & Mizell (1992) whose prototype succeeded in assisting 

solitary workers in laying cables during the construction of airplanes at Boeing. Another 

notable early example was KARMA by Feiner, Macintyre, & Seligmann (1993) which offered 

the user a kind of X-ray vision of a laser printer while performing simpler maintenance. 

Towards the end of the 1990’s the collaborative aspects of MR started being studied by 

Billinghurst et al. (1998), Kato and Billinghurst (1999), and Szalavári et al. (1998). These 

studies show that it was possible to create mixed reality visual spaces and objects for several 

users to interact with simultaneously. Also, they demonstrate that the implemented systems 

brought with them some form of added value to the collaboration, such as less 

misunderstanding, better communication of spatial information and a better sense of 

presence. 

More recent examples of MR collaborative implementations have come from Emerenciano 

et al. (2012), Kasahara, Heun, Lee, & Ishii (2012), Kleiber & Alexander (2011), and Robert et 

al. (2013). Kleiber & Alexander’s system consists of a head mounted display (HMD), worn by 

the technician, which identifies the object that is being observed and sends the object ID to 

an application installed on a PC which in turn creates a 3D render of it which the expert can 

view. The expert can then instruct the technician based on this shared view. Emerenciano et 

al. (2012) primarily focused on the protocols that could be used for transmitting the visual 

cues needed to support collaboration. To demonstrate its functionality they developed a 

prototype, consisting of a head mounted display (HMD) connected to a laptop on one end 

(technician) and an iPad on the other (expert). Kasahara et al. (2012) developed and tested a 

system in which multiple users could create and impose three dimensional drawings or 

pictures within the real world that can later be viewed by others using the same application, 

allowing for an interaction and collaboration between users. Robert et al. designed a 

prototype by the name of MobileHelper which consisted of a tablet which, through its camera 
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and screen, could be used to superimpose the experts hand gestures, via their own camera, 

onto whatever the field technician is looking at through a pair of augmented reality glasses. 

Moving on, studies by Gauglitz, Lee, Turk, & Höllerer (2012), Kim, Lee, Sakata, 

Vartiainen, & Billinghurst (2013), and Stevenson et al. (2008) have also looked at how MR 

can be used within collaborative tasks. Stevenson et al. created a system to help physicians in 

performing surgeries by being guided by a remote surgeon. Their system allowed the surgeon 

to view the incision area via cameras and to guide the physician through laser pointer. The 

surgeon could also create annotations on a screen and guide by talking. Gauglitz et al. studied 

how a handheld remote collaboration system could assist in remote guidance tasks through 

utilizing augmented reality by means of creating annotations on screen that stick to the 

environment. In summary their study indicated that their framework helps in improving 

remote collaboration as well as acting as an influence on future interface designs. The study 

by Kim, Lee, Sakata, Vartiainen, & Billinghurst in turn studied how pointing and drawing 

onto a screen could assist in remote collaboration and came to the conclusion that drawing 

facilitates understadning between the users. 

All the above mentioned studies are of clear interest as they have all explored varying ways 

of implementing MR collaboration systems, even though some of them may not be within 

this study’s setting of interest. There is however an issue with the developed systems: none of 

them have been tested by a target user which poses a problem. Without testing the 

envisioned system with target users one would seemingly run into issues with being able to 

motivate the assumed value of it other than through speculation. There are however some 

related studies that have tested their systems with target users as well as in their intended 

environments. 

 Henderson & Feiner (2009, 2011) performed field studies in which mechanics performing 

maintenance tasks within armored personnel carriers got to use their current tools, in 

addition to a HMD with augmented reality instructions and a HMD with a heads up display. 

The goal was to see how the different systems impacted the work as well as the working 

conditions (e.g. physical strain) of the mechanics. Their results were that the HMD enabled 

with augmented reality made the tasks easier to complete but also that the users were willing 

to adopt such a system to aid them in their daily work. Nilsson, Johansson, & Jönsson (2008) 

also involved target users in their study on creating a MR collaborative command and control 

system, through which they gained insight into how to improve their system but also got 

validation for it from the users. 

An issue with the current body of research is the apparent lack of studies exploring 

target users acceptance of MR systems aimed at collaborative work. I am not trying to claim 

that such studies do not exist, but they are few and far between. Those that, to the authors 

knowledge, do exist have studied HMDs purposed for solitary work within medical tasks 

(Nilsson and Johansson, 2006, 2008) and vehicle maintenance (Henderson and Feiner, 

2009, 2011) or have looked at MR within learning environments (Rasimah et al., 2011; Theng 

et al., 2007). While these studies are still of some interest they are not completely comparable 

to that which is of interest to this study. It is also worth mentioning that all the systems that 

have been listed here as having been through some form of acceptance study have been based 
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on the concept of HMDs or stationary units and none on mobile devices such as tablets which 

have been used in MR systems. 

The lack of research into the acceptance of MR systems or devices may very well simply be 

a continuation of what has been observed within the fields of mobile HCI (Kjeldskov and 

Graham, 2003; Kjeldskov and Paay, 2012), of which many MR collaborative systems fall 

within, as well within augmented reality (Dünser et al., 2008; Zhou et al., 2008), which is a 

subcategory of mixed reality. A review (Kjeldskov and Graham, 2003) of research methods 

used within mobile HCI as well as the goal of these studies showed that 41% of publish papers 

focused on some form of evaluation and that the majority of these, 71%, where done in a 

laboratory environment and only 19% as field studies. When a more recent review was 

performed (Kjeldskov and Paay, 2012) 68% of studies were done with evaluation as its main 

purpose, 63% of these were done in a laboratory and 29% as field studies. The reason this is 

of interest is that the kind of AR that is focused on in this paper very much falls within the 

domain of mobile HCI. This trend of field studies becoming more common within mobile 

HCI is positive as most mobile devices seem to be made for mobile usage in more or less 

unpredictable environments, probably beyond what can reliably be simulated within 

controlled lab studies. 

Unfortunately the above mentioned trends that are evident within mobile HCI are not 

reflected in augmented reality (AR) research. In two 2008 reviews of the body of work on 

augmented reality Dünser et al. (2008) showed, based on a broad search of databases, that 

only 28.9% focused on evaluating AR applications and of these only a small part focused on 

collaboration and usability while the majority focused on performance. The other review by 

Zhou et al. (2008) which focused on a specific conference and its forerunners showed the 

number to be even lower, 5.8%. Furthermore the vast majority relied on objective 

measurements while qualitative analyses and usability techniques were seldom used.  

The problem with the existing research is, as I see it, a general lack of studies working to 

bring validity to both their concepts but also the notion of using mixed reality to create 

remote collaboration systems. Furthermore few developed systems seem to build their 

functionality on what the target users actually would desire from their systems. It is in this 

lack of research I base my study, to gauge the willingness of target users to accept a MR 

remote collaboration system as well as try to gain insight into what it is they see as essential 

features of such a system through a field study.  

3. The Study 

In this section I will start by introducing the system for remote collaboration that was used in 

the study. Following this comes a description of the methodology and its implementation.  

3.1. The remote collaboration system 

The remote collaboration (RC) system used in this study is a prototype design of a mixed 

reality system. The prototype is developed by ABB Corporate Research Center and based on 

an earlier prototype originally developed by Kim et al. (2013). The RC system consists of two 
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software applications developed for both Windows 7 and Android (Honeycomb and later 

versions). 

 The system’s purpose is to assist in remote collaboration situations by allowing the users 

to share cooperative visual spaces, both in the form of live video streaming and a still image 

gallery created by the users themselves. The system also supports the use of annotations 

through a drawing tool (image 1). For the system to function both users need to be within the 

same network. 

 A typical use case can be as follows. A technician informs a remote expert that there is a 

need for assistance. The technician is able to show the environment via the streaming feature 

and the expert takes a snap shot to better indicate which area is of interest. To further clarify 

what should be done both users can use annotations to clarify what the problems are and 

what needs to be done. 

 The graphical user interface (GUI) looks near identical on both platforms. Interaction with 

the system is done through tactile input on the Android version and through a mouse on the 

Windows 7 version. The mouse is connected to the laptop via a USB port, or via the track pad. 

As can be seen in image 1 the GUI consists of a central screen where either the live stream or 

the still image(s) can be viewed, depending on chosen mode. The mode can be chosen by 

either pressing the camera icon in the top right corner or choosing a picture already in the 

gallery, which is to the left. There are also (going from top to bottom) buttons for drawing, 

erasing all annotation currently on screen, changing color and changing thickness of the 

drawn line. Furthermore, by pressing the draw button (pen icon) a menu appears from which 

a pointer tool or eraser tool can be chosen. 

In this study the tablet used was a Nexus 7 and the laptop was a HP ElitebBook 2540p 

with the interaction handled via the built-in track pad. For a more detailed description of the 

system and its technical aspects see (Domova et al., forthcoming.).  

3.2. Methodology 

In the following two subsections the methods used for both data gathering and data analysis 

will be described and discussed. 

3.2.1. Data gathering 

In their paper Kjeldskov and Stage (2004) point out three difficulties associated with testing 

mobile systems in field studies, namely problems with establishing realistic situations, 

Image 1. Image showing the GUI on PC (left) and tablet (right). 
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applying the evaluation techniques, and gathering high quality data. While these issues are 

largely controlled for in laboratory studies they themselves impose other disadvantages such 

as a problem in recreating any resemblance of realism. The system being tested is not solely a 

mobile system, but also a mixed reality one. This in turn also adds to the problem with testing 

as pointed out by Bach and Scapin (2004). The issue regarding MR is linked to its relative 

novelty and that there are no concrete guidelines and routines in place for how they should be 

tested. Due to the aim, attempting to understand how the described MR system can affect 

work situations, the choice was made to perform a field study. 

The methods chosen are observations of simulated use in actual work contexts and semi-

structured interviews, both of which fall within the realm of the rapid ethnographic method 

(Millen, 2000; Sperschneider and Bagger, 2003). The reasons behind these choices are quite 

simple. They are established methods for gathering the qualitative data that is of interest as 

well as being well-established and accepted means of gathering information regarding user 

behavior and opinions. Observations have allowed me to gain insight into how the users 

actually use the prototype, what problems they may face as well as how they solve any 

encountered problems (which might not get reported via interviews). The observations were 

also recorded which served two purposes: to create a record that could be accessed for later 

analysis and to be used as a basis for questioning in conjunction with the interviews if 

needed. The reasoning for the choice of semi-structured interviews is that there existed a 

clear goal with the interviews, i.e. with the aim of the study came a clear indication of what 

kind of information was needed. Furthermore, as the study was focused on a novel artifact 

there also existed an interest in getting responses that may not have been thought of 

beforehand, e.g. due to observations or participant responses. By using interview instead of 

other similar data gathering techniques the participants are also able to better focus on 

delivering their responses. It also does not demand that the participants share their attention 

between answering questions and performing other tasks. For a full view of the prepared 

interview questions please view the Appendix B. A contextual inquiry and an open ended 

interview were also performed with one of the participants.  

Naturally there are limitations to the methods that have been chosen. The main issue with 

interviews is that there is no guarantee that the participants will be vocal enough and 

contribute with a great deal of insight. To avoid this the interviewer needs to be able to 

engage and help motivate the participant, something that is not always straight forward. By 

having the interviews following the observations there is also a risk of the participants 

forgetting or in other ways altering their perception of what is being studied, something that 

could be combated by using e.g. the think aloud protocol. Think aloud was not chosen 

however based on that it may have interfered with interaction and collaboration that was at 

hand due to the need for the participant to communicate with the other participant as well as 

with me, the study leader. Similar information can also be gotten by performing an interview 

shortly after an interaction (Hertzum et al., 2009). Furthermore the inclusion of observations 

could cause the participants to act in ways that they otherwise would not have precisely 

because they have someone following them and documenting their actions. Other methods 

could be used to gathered similar data but as there is an explicit need to gain insight into how 

the participants behave with the system, not only what is being done with it, the decision was 
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made that observations would be the best suited method. Another issue that may arise is that 

the participants may censor themselves when it comes to acting or answering in ways that are 

primarily positive as a result of evaluating a system that I, according to them, have a stake in.  

The exact implementation of the methods varied between each study session due to the 

less predictable and controlled nature of a field study and as such there is general ad-hoc 

touch to the study. This in itself should not pose too large of a problem especially taking into 

account what Woolrych et al (2011) put forth regarding methodologies in HCI research, i.e. 

that methods should not be seen as “cut and paste” solutions but rather as guides or, as they 

put it, recipes that need to be adapted to what goals are had. They further point out the 

problem with determining what method(s) is best as “best” can mean different things such as 

most thorough, cheapest, easiest or fastest, to name a few possibilities. This need, to adapt 

and choose based on what context, goals and restraints one has with the testing, is further 

supported by Wiberg (2003). 

3.2.2. Data analysis 

The interview material was coded and analyzed based on a thematic analysis as described by 

Braun and Clarke (2006). They describe the method and its use in relation to research within 

psychology but the core process is still usable in this study and relevant in its application. 

Furthermore there is, compared to data gathering, a lack of data analysis descriptive material 

related to HCI (Kjeldskov et al., 2004), which can explain the need for looking outside of the 

field to find appropriate methods. The thematic analysis entailed that the collected interview 

data was reviewed repeatedly to identify and structure the material into distinct categories 

and subcategories. The video material was treated in a similar fashion, going through it a 

number of times looking for patterns and interesting behaviors and actions. 

3.3. The design 

Here follows descriptions of how the pilot and field studies were designed. 

3.3.1. Pilot study 

In preparation for the main study, two pilot studies were performed with the purpose of 

testing out the chosen methods and their procedures as to be able to perform any needed 

changes to them prior to the actual testing. They were also used as a screener for any eventual 

bugs or issues that needed to be resolved to ensure a greater stability during the testing.  

The pilot study was comprised of a simple task to start an electric motor, take a reading of 

its power output and adjust it accordingly. The task was to be done in pairs where one 

participant took on the role of an expert whose task was to guide the technician, the role of 

the other participant, in performing this task (see Appendix A). To their help they had the 

prototype recently described. 

3.3.2. Field study 

Due to the unpredictability of field studies, this being accentuated by being reliant on 

external companies’ cooperation and interest, the performed studies had an ad-hoc quality to 

it. They were all done following the same general layout as presented in the pilot study but 

when it came to the tasks that were being performed they differed as a result of location 

(availability of testing environments and equipment) and current participants (their area of 
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expertise). An example of a task that was performed was the taking of readings from different 

units controlling the air circulation within one of the complex’s buildings. 

3.4. Participants 

3.4.1. Pilot study 

The two pilots were composed of 4 participants in total, 2 male, 2 female, ages 23 – 32. The 

participants were all thesis workers at ABB Corporate Research and were chosen due to 

availability and willingness to partake. Three out of the 4 participants had prior experience of 

maintenance work combined with a need of receiving or giving of guidance. 

3.4.2. Field study 

The 6 participants, all male and ages 34 – 55, where all chosen based on availability. The 

process of recruiting them was simply asking contacts at companies that had agreed to 

partake in the study to help us recruit relevant participants. To ensure that they help in 

recruiting the most relevant participants possible meetings where had with them as to 

introduce the study, its purpose as well as the purpose and target user groups and scenarios 

of the prototype being tested. The participants included 5 technicians and 1 control room 

operator. 

3.5. Procedure 

3.5.1. Pilot study 

The studies were carried out with the participants in pairs, where one took on the role of an 

expert giving remote assistance to a technician (the other participants role) performing a 

maintenance task. The pairings were male-male and female-female and the pairing was solely 

due to availability of the participants. One participant, playing the role of a technician, was to 

start an electric motor by receiving instructions from the other participant, playing the role of 

an expert. The communication was handled via the system described earlier as well as 

through speech.  The system does not support voice communication as of yet and to get 

around this the participants were stationed within close proximity of each other but on 

opposite sides of a wall so that they could not see each other. The technician used the tablet 

and the expert used the laptop. Before the actual test started the participants were given time 

to get accustomed to the system as well as a minor task to perform that made them use the 

most important features within the system. After the observation was done the participants 

were debriefed separately using the interview guide as a basis (see Appendix A). 

3.5.2. Field study 

The field studies were, as the pilots, carried out with the participants in pairs with one taking 

on the role of expert and one the role of technician. There were however a few differences. 

The role of expert was held by the same participant each time due to two factors; his 

availability and his experience. The communication between the participants was handled in 

part via the application itself and in part via the participants work cell phones. The expert 

used the laptop PC and the technician used the tablet. Before the actual testing started they 

were given a walkthrough of the functions and time to familiarize themselves with the 
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application. After the observation was done the participants were debriefed separately using 

the interview guide as a basis (see Appendix B). In all 5 participants took part in the 

observation and following interviews. 

3.5.3. Contextual inquiry and unstructured interview 

The contextual inquiry as well as the unstructured interview were both done ad hoc as a 

result of the opportunities presenting themselves and where also done one two different 

occasions. The open ended interview was done in conjunction with an initial planning 

meeting and was with one of the control room operators. This same participant later partook 

in the contextual inquiry which aimed to get a better understanding for the procedures within 

the control room and how the operators work therein. 

4. Results 

The analysis of the interview material resulted in 3 main categories with a total of 12 

subcategories and one of them having an additional 3 subordinate to itself (Table 1). This 

section is also subdivided into three based on these categories. 

 
Table 1. Table showing the categories, and their definitions, that came as a result of the data 
thematic analysis process. 

Category Level 1 
Subcategories 

Level 2 
Subcategories 

Definitions 

Positive Collaboration  Positive comments regarding 
collaboration and how it is or could be 
affected by the tool. 

 Effects on work Efficiency Positive comments regarding the tools 
effect or potential effect on work 
efficiency, routines or how they teach 
new co-workers. 

  Routines 
  Teaching 

 Interaction/use  Positive comments regarding 
interaction, e.g. GUI, and the use of 
the tool.  

 Function & feature  Positive comments on existing 
functions or features. 

 Attitude  Positive comments regarding the 
participant’s attitude toward the tool. 

Negative Collaboration   Negative comments regarding 
collaboration and how it is or could be 
affected by the tool. 

  Effects on work   Negative comments regarding the 
tools effect or potential effect on work 
efficiency. 

 Interaction  Negative comments regarding 
interaction, e.g. GUI, and the use of 
the tool. 

  Function & feature   Negative comments on existing 
functions or features. 

  Risks   Comments regarding potential risks 
associated with a potential introduction 
of such a tool in the work environment. 
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Suggestions As a result of a 
negative 
experience 

  Suggestions that came forth due to a 
negative experience with the tool. 

  Spontaneous   Suggestions that came forth in the 
general context of use or reflection. 

 

As seen in the figure above, the findings from the interviews were categorized into the three 

main categories of positive comments and feedback regarding the tool and its potential, 

negative comments of the same nature, and suggestions to the design and functionality of the 

tool stemming either from negative observations made by the participants or seemingly from 

general reflection on their part. 

Through the analysis and reviewing of the results it became clear that overall there was an 

acceptance and appreciation of the tool, but that there despite this also existed a number of 

key issues that would cause the participants to be hesitant towards fully adopting it as a 

mainstay tool in their workplace. It should be mentioned that any answers quoted in this 

section have been translated by me into English from Swedish. 

4.1. Positive 

The tool’s effect on collaboration was as a whole good. It was perceived to decrease the risk of 

misunderstandings and the potential frustration that may come as a result and this is in turn 

further assisted in maintaining a collaborative mood, compared to the tools they currently 

had access to. A number of participants also expressed that they felt that by being able to 

share a visual space they were more easily able to “speak the same language” and that it 

added a different and needed dimension to the communication, “You get the details of what 

was important and know that you are talking about the same thing”. Linked to this, several 

also made it clear that they perceived that they were able to solve their tasks more efficiently 

due to less misunderstandings as well as a general saving in time as they did not have to try 

and relay spatial information in the same degree. A majority also pointed out that even 

though the tool helped them in the scenarios they applied it to, the real gains would be made 

when having to deal with more complex issues. A few expressed that time and resource could 

be saved as a result of there no longer being a need for the expert to have to transport himself 

to the technician in need of assistance “With more serious issues you can get the help you 

need right away, it decreases the lead times”. 

The results concerning the interaction with the tool as well as its features and functionality 

were also positive. It was perceived as being very simple and easy to use and interact with 

resulting in a short learning curve “It was quick and easy [to learn how to use], it could not be 

simpler”. The features that allowed for a shared visual space and allowing for simultaneous as 

well as two way interaction were all highly appreciated and found simple. The majority did 

not experience that any of the features where superfluous, and the ability to create 

annotations was widely seen as a key functionality. 

4.2. Negative 

Moving on to the results that categorized as negative. On the collaboration front a few 

expressed that the lack of any voice communication directly through the application hindered 

their ability to collaborate efficiently “Adding voice [communication] would really be an 
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advantage”. This limitation was also perceived to lead to a decrease in efficiency as a result of 

it taking longer to convey information. On a similar note a number of opinions were raised 

regarding a need for text input as the drawing function was seen as insufficient to be able to 

efficiently convey information, especially of a more complex nature. Another shortcoming 

that was perceived by a number of participants was the missing ability to either zoom in the 

camera while recording or before taking a picture as well as being able to zoom in on pictures 

that had been taken. The reason for this being a problem was that some details are either 

quite small or in a position that is difficult to get near enough for a close enough view. 

Another issue related to picture and video quality was that in some environments it was too 

dark as a result of the environments lighting and the inability to control the built in LED 

light/flash (in the tablet). 

Looking at the functions and features the majority of participants were of the opinion that 

a Wi-Fi only device would not suffice, which is also supported by the observations. The 

reason being that Wi-Fi coverage does not exist all through the facility and there are no 

guarantees that it is fully usable within those areas where it is present. One participant even 

commented “Without GSM support we wouldn’t really be interested [in such a product]”. 

Other functions that received negative responses were the pointing tool which was seen as 

unnecessary and the same was said for the ability to change thickness of the lines drawn. 

Furthermore it was observed that the ability to see the status of the collaborative partner in 

the sense of where they connected and in sync was lacking. The ability to connect to another 

tablet was also expressed as something missing as the expert most likely does not want to be 

carrying a laptop around with them. 

The identified risk with the tool were an expressed concern with the device’s (a Nexus 7) 

durability, and a minority of the participants pointed out that it may act as a distraction in 

certain situations as well as it posing a concern relating to the network safety. 

4.3. Suggestions 

The interviews also resulted in a number of suggestions for improvements or alterations. The 

following ones are linked to the negative opinions expressed by the participants. Nearly all of 

all participants desired an inclusion of built in voice communication and chat functionality to 

ease communication and thus also the collaborative efficiency. Adding the ability to zoom 

while in the camera mode and/or in picture viewing mode as well as the inclusion of being 

able to control the flash would also aid in being able to relay visual information. Furthermore 

adding support for communication via the mobile network would add significantly to the 

systems usability in that it would allow for usage in a much wider range of environments. 

Finally, being able to connect a tablet to another tablet would also increase its usability as 

both users could be mobile and not confined to a specific space. 

The following suggestions seemingly came as a result of reflection by the participants and 

are not directly linked to any critiques of the tool itself. A number of participants pointed out 

the added advantage a document sharing with feature combined with annotations would 

have. Being able to use the system as a guide through GPS or GPS like functionality was also 

mentioned as potential added value. If the system was able to be integrated with the local 

control system it would be easier to manage the information supply and demand. A desire for 
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the ability to save the pictures and recordings made for later use was mentioned by the 

majority of participants. Adding the ability to notify when someone is trying to establish a 

connection would reduce the amount of devices needed. Lastly, some way of being able to use 

the system while wearing gloves would be useful, especially in winter. 

Regarding the tool’s potential effect on the routines in place a few of the participants 

thought that the routines would most likely change as a result of the how the tool increases 

the ease in which experts can be accessed. A comment was also made regarding the potential 

in using the tool as a means of teaching new or inexperienced co-workers how to perform 

different task and to find their way within the complex. A few participants did express an 

uncertainty regarding if the introduction of such a system would change the way the work 

was done in any larger extent other than simply easing collaboration. The reason was that as 

they have never used such systems before it is hard to say exactly what might change “Yes, 

there are absolutely moments where we would change how we do things, but I think different 

units would change different things, if they change at all”. 

The results from the observations mainly support the information gotten through the 

interviews, with one exception. The majority of participants expressed that they found 

interaction with the device simple, but based on the observations it was quite clear that a 

number of them struggled with either selecting the desired features or failed to read the 

devices status. Potential reasons for this will be discussed later on.  

During the interviews it also became clear that many of the participants supported the 

choice of a tablet over that of a head mounted display (HMD). Most expressed opinions that 

HMDs either are or seem very bulky, intrusive (cannot easily be put away) and unwieldy with 

the risk of cables getting stuck on the environment. Their experience is based in previous 

testing of such equipment in connection to a company trying to promote and sell such a 

system.  

Image 2. Participant using the tablet to communicate with the expert. 
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5. Discussion 

Given that this study is a qualitative one the results cannot truly be generalized unto any 

population other than the tested one. Nonetheless, I stand by the findings that I will put forth 

and also point to other studies that have found similar support for MR systems as further 

validation of my results (Henderson and Feiner, 2009; Nilsson and Johansson, 2008; 

Nilsson et al., 2008; Rasimah et al., 2011; Theng et al., 2007). The relevance of the findings 

lies in that the findings do not come from controlled environments and participants with 

varying relation to the intended use cases. Instead they come as a result of having involved 

intended users and having had them use the system within their normal work environments 

where a number of unforeseen and uncontrollable situations may and did appear, which can 

be argued to show the “true colors” of a system better than what can be done otherwise. Thus 

it could be argued that a field study can lead to implications that are easier to generalize than 

those from a lab study. The reason for this is that a lab study is at its best within an 

approximation of a true environment while a field study is within a true one. Also, based on 

the findings and related work it is valid to say that although none of our studies can claim any 

degree of generalization they can together indicate a clear trend towards an existing 

acceptance of MR systems to aid in work task and environments of a varied nature.  

5.1. The findings 

The main findings, based on the results and purpose of the study, are as follows. There is an 

indication of an interest in and willingness to adopt remote collaboration systems purposed 

for use within the industry. There are certain key functions that seemingly need to be present 

for an adoption, of the tested system, to be possible; at least within the company this study 

was based. 

One of the main findings is, as mentioned, that all the participants expressed an interest in 

and willingness to adopt a system such as the one tested. This is important as the vast 

majority of research done on products or prototypes aimed at being used for either remote 

and/or mobile collaboration, or to simply enhance solitary workers ability has focused on 

proving that their creations work (Dünser et al., 2008; Kjeldskov and Graham, 2003; 

Kjeldskov and Paay, 2012). While this is all good and well they have failed to truly motivate 

what they have created as being of any interest, other than through speculation, to their 

intended users. There are naturally exceptions to this (Henderson and Feiner, 2011; Nilsson 

and Johansson, 2008) but the majority, as stated, seem to have been quite introspective. This 

is why I claimed that the study has been able to indicate that systems such as the one tested 

have support from their intended users.  

On a similar note, the findings indicated that there is a greater support for collaborative 

systems that are mobile based, be it smartphone or tablet, compared to HMD systems or 

similar wearable solutions, due to previous experience with such a system. Now this 

particular finding may very well be linked and limited to the tasks that the participants 

normally perform as well as their work environment and how that environment is interacted 

with. What is meant with this is simply that because their tasks do not normally require long 

periods of both collaboration and manual work (simultaneously) the added freedom (having 

both hands free) that HMD’s offer does not outweigh the perceived cost of using it, such as 
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not being able to easily put it away and its general bulkiness. It is worth mentioning though 

that other’s studies have shown that target users would be happy to use HMD’s to assist in 

their work, but those studies also focused on completely different use cases (Henderson and 

Feiner, 2011; Nilsson and Johansson, 2008). 

Another contributing factor to the willingness to adopt a MR system seems to be the 

general increase in efficiency as well as the improved use of resources that it could bring with 

it. Based on the gathered data, the tool would lead to resources being able to be spent in a 

more efficient manner due to work being able to be done faster at an equal, if not higher, 

quality as well as eliminating travel times. It may also lead to training not taking up as many 

resources, as a result of being able to use the tool to support the guidance that new or 

unexperienced co-workers need. Furthermore it would seemingly bring with it a few risks, 

although such a conclusion is difficult to draw based on the limited feedback and would most 

likely require further studies. The ability for collaborative tools to aid in knowledge sharing 

within an organization (Ackerman et al., 2013) can also be seen to tie into being able to use 

resources more efficiently. 

Holland & Stornetta (1992) put forth the notion of “beyond being there”, that a system can 

offer an experience that gives the users an experience that surpasses the one when 

collaborating in person. They go on to argue that it is a crucial aspect that must be possessed 

by any remote collaboration tool if it is to be used in favor of collaborating in person, and this 

is something that MR systems are seemingly getting close to achieving. Looking at the 

results, this view is further strengthened as the participants expressed that they found the 

system reduces the risk of miscommunication and to support common ground better than 

any current means of remote collaboration they had used. Being able to offer enhanced 

capabilities is not something unique for the tested system though, many of the systems 

described earlier also achieve this but in different ways. 

The capabilities, or features, of the system played an important part in why the 

participants were positive to adopting the system or similar systems as an aid in their daily 

work. Based on the participants, scenarios and environment that were a part of this study a 

number of system crucial features where identified, and omitting of any could lead to a 

system simply not being seen as of an interest any more. For a remote video collaboration 

system to be a valid option it must include the ability for video streaming, to take pictures, to 

add annotations within a shared space as well as to allow the users to communicate though 

voice and text. The need for text communication was an unexpected one but it is supported 

and supports the findings made by Scholl, McCarthy, & Harr, (2006). The system must also 

allow for communication over a variety of network solutions (e.g. Wi-Fi, mobile networks). 

This is not to say that these are the only features needed to be able to create and offer a well-

accepted solution, but they represent what could be said to be the core functions of a remote 

video collaboration system. These findings can be compared to what Billinghurst & Kato 

(1999) concluded about what characteristics MR teleconferencing systems should have. They 

were: support existing tools and work techniques; ability to bring real-world objects into the 

interface; that the shared workspace must be a subset of the interpersonal space; audio and 

video communication; the ability to maintain eye contact and gaze awareness. Their findings 
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do not completely correspond to mine, due to the study of systems with different purposes, 

but there are some similarities. 

The importance of this feature list is that there seemingly is a lack of guidelines when it 

comes to creating any form of MR system. There are some general ones and some that are 

better suited to specific use cases. There is nothing wrong with general guidelines, but they 

do not seem to be well accepted. This is something perceived as missing and thus is also the 

reason why my findings are important. They can aid in creating some form of general 

guideline for MR collaborative systems. 

5.2. The study 

The findings may have been more nuanced if the study had not been reliant on one sole 

researcher performing it. The reason being that there would have been more than one person 

performing the interviews and observations as well as analyzing the results which could have 

helped combat any researcher bias, both in the data gathering and its analysis, as well as led 

to additional insight being gotten as a result of other points of views being applied to the 

material. Furthermore, a relative novice understanding of the chosen analysis method could 

also have impacted the uncovered results. 

Due to the study’s setting and the limited access to the participants there was no 

possibility to gather control data to be used as a baseline to compare how the prototype 

affected the performance of the users. Even if this had been a possibility the small sample size 

per unique task tested would have left such observations without any true statistical power, 

not to say that they would not have been of value. Such control data could still have given 

indications of how the performance was affected, if it was at all. Another reason for why its 

absence does not necessarily pose a large problem is the fact that the participants would have 

been compared on performing a task in a way that they are well used to, that they have a 

routine of doing, to a way that they have had no prior experience of which no doubt would 

have an impact on factors such as completion times and number of errors. 

The reliance on interviews to gain insight into the participants’ views and experience of 

using the system was well grounded, but the implementation did have some faults. For 

instance no audio recordings of the interviews were made. This may have had an effect on the 

results as it is possible that comments of value simply were missed, but as all except one of 

the participants were short with their responses the risks of this having happened could be 

argued to have been reduced. This can in turn also be seen as a weakness with the method, or 

rather with its implementation. The reason for their behavior may have been as a result of the 

interviews actions, but it could also has come due to other factors such as the way of 

communicating or out of social factors (Briggs, 1986). Furthermore, as was mentioned in the 

results there one discrepancy between the answers they gave and what was observed during 

the tasks was found. The participants reported that the interface was easy to use and 

understand, yet a number of them seemed to be struggling with reading the interface and the 

systems status. A reason for this having occurred could be that they, as a result of knowing 

that they were using a prototype, disregarded the difficulty. Another could be that they did 

not want to seem less competent. Whatever the reason may be, this irregularity between their 
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answers and actions does open up for the possibility of other differences having been present 

but not having been noticed. 

As previously mentioned the observations can also be accredited with some weaknesses 

when it comes to their implementation. The main one is that there was only one observer to 

observe both participants, although it could not practically have been handled in any other 

way. This undoubtedly led to some behaviors being missed, e.g. the camera filming the expert 

only captured the screen and the expert’s hand interacting with the laptop missing the 

expert’s body language and facial expressions, which could have given further insight. 

Finally, the value that the field study in itself has presented as compared to what a lab 

study ought to be pointed out. There are differences between what kind of issues the two 

methods (Kjeldskov and Stage, 2004) regarding e.g. usability, and this is nothing that is 

argued against. There is also no attempt to claim that involving users in the design and 

product development process is anything new as user-centered design (UCD) processes have 

been around for some time. However, more researchers should include field studies early on 

in their prototypes even if UCD isn’t explicitly part of the process. The reason being, quite 

simply, that by being able to test one’s prototype within genuine usage settings early on there 

is a greater chance to avoid digging oneself into an all too deep hole with different design 

choices. Looking at the study two good examples of this are the overwhelming desire for 

document sharing as well as the need for mobile network support. Now these two examples 

may not seem grave but think about it this way instead. Had the prototype been tested within 

a lab setting, even if it was done with genuine users, these two points may not have been 

pointed out as they very much came out of the context in which they were used. The need for 

the mobile network support came out of the problems with skip zones within the facility 

where Wi-Fi was not present but mobile coverage was, as well as there only being Wi-Fi 

coverage within the office buildings. The benefits of including a document sharing feature 

were brought up during the actual usability testing in which several technicians pointed out 

that it is not always that they know how certain devices are connected to each other and 

where the different devices within the connection are located, something that had been 

partially solved by having e.g. having printed circuit diagrams laying around near the devices. 

Had the study been performed within a controlled setting such findings would most likely not 

have been made due to the lack of context as well as the “atmosphere” during a lab study in 

which there may exist a larger risk for demand characteristics. 

As mentioned in the start of this discussion, due to this being a qualitative study the 

results can be difficult to generalize. When looking at the results as a whole, generalization 

does seem out of the question. The main issue is if the tested population can be said to be 

representative of a larger one. This though, I would argue is not completely black and white. 

With my study as a basis I would say that my findings can be divided into general and non-

general ones. From the standpoint of focusing on what context the individual findings came 

out of instead of only looking at the study format it could be argued that some findings may 

be generalized unto a larger, but still limited, population. Take for example the expressed 

need for voice communication capabilities. The need for such a capability can likely be 

extended unto any user group that use MR or mobile devices for collaboration as well as any 

group that need to be able to use other input mediums in parallel with communication 
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whether it be in a mobile setting or not. One might argue against this saying that 

generalization is not possible as it only stems from the opinions of a few users’ filling a 

specific role within a specific company. To this it can be said that certain results, as the one 

exemplified, represent use cases that would be difficult to argue are only limited to the 

specific testing conditions present during this study. As a result it can be seen to carry enough 

weight to be generalized to a greater user group. Thought as stated, it cannot be done with all 

findings as some are linked to this specific study, e.g. the desire to have the system linked to 

their control system. The reason this cannot be done is that it would be difficult to say that 

such a need would exist in other situations as well as the underlying desire for this feature, 

the control systems functions, cannot be easily said to exist elsewhere. Furthermore, support 

for this specific system cannot be generalized as every work environment is unique and would 

demand specific functionality etc. from a MR system. 

This pattern of certain findings having a greater ability to be generalized than others is 

permeated through the results as a whole. As was mentioned earlier in this paper there are 

some studies that have involved their systems target users to explore the acceptance of the 

tested systems. Those studies in conjunction with this one can state that a support from MR 

systems does exist, whether it be, collaborative or not, within a range of work settings. 

Furthermore, it is worth spending more time and effort to continue exploring how such 

systems can be used for best effect within different settings. 

It is also important to keep in mind that this study is one of few that has included a field 

study to not only evaluate a MR system purposed for collaboration as well as for trying to 

gain insight into the acceptance of such systems. From this stand point this study does 

become more important as results that stems from such studies and the insight that they 

carry with them are severely lacking within the field. That so much research has been done on 

systems with specific target users but without their involvement is beyond me, and the hope 

is that this study, together with those that came before it and those that hopefully will come 

after it, will help lead to change. 

6. Conclusion and future work 

To conclude, the study’s results, combined with previous work, indicate a support for and 

willingness to adopt new tools enhanced with MR to aid in daily work across a range of 

environments. However, due to this being a qualitative study it lacks the ability to generalize 

this finding. Based on this it could be argued that there exists a need for a large scale 

quantitative study to accurately identify in which sectors a genuine interest for MR systems 

exist as to allow research efforts to be better focused on those. 

There are also a few ways to build upon this study. The first is to help support it by 

gathering qualitative data which could add to the results and offer new findings. The second 

is to further investigate how the system, or a similar one, could affect the work structure 

within an organization. Some of the participants indicated that an introduction could lead to 

changes but the ways this could happen were quite limited. Thus it would be suggested that 

the next step should include a longitudinal study following the pre-adoption, adoption and 

accustomization phases of a (or several) MR systems within a work place. The purpose would 
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be to gain understanding of the factors that determine how well a system is received, how it is 

used as well and how the usage may change over time. A further study could also deepen the 

knowledge about more complex issues such as potential behavioral and structural changes 

within the work place. Such a study would also hopefully contribute to establishing general 

guidelines for the creation of MR systems aimed at work place usage, something that is 

missing today. Finally, a reviews on the topic of mixed reality acceptance and guidelines may 

be needed to further solidify both the notion that people want MR systems and how they 

should be approached regarding functions as well as included devices. 
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Appendix A 

The first step is to instruct the technician to turn on the motor by 

pressing the highlighted button (see image 1) that is position at the 

bottom right on the right half of the motor (see image 2)   

Image 4 

Image 3 
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The next step is to instruct the technician to activate the motor by 

turning on the two switches marked with a 1 and a 2 in image 3. 

 

After that has been done. Instruct the technician to turn the knob 

that is encircled and marked with a 3 so that the power is at about 

6%, see image 4. 

  

Image 5 

1 

2 

3 
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Image 6 
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Task description 

Each of you are going to play a role in during this test. One of you 

will take on the role of a technician and the other the roll of an 

expert. 

The technician is in the scenario that he needs to restart an electrical 

motor that has stopped but does not know the exact procedure of 

steps to accomplish this goal. Furthermore he also needs to bring 

the engine up to a certain performance level. 

This is where the expert steps in. By having the technician establish 

a connection with the expert through the use of his tablet and the 

expert’s laptop the expert will now be able to guide the technician 

through the process of restarting the engine and tuning it to the 

right performance. 

Before the actual test takes place you will both have the opportunity 

to familiarize yourselves with the tools that you will be using. Do 

note that you are allowed to talk to each other during the 

familiarization but once the actual test starts you are not allowed to 

talk. If you despite this feel that being able to talk to the other would 

help in completing the task please notify the test leader. 

The familiarization tasks are as follows. 

The technician takes a picture of an object and marks the object(s) 

of interest. 

The expert removes the markings and adds his own annotations on 

what should be done. 

The technician returns to the video mode and does as asked. 

The expert takes a picture of what he wants and compares the two 

pictures that have been taken. 
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Interview questions. 

Name: 

Age: 

Familiarity with using products which have a similar GUI: 

Job title: 

How long have you had this position or similar positions? 

 

Do you feel that you had gotten a good understanding for how to use 

the prototype before you started with the main task? 

Did your understanding change while using it? 

 

Can you please tell me about how you perceived the interaction with 

the prototype? 

 

Was there anything that stood out as positive or negative regarding 

the interaction? 

 

Can you tell me anything about how you perceived the prototype as 

a whole? 

 

Did you experience that your efficiency was affected by the 

prototype in any way? 

 

Do you think that the prototype affected the task in any way? 

 

Before you started using the prototype to solve your tasks, did you 

think it could be of use? 

 

Did your opinion change as a result of having used it? 

 

Why or in what way? 

 

Where there, in your opinion, too many functions? 

 

Where there any functions that you missed? 

 

What would be your opinion about introducing this prototype or a 

product of a similar nature as a standard work tool? 

 

If you were completely free to shape a product with a similar 

purpose, what would it be like? 
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Appendix B 

Intervjufrågor 

Roll: Expert eller Tekniker 

Namn: 

Ålder: 

Hur länge har jobbat på Käppala/med liknande uppgifter: 

 

1. Behöver du ofta fjärrsammarbeta som en del av dina arbetsuppgifter? 

 

2. Hur bekant är du med liknande gränssnitt? 

 

3. Känner du att du fick en bra förståelse för hur du kunde använda prototypen innan 

det att du började med själva experimentet? 

 

4. Förändrades din förståelse medan du använde den/efter att du var klar?  

 

5. Kan du berätta för mig hur du upplevde interaktionen med prototypen? (Enkel/svår, 

kul/frustrerande)  

 

6. Fanns det något som stod ut som positivt eller negativt med interaktionen? 

 

7. Kan du berätta något om hur du upplevde prototypen som helhet?  

 
8. Upplevde du att din effektivitet påverkades av prototypen på något vis? 

 
9. Med tanke på samarbetet, hur upplever du att den påverkades av prototypen? 

 

10. Anser du att din kommunikationsförmåga påverkades av prototypen? 

 

11. I din åsikt, påverkades uppgiften av prototypen på något sätt? 

 

12. Innan du började använda prototypen för att lösa uppgiften, trodde du att den skulle 

kunna ha varit av användning? 

 

13. Påverkades din åsikt efter det att du använt den? 

 

a. På vilket sätt/varför (inte)? 

 

14. Fanns det för många funktioner? 

 

15. Saknade du någon/några funktioner? 

 
16. Om du hade helt fria händer att utforma din egen produkt, hur skulle den då se ut 

(funktionsmässigt, utseendemässigt, plattform etc.). 

 



7 

 

17. Hur tror du att införandet av ett system liknande prototypen skulle kunna påverka 

hur arbete genomförs här? 

 
18. Hur skulle du ställa dig till om en produkt som denna infördes som ett 

standardverktyg på din arbetsplats? 

 
19. Skulle en sådan produkt kunna ha en inverkan på arbetsplatsen?  

a. På vilket sätt? 

 
20. Anser du att en sådan produkt skulle kunna få en inverkan på ditt/ert sätt att arbeta 

på? 

a. På vilket sätt? 

 

21. Skulle den kunna påverka arbetsdynamiken? 

 

22. Anar du några potentiella risker, för dig eller företaget, med ett införande? 

 
23. Har du några andra kommentarer? 

 

 


