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Abstract  

In this project, we explore eye-tracking enabled interaction in augmented reality for training, 

teleassistance and controlling Internet of Things devices in the forthcoming manufacturing 

industry. We performed a design exploration with industrial partners that ended up with the design 

and implementation of a series of prototypes using gaze for interaction. To explore the possible 

benefits, we compared their efficiency, effectiveness and user experience against counterparts not 

using gaze. Overall, we found that participants using the eye-tracking implementation scored better 

on a subjective user experience questionnaire regarding comfort, stress and perceived completion 

time. In training prototypes, participants performed faster and committed fewer errors, while in the 

teleassistance and the Internet of Things prototypes they performed similarly to mouse or touch. We 

hence argue that augmented reality and eye-tracking can improve the overall experience of users in 

the manufacturing industry or at least perform equally as well stablished user input devices with the 

benefit of freeing the user’s hands. 
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iv | Sammanfattning 

 
 

Sammanfattning 

I detta projekt utforskar vi interaktion med ögonstyrning i den förstärkta verkligheten för 

utbildning, fjärrhjälp och kontroll av sakernas internet enheter i den kommande 

tillverkningsindustrin. Vi utförde en designundersökning med industriella partners som avslutade 

med en design och implementering av en serie av prototyper som använder blickdelning för 

interaktion. För att utforska möjliga fördelar jämförde vi deras effektivitet och användarupplevelse 

mot motsvarigheter som inte använder blicken. Sammantaget tog vi reda på att de deltagare som 

använde implementeringen av ögonstyrning fick bättre resultat på ett subjektivt frågeformulär för 

användarupplevelse angående komfort, stress och slutföringstid. Vid utbildnings prototyper utförde 

deltagarna uppgiften snabbare och begick färre fel, medan de i fjärrhjälp och sakernas internet 

prototyperna utförde uppgiften på samma sätt som med en mus eller en beröring. Vi hävdar därför 

att den förstärkta verkligheten och ögonstyrning kan förbättra den allmänna upplevelsen för 

användare i tillverkningsindustrin eller åtminstone prestera lika väl som etablerade 

användarinmatningsenheter med fördel att frigöra användarens händer. 

 

Nyckelord 

 

Ögonstryning, Förstärkt verklighet, Fjärrhjälp, Utbildning, Sakernas internet, blickdelning 
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1 Introduction 

This chapter describes the specific problem that this thesis addresses, its context, and finally the 

goals and structure of the thesis. 

In the background, we will see the motivation why this work is important. In the problem 

definition, a description of some of the current problems in the context of industrial manufacturing 

and the problem statement will be covered. We will detail in the goals section the aims of this work 

and what will be obtained at the end of the thesis. In research methodology, we will detail how the 

work in the project will be accomplished and the research approach. In the section of delimitations, 

we will explain the limits of the project and what will be covered by the thesis. Finally, in the 

structure of the thesis, we will make a summary of all the chapters that are part of this document.  

1.1 Background 

In the last thirty years, automation in manufacturing has transformed the factory lines and the 

nature of manufacturing labor itself. Although the high initial costs, automation has been embraced 

due to its high productivity, accuracy, safety and lower operating costs. Soon, the advances in 

artificial intelligence and robotics will enable machines to outperform humans in many activities, 

including some requiring cognitive skills. 

However, the human operator is still a fundamental part of any process in the manufacturing 

sector. And, although automatization has been a trend during the last decades, there has been a 

recent shift towards the involvement of humans in the industrial processes [1]. In many cases, the 

combination of humans and machines improves the performance of any of them working by 

themselves [2].  

Nevertheless, there is an increasing skill gap between the aptitude the industry needs to 

continue growing and the talent that can be found in the job market [3]. In the next decades, it is 

estimated that from the 10 millions of jobs needed to cover the needs of the manufacturing industry, 

half of them will not be filled due to the lack of proper training and technical skills [3, 4], which 

proves that there are not enough workers to fill in those positions. The problem of lack of qualified 

personnel is worsening by the exodus of highly skilled workers that retire. A study of the American 

workforce calculated that in 2020, a 25% of workers will be close to the retirement age [5] and as 

new workers do not have the level of expertise of those that leave active service, this tendency will 

leave the manufacturing sector with a less productive workforce [4]. Some companies have created 

mentor roles for expert workers or those about to retire to provide remote assistance as an 

intermediate step between full-employment and retirement. Teleassistance provides techniques and 

technology that allow telepresence, supporting the remote assistance of manufacturing operators. 

In manufacturing companies, the transfer of knowledge to new workers and training is 

essential. Current efforts in training use documents, videos and in-person guidance in classroom-

like environment or online modules [5]. Documents are a cheap and easy way to distribute 

knowledge, but they can be difficult to understand and to apply the knowledge in the final working 

environment. Videos, although they require a higher production cost, add a better understanding of 

the training tasks. Personal training with an expert is very effective, but it requires the presence on-

site of the expert and the cost in hours of a highly qualified worker.  

Augmented Reality (AR) can combine the best of the three techniques: access to documentation, 

on-site video training and access to the expert’s knowledge. AR allows to have a video guide seen in 

real-time and on-site with no lost time for the worker. At the same time, it can support the expert’s 

help who does not need to travel to assist. AR can help to solve part of the problems found nowadays 

in the context of information visualization, training, and expert assistance. Also, the collaboration 
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between the machine and the human through AR can augment the worker’s capabilities, increasing 

his performance, security, and satisfaction at the workplace [2]. Many companies in the 

manufacturing sector have already tried the AR in their factories. For example, Boeing used AR to 

show wiring diagrams in 3D to its operators working in the airplane manufacturing [6]. AR does not 

occlude the vision of the real world, very important for factory workers who need real-world 

awareness [7]. 

Internet of Things (IoT) is a system of interrelated devices with the ability to transfer data over a 

network that brings a seamless integration of manufacturing devices fitted with sensing, actuation, 

processing and networking capabilities [8]. IoT enables rapid manufacturing of new products, 

dynamic response to product demands and real-time optimization of manufacturing production [9]. 

The forecast for IoT is very promising with estimations of 18 billion connected devices by 2022 [10] 

which could generate business value leading to the fourth industrial revolution, also referred to as 

Industry 4.0 [11]. IoT needs to deal with open scenarios, through which new capabilities not 

contemplated during the design should be included at runtime [12]. Available services must be 

presented in a user-friendly manner, and the visualization should be interactive so that users can 

choose what they want to use [8]. For such a dynamic scenario, physical User Interfaces (UI) are 

expensive to create and difficult to change. Moreover, given the ubiquitous presence of IoT devices, 

having visible interfaces for each IoT device would be distracting and visually overwhelming for 

users.  

This project explores the integration of Augmented Reality (AR) and Eye-Tracking (ET) and in 

what ways it can benefit applications of teleassistance, training and operation of IoT devices. We 

worked with industrial partners in an exploration that concluded with the design of several use 

cases for manufacturing and a comparative study of prototypes for industrial teleassistance, 

training, and IoT.  

This study contributes to understanding if AR and ET can offer advantages regarding User 

Experience (UX) for industrial purposes; what design opportunities do they offer for industrial 

application, and what are the challenges still to be tackled. 

1.2 Problem 

Aschenbrenner et al. [13] proved that the use of AR improves the performance of a system of remote 

maintenance by using video, with the best results obtained using a tablet device. But AR is not a 

technology exempt from complications. The use of AR as in a Head-Mounted Display (HMD) has 

too many limitations for being widely used in the manufacturing industry. They are expensive, they 

have bad ergonomics, low battery life, limited field of view (FOV) and reduce the worker’s visibility 

of the real world, which can be a serious issue in hazardous environments. Nowadays, the use of AR 

is more extended with the use of phones and tablets, which have their own limitations. Phones lack 

a screen real state that reduces their efficiency for professional use. Tablets have bigger screens, but 

that comes with problems in ergonomics, as it is physically demanding to hold the tablets for long 

periods and it is hard to reach the whole of the screen with the fingers when holding it with two 

hands. In [14] it was demonstrated that when a touch-based UI is used in big surfaces, it is not 

possible to reach each point comfortably, as part of the screen is far from the point where the user is 

holding the device, explored by Lankes and Stiglbauer [15] as well. Maniwa et al. [16] argued that 

the arm’s fatigue was proportional to the size of the screen and it was not possible to touch the 

center of the screen if held with both hands.  

There have been several approaches on how to avoid this problem when writing in a tablet. For 

example, Word Flow keyboard [17] used an arc-shaped keyboard and Tagtype keyboard [18] had 

each character written with the touch of two keys in opposing sides of the screen.  
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Eye-tracking can be used to select objects and mitigate this problem. Although it represents a 

challenge to determine if an object is just being observed, or if the user wants to select it. This 

problem is known as Midas Touch [19] and causes that the user cannot look anywhere without 

launching a command.  

The purpose of this project are two-fold: 

- First, find novel and innovative uses of Eye-tracking and Augmented Reality to benefit the 

industry of manufacturing.  

- Second, find if Eye-tracking can be used to improve Augmented Reality for manufacturing 

in terms of efficiency, effectiveness and satisfaction.  

This purpose, although reductive, is an important angle for an industrial application. At worst, 

the establishment of a new tool should present similar performance than established technologies 

justifying an additional contribution to the existing techniques, as allowing hands-free interaction. 

At best, the introduction of the new tool will provide better performance and experience.  

1.3 Purpose 

The purpose of this thesis is to research the different uses of eye-tracking and AR which can benefit 

the manufacturing industry and, eventually, the society in general. We will study if the use of eye-

tracking and AR can help to improve the usability of the UIs.  

Such improvement can help to reach the labor world to sectors of the society that may have it more 

difficult to get to. Efficient training systems can help unemployed youth to incorporate into the 

manufacturing work market and the improvements in teleassistance can support the creation of 

mentor roles between full-employment and retirement.  

Operating a UI with the eyes can help people with physical impairment in their daily lives and to 

incorporate into the labor market. Last, people with difficulty understanding written instructions 

can benefit from a system using on-site video training based on AR.  

1.4 Goals 

The goals of this thesis are included in the initiative A/HOPE/AI (Augmenting Human Operators 

for the Era of Automated Industry) and Produktion 2030, with the goal of reinvigorating and 

strengthen the competitiveness of Swedish manufacturing and industrial companies. The goals are 

to find novel and innovative uses of eye-tracking and augmented reality to benefit the industry of 

manufacturing. The deliverables of the project will be some practical prototypes and the 

experimental results of the usability tests of the prototypes with users.  

1.5 Research Methodology 

Quantitative experimental research method was used as other methods (constructive, descriptive or 

conceptual methods) do not fit the nature of the problem. For the quantitative approach, 

measurements were taken to confirm, based on the analysis of the results of the data obtained, the 

existence of a hypothesis raised beforehand.  

Subjects were selected randomly, counterbalancing the order of exposure to the prototypes and 

capturing the data through observation and a questionnaire. The task completion time was used as a 

measurement of efficiency. The number of errors committed by the users was used as a measure of 

effectiveness. Questionnaires with answers on a Likert scale were used to measure user subjective 

satisfaction.   
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Data was analyzed searching for statistical significance. Reliability was guaranteed by taking 

measurable quantitative data, easy to replicate by other researchers under the same conditions to 

obtain similar results. Validity was guaranteed with the randomization of sample groups and 

counterbalancing. The environment of the experiment was a laboratory with the same conditions for 

all participants in the experiments.  

1.6 Delimitations 

Due to the limited time present on a master thesis, there were some limitations to the project. 

Participants of the tests were not real factory operators and the tasks and hardware used were 

similar to those carried out by operators in an electronic production line with a board constructed 

with LEGO pieces.  

The effects of eye-tracking for teleassistance were researched in the operator’s part of the 

assembly line, although the effects on the expert and the relationship between both of them could be 

researched as well.  

1.7 Structure of the report 

Chapter 2 presents relevant background information regarding augmented reality, eye-tracking and 

teleassistance and a review of relevant work in the field. Chapter 3 describes the design exploration 

method that ended up with the design and implementation of the prototypes, described in Chapter 

4. Chapter 5 will describe the experiment design and methodology. In Chapter 6 we will see the 

major results found and in Chapter 7 we will discuss the conclusions of the study and the proposal 

of future work. 
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2 Background 

This chapter provides basic background information and related work about the technology and 

techniques used in this project, including augmented reality, eye-tracking, and teleassistance.  

Augmented reality helps users to perform tasks in a real-world environment with computer-

generated “augmented” objects that are integrated into the user’s perception of the world.  

Eye-tracking is a technique of measure eye activity by a remote or head-mounted device that 

keeps track of the positions of the eyes.  

Teleassistance is a service that provides help to workers by an expert that is located remotely 

using techniques and technology that provide telepresence.  

2.1 Augmented Reality 

The interest of augmenting the real world with virtual objects is not new. In 1992, Caudell [20] 

made a prototype of an HMD that provided virtual information by using a video see-through with 

respect to the position of the head in real-time. This is the first time the term “augmented reality” 

was used. According to Azuma et al. [21], a system of augmented reality has the following 

characteristics: it combines real and virtual objects in a real environment; runs interactively and in 

real-time; it geometrically aligns virtual objects and real ones in the real world. The information of 

the virtual object can go from text content to a complex 3D animated object. Wither et al. [22] 

included the complexity of content as a similar concept to its taxonomy, referred to its visual 

complexity and the amount of information it provides.    

 

To make virtual objects geometrically aligned and to make sense in the real world, it is needed 

to create spatial anchors that embed the virtual object into the physical world [23], displaying them 

as an overlay. This anchor can be composed of an object or a 2D image present in the real world. 

Besides the position, the virtual objects can be integrated by mimicking the light and shadows of the 

environment or interacting with objects or planes of the real world. 

To display the virtual contents together with the real world, we need some kind of display. These 

are some of the hardware options that exist nowadays:  

- Smartphones: there are specific APIs to develop AR solutions for Android (ARCore) and iOS 

(ARKit) that allow third-party developers to build augmented reality apps using the device’s 

sensors of movement, position, camera, etc. Their popularity, price, portability, and 

Figure 1: The mixed reality continuity 
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capabilities make them perfect for AR development [24]. The small size of the screen makes 

them unsuitable for certain tasks like maintenance [25]. 

- Tablets: they complement the smartphones with a larger screen real state and computation 

power at the cost of being less portable and heavier to hold for long periods. The new format 

of hybrid hardware of PC/tablets allows using the power and versatility of PCs with the form 

factor of the tablets.  

- Head-Mounted Display: consists of one or several small screens located in front of the user’s 

eyes to show virtual content. We find them in two different types. On one hand, those that 

have a translucid screen allowing to see the world with superimposed virtual objects, like 

the Microsoft Hololens. On the other, those with an opaque screen displaying the virtual 

objects on top of a real-time video captured with a camera located at the user’s point of view 

(video see-through), as the HTC Vive Pro. They allow hands-free visualization of 

information but have a high cost, small resolution, reduced field of view and can create a 

risk for the physical integrity of the user as the augmentation can obstruct the vision of the 

real world, which is especially important in hazardous environments. 

- Projector-based: an external video projector casts the images of virtual objects into the real 

world. There are several benefits to the user. First, the projector is usually independent of 

the user, who is not carrying or holding it. Second, the augmentation objects are visible for 

several users simultaneously, making them suitable for collaborative work. As a major 

drawback, the projector is generally static in position and orientation, so the augmentations 

are limited to the area covered by it. Limpid Desk by Iwai and Sato [26] is an example of a 

projector-based mixed reality environment supporting document search on a real desktop.   

All the devices used for AR have limitations (FOV, resolution, battery duration, cost, 

ergonomics, mobility, etc.) so the selection of the system for AR depends on the characteristics of 

the problem to solve.  Although the limitations, the use of AR can improve the performance of 

workers. For example, Yuan et al [27] believed that the change of focus between the instructions and 

the used objects delayed the operator in finishing the tasks. Other studies claimed that the 

movement of eyes and head increased the focus on the task by using AR with an HMD [28, 29]. 

2.1.1 Augmented Reality in the manufacturing industry 

Augmented Reality has been a focus of study within the manufacturing industry in the tasks of 

maintenance, training, and teleassistance. Maintenance is a fundamental activity in the production 

lifecycle reaching 70% of the costs of the manufacturing companies [29]. It is important to have an 

efficient and effective maintenance procedure to reduce the extra costs of downtime in 

manufacturing, which can cause loss of thousands of euros per minute.  

Augmented Reality Troubleshooting (ART) is a tool designed to help the training of new 

employees in maintenance and to share repair information, substituting text documents with 

operation and maintenance instructions [30]. This was accomplished by superimposing a layer of 

digital information on top of the reality the operator was observing, who could work faster for 

several reasons. The operator did not have to change of context of focus continuously by searching 

the information stored in paper or screen and refocusing the view. Furthermore, it allowed a hands-

free visual inspection of components which is especially important if the job implies the use of tools.  

The maintenance systems lose their utility when the problem found is not obvious or presents 

an unexpected situation. In those cases, it is very difficult that the problem can be solved with 

standard maintenance tools, as these only cover the problems most commonly found. To solve the 

problem, an expert with the needed knowledge is required. Bottechia et al. [31] presented a system 

of collaborative teleassistance that combined remote collaboration with industrial maintenance 
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thanks to the use of AR and videoconference. This collaboration reduced the maintenance time and 

improved quality control. The system permitted the expert worker seeing what the operator had in 

front, allowing real-time interaction. Other similar systems include KARMA [32] to guide operators 

in the maintenance of printers, Boeing [6] for the assembly of electric wiring of airplanes and the 

Fraunhofer Institute [33] to help the workers in the assembly of car doors.   

Regarding its use for training, the main advantage of AR is that the trainee can access the 

training material on-site while performing the operations allowing learning through experience. In 

this, the system shows how to perform the task before the operator tries to fulfil it repeating the 

steps just watched, similar to the master and apprentice learning process. The knowledge is not 

presented in oral or written form but instead, the task is shown visually to the operator. In [34] a 

comparative study was performed between training based on text-graphic, a physical model, and 

AR; reaching to the conclusion that the training based on AR obtained better learning results 

compared to text-based, although not better than the training based on physical models. 

2.2 Eye-tracking 

Eye-tracking is the process of measuring where a subject is looking based on the position of the eyes 

[35]. The first devices used to track the eyes were based on electro oculographic systems [36]. These 

systems detected changes in the electrical potential produced by the ocular movement using 

electrodes attached around the eyes or big contact lenses that covered the cornea. Later on, systems 

based on the analysis of video images were developed. In these, the tracker projects patterns of 

near-infrared light in the user’s eyes that are captured with high-resolution cameras. Using image 

processing, the user’s gaze point is calculated based on the reflection of the patterns in the eyes.  

The utility of eye-tracking is multiple: 

- The study of the movements of the eye gaze gives understanding about what attracts the 

user, how the information is processed, and the decision-making process. It provides also 

valuable information about the users’ feelings and intentions, conscious and unconscious, to 

study cognitive systems of the user and the attention patterns [37].  

- The gaze movement can be used to facilitate a hands-free interaction in computers and 

other devices, helping both the users with physical impairment and those with their hands 

busy, for example using tools or driving a vehicle. 

- Humanized user interfaces can be developed using a combination of eye-gaze with other 

modalities to create innovative interfaces more intuitive, engaging and efficient than 

conventional interfaces. 

- Knowing where the user is looking can help to reduce the rendering workload. The human 

eye can see approximately 135º vertically and 160º horizontally, but only around a 5º circle 

located in the fovea with clear resolution. If the resolution and quality of the image are 

reduced in the peripheric zones, the need for calculation and render power can be reduced 

dramatically in HMD devices.  

Eye-tracking can be integrated as built-in designed computers, as peripherals that can be added 

to any desktop or laptop screen, as wearables glasses or integrated into HMD of AR and Virtual 

Reality (VR). 

2.3 Teleassistance 

In the present day, industrial operators work with systems of increasing complexity which are 

updated faster than before. In industrial systems, operators’ skills are difficult to find and they 

require a long period of training for the operator to be autonomous [38]. In such a dynamic 
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environment, that the operator has all the knowledge needed to perform the tasks is a complex job. 

To solve the problems in the workplace, operators resort to two kinds of aids [39]. The first one 

consists of help in the form of information reference, paper or digital, also known as guided 

maintenance [38]. This knowledge is found codified in a tangible form and it is easy to store and 

transfer (explicit knowledge).  

When the problem cannot be resolved after consultation of explicit knowledge, the operator 

needs of knowledge found in assistance, which is intangible and complex to codify, store, and 

transfer. This knowledge corresponds to the experience and know-how of expert workers, tacit and 

implicit, also known as assisted maintenance [38]. The assistance is more effective to resolve a 

problem with unforeseen situations, as those are not covered by explicit knowledge. There are 

studies [40, 41] that demonstrated that tasks could be accomplished with bigger efficiency and 

effectiveness when the operator counted on the help of an expert, compared with the help of paper 

manuals. Although it is not always possible to have an expert physically available close to each 

operator to offer assistance when it is needed. In those cases, the help of the expert in a remote way 

is needed (teleassistance). Expert workers have a vast knowledge about the subject and skills 

acquired through experience. They know how to identify problems quickly and solve them in the 

best way to perform the task. In the case the expert is not present in the factory, it is needed to make 

the expert travel or enable her/him to help remotely. Both options have their own challenges.  

Traveling is expensive, time-consuming and environmentally costly. Due to high salaries, 

increasing the efficiency of their time is an added benefit. On the other hand, teleassistance is not as 

effective as on-site help. The expert loses the context where the problem exists and the collaboration 

is less effective as some communication modalities are lost, like pointing at objects through gestures 

or eye gaze [42]. We can find a good example of pointing as a tool of user interaction in Bolt’s paper 

“Put that there” [43]. 

2.4 Related work 

In this section some of the most interesting works related to the areas of study of this thesis will be 

presented. We will review publications related to AR in manufacturing, teleassistance and use of 

eye-tracking for user interaction.  

 

2.4.1 AR in manufacturing 

There is a high fragmentation in hardware and software solutions for AR which increases the 

complexity of selecting and developing AR systems. The paper [31] introduced T.A.C. (Télé-

Assistance Collaborative), a system that allowed remote collaboration and industrial maintenance. 

It used AR and video providing copresence using an HMD and gestures to manipulate 3D objects. In 

[34], the authors made a study comparing the efficiency of learning using material based on text and 

graphics, a physical model and augmented reality. The results obtained demonstrated that AR and 

physical model improved learning results compared with models based on text and graphics. 

Mourtzis et al. [29] proposed a system for remote maintenance with AR that allowed the operator to 

record the malfunction and receive instructions. The system was validated following the 

requirements of a robotics company. In [13], a mobile AR architecture based on optical see-through 

glasses was used for an on-site local repair task. Havard et al. studied the efficiency of maintenance 

with participants who used paper, video, and AR based on tablets and smart-glasses, finding that 

AR reduced errors and was well accepted by users [38]. They presented a workflow allowing an 

expert to create maintenance procedures in AR. Webel et al. [44] created a platform for multimodal 

AR maintenance training including sub-skills and the assessment of the training system.  
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2.4.2 Teleassistance 

Several studies have explored how to support collaborative work through teleassistance. Chang et al. 

[45] showed a system of video communication that gave an “out together feeling”, where two remote 

users felt as if they were together, one in the street and one inside a room. The most interesting part 

of the study was the development of “joint attention” allowing both users to focus on the same 

object at the same time so that each one knew the direction where the other user was looking. In this 

concept, the inwards user wore an HMD allowing to pan/tilt/zoom the camera mounted on the 

outwards user. A similar concept was developed in Shopping Together [46], which used spatial 

gesture interaction for remote communication for a co-shopping scenario. Two users collaborated to 

carry on a task involving the environment and the objects in it. The user in the shop used smart-

glasses to superimpose on the real world the gestures of the remote user who was helping him to 

choose the items to be bought.  

There are several studies on the use of teleassistance for maintenance and remote collaboration. 

Scheuermann et al. [47] described Mobile Augmented Reality based Annotation System (MARBAS), 

which supported experts in their maintenance tasks in the production line. The experts could 

annotate a virtual representation of the scene with virtual sticky-notes using an iPad. In [55] Kim et 

al. performed a study on mixed reality for remote collaboration with a pointer, sketch and hand 

gestures. The study results showed that the participants completed the task faster and felt a higher 

level of usability when the sketch cue was added to the hand gesture cue, but not with adding the 

pointer cue. Regarding co-presence, both remote experts and local workers did not feel that the 

additional pointer and sketch cues improved co-presence. Bottecchia et al. [39] developed a system 

that simulated the copresence of the expert to the operator through visual guidance information. 

Results showed that the operator learned and operated in a calmer way and with increasing 

reliability. 

Other authors have researched how gaze can be used for remote collaboration. Eye-write [48] 

allowed to share the eye-gaze between two users that were using a text editor, helping mutual 

understanding, increasing the level of joint attention, flow of communication and awareness of the 

co-author’s activity. In [49] Otsuki et al. used an addon display (called “third eye”) to remotely 

represent the direction in which a user was looking at. The experimental results showed that 

ThirdEye led the local participant’s attention to intended objects faster than without it. One of the 

benefits of ThirdEye was that it supported remote collaborative tasks using common displays, 

compared to other studies using face-shape or cylindrical displays [50–53]. D’Angelo and Gergle 

[54] performed a study of three types of gaze visualization in a remote search task. It was found that 

the design of gaze visualizations affected performance, coordination, searching behavior and 

perceived utility.  

2.4.3 Eye-tracking used in UI 

There are many studies regarding the use of eye-tracking for user interaction. The Midas Touch 

problem and methods to solve it was studied by Istance et al. [57]. The problem of Midas Touch 

arises because the user cannot “switch off” the eyes while working. So, systems using eye-gaze as a 

mean of interaction have the problem that the user interacts with any object by simply looking at it, 

the same way that Midas king transformed everything into gold by touching it. Eyes are a perceptual 

organ meant for looking at objects instead of controlling them. Many different attempts to solve the 

problem use a second modality. If only the gaze is used to control the system, the most common way 

to overcome the Midas Touch problem is using long dwell times. This is accomplished by activating 

the objects when deliberately looking at them long enough to inform the system that the user wants 

to interact with them, as first suggested by Ware and Mikalian [58]. Other studies used a second 

modality. The system developed by Instance et al. used different modes of mouse behavior emulated 
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with gaze by using gestures to switch between the different modes. An advantage of gaze gestures 

was that they were not highly sensitive to inaccuracies in the gaze tracking, as they did not rely on 

the absolute position of the gaze but the relative movement pattern, being more robust to imprecise 

estimations of gaze coordinates [59]. Another study demonstrated that a Fitts’-like distribution of 

movement times could arise due to the execution of secondary saccades, particularly when the 

targets used were small, obtaining best results on execution for larger targets reachable by a single 

saccade [66]. Hinterleitner et al [67] studied the behavior of gaze previous to interactions by testing 

32 participants completing different tasks in a high-fidelity driving simulator. They discovered that 

the first glance of the users was directed to the display the information appeared in when presenting 

information. If only sound was used, the users’ first glance was directed mostly to the center of the 

display and that gaze behavior alone was not enough to anticipate single tasks but it could be used 

to predict where in the vehicle the user was going to interact.  

Kytö et al. [60] researched different multimodal selection techniques using eye gaze and head 

motion. They discussed an example application for AR, including compact menus with deep 

structure. In [61], Patidar et al. designed Quickpie, a novel interface for based text entry using eye 

gaze. This interface had only one depth layer of a pie menu and selection border as a selection 

method, instead of dwell time. The result of the experiments showed that characters with 120 pixels 

area with six number of slices performed better than the other designs tried. Pouke et al. introduced 

in [63] an interaction method for 3D virtual spaces on tablet devices based on continuous gaze 

tracking and non-touch gesture recognition. The results of the experiments showed that the gaze 

tracking was more interesting and showed more potential, although the touch method was faster. 

They found as well that more stability was required for the gaze tracking for using it with mobile 

devices. The study by Van de Kamp and Sundstedt [64] proposed a combination of voice and gaze 

commands to accomplish a hands-free interaction in a computer drawing application. The main 

results of the experiments indicated that the participants found more enjoyable to use gaze and 

voice command over traditional input devices, even if these interaction techniques offered less 

control that the traditional ones. 

 Other authors studied the use of gaze for input. ReType was proposed by Sindhwani et al. 

combining keyboard and gaze input [62]. They created a gaze-assisted positioning technique based 

on a patching metaphor. The system allowed the users to keep their hands on the keyboard while 

performing some editing operations. The results of the user study showed that ReType enhanced the 

UX of text editing matching or improving the speed of interactions based on mouse for small edits 

of text. Hirzle et al. [65] researched the design space for gaze interaction on HMDs, covering 

technical requirements to find opportunities and challenges for interaction design. The results were 

an exhaustive overview summary serving as an important guideline for researchers and 

practitioners working on gaze interaction and HMDs. Furthermore, they demonstrated how the 

design space was used in practice with two interactive applications: EyeHealth and XRay-Vision.    

In the AR games domain, TrackMaze [56] performed a user study to compare tilt, eye-tracking, and 

head-tracking as an input method on a mobile game consisting of a maze the user had to escape 

from. Tilt was the most precise input method and users found eye-tracking interface was fatiguing 

and hard to use since the eyes are also our main perception method. In [15], Lankes and Stigbauer 

proved different experimental settings of mobile gaze-based interactions. They carried a 

comparative study with two mobile game prototypes, showing that players received very well the 

inclusion of gaze in AR games and preferred it in comparison with other designs. 
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3 Methodology  

In this section we will describe the different phases in which project has been developed. The 

different steps of the development can be found in figure 2.  

Once the initial proposal of the goals of the project was set, a first phase researching the state of 

the art and technology was performed, the results of which can be found in section 2 of this report. 

Then, a study based on interviews with industries in the primary sector was performed, the results 

of which can be found in section 4.1. The information gathered by the study was used as starting 

point for the phase of exploration of use cases, which gave as result a series of prototypes using 

Augmented Reality and eye-tracking. The design of these prototypes is covered in section 5.1 of this 

report, while the implementation of the prototypes is covered in section 5.2 of the report. Once 

completed, the prototypes were tested with users, as described in chapter 6. Later, we analyzed the 

results of the experiment, detailed in section 7 and finally reach to the conclusions of this project, as 

described in chapter 8. 

 

 

 

 

 

 

 

 

Figure 2: Phases of development 
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4 Design exploration 

In this chapter, we will see the different activities performed in the design exploration of the 

project.  

4.1 State of the industry 

The design exploration began meeting with a few relevant industrial players in the primary sector 

found through personal contacts and relevant conferences in the sector (as the Swedish 

Manufacturing R&D cluster). The discussion points reflected in the use of AR in their companies. In 

Appendix C a survey passed to the interviewees can be found.   

The results from the study showed that most of the companies were not using AR in their 

production chain, mostly because they had not found a clear use case that would give benefit to their 

operation. Some mentioned the cost of current HMD as a reason why they were not exploring their 

use in the near future, but they were open to use AR using mobile phones or tablets, as they 

considered that AR could be useful for training and information visualization. The companies that 

were using AR, had it integrated into production, training, and design; highlighting its capability to 

set prototypes in real context as one of the major benefits.  

4.2 Use-case exploration 

The possibilities and use cases that AR could offer to industrial partners were explored; 

particularly, using tablets and projectors as a technology base for AR. For this exploration, some 

concepts for future use cases were created (figure 3) which ended up with three prototypes using AR 

and ET. These prototypes were presented in a workshop to our industrial partners, Ericsson and 

Tobii: 

• Controlling IoT devices with a tablet and eye-tracking (figure 4). This concept explored 

the use of AR and eye-tracking to interact with a set of smart-lights. Augmented reality 

was used to present a control menu for the lights, which could be controlled using touch 

controls or a combination of touch and eye-tracking.  

 

Figure 3: Ideation process of different use cases for supporting collaboration by using 

augmented reality and eye-tracking 
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• Training support with video augmentation (figure 5). This prototype used projector-

based AR to present a set of video instructions to a manufacturing operator.  

• Supporting teleassistance with gaze tracking using a tablet (figure 6). In this prototype, 

the possibilities of a shared-gaze space used to improve the communication in a 

maintenance teleassistance was explored.  

 

 

 

 

 

 

 

 

Figure 4: A prototype of smart light control with augmented reality and eye-tracking. 

The eye-track controlled interface changes the colors and brightness of the smart 

light on the left. 

Figure 5: Prototype of video training with projector-based 

augmented reality. While the video is projected with 

instructions, the board is augmented highlighting the part 

of the board to be fixed. 
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The different concepts were discussed for training and assistance. The partners expressed their 

interest in exploring different alternatives. In the case of the training prototype, they showed a 

particular interest in a training system for production line operators without text or audio 

instructions, to be used in outsourced factories in Asian countries. A prototype for teleassistance 

that used projector-based AR, instead of a tablet, was discussed as well, as it fitted best their current 

workflow. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Screenshot of the prototype showing gaze tracking 

in a tablet device. The red circle shows the operator holding 

the tablet where the remote expert is looking. 



Design and implementation | 15 

15 
 

5 Design and implementation  

In this section, we will explain what we have done in the thesis and how we have done it. What 

decisions did we take and the reason why. In point 4.1 we will explain how we designed the 

prototypes and in point 4.2, we will describe the implementation into the final prototypes used for 

testing.  

5.1 Design 

In this section, we will present a description of the design of the different prototypes.  

5.1.1 Internet of Things Smart Lightning 

This prototype explores the possibilities of interaction for controlling IoT devices using a tablet with 

AR and eye-tracking. The IoT devices must be seamlessly integrated into the users’ environment. 

They must be always available for use but, at the same time, should be invisible when not needed. 

Physical interfaces are visually distracting for users, expensive to produce and difficult to update. 

Augmented Reality helps integrate IoT devices showing UI on-demand while eye-tracking offers a 

novel interaction technique for tablets helping with ergonomics on big screens.   

To implement the prototype, Phillips HUE smart-lights were used (figure 7). The lights were 

connected to a hub and allowed the user to change their color hue and intensity.  

 

To explore the possibilities of interaction, the following actions were implemented:  

- Visualization of the system’s state. The UI showed the lighting status at each light and the 

central hub. 

- Switching the lights on/off. 

- Changing the light’s color. 

- Changing the light’s intensity. 

 

 

Figure 7: HUE lamp and hub 
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Physical design 

Targets are needed to anchor the AR objects to the real world. Anchoring the AR menus to 

objects in the real world was particularly challenging as the lights could change their configuration, 

preventing the AR system to recognize them when they were set with different colors or brightness. 

Instead, image tags were used, one for each of the objects to be augmented (the hub and the lights).  

 

User interface 

The UI was designed to be comfortable to use with the different modalities employed, touch and 

eye-tracking. Some common UI elements, like sliders, had to be rejected as they requested 

interaction techniques difficult to perform with eye-tracking, as dragging. Using different interfaces 

for each input technique was discarded as this could reduce experiments’ validity.  

In figure 8, we can see the low fidelity sketch of the UI for the central hub, with the main switch 

for the whole system and individual switches for each light.  

 

The smart lights’ UI (figure 9) permitted the user to switch the light on and off and change its 

color and brightness. The UI designed had big buttons, suitable for both touch and eye-tracking. To 

simplify the interaction, switching the light off was designed as changing the light’s color to black, 

maintaining a consistent design with the rest of the buttons. The original brightness slider was 

substituted with a tactile bar as it was easier to interact with eye-tracking.   

 

  

 

Figure 8: Low-fi sketch for central hub UI 
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5.1.2 Video training 

The industrial partners expressed their interest in a training system of electronic operators based on 

video. The motivation was the outsourced production of electronic components to Asian countries, 

where written or audio instructions were not effective with local workers, due to the language 

barrier. The intention was to design a system for training operators of electronic boards with visual 

instructions.  

Video instructions were created showing the steps to accomplish the task from a similar 

perspective of the operator and needed to be understood without the text or audio. The system was 

designed so a video was projected on top of the workbench so that the operator did not lose context 

of the workspace by looking at a screen on the side. Besides the video instructions, the part of the 

board referenced by the video was highlighted as a way to direct the operator’s attention. Two 

prototypes were designed, one being controlled with a mouse, and a second one with eye-tracking 

and pedals.  

Physical design 

The system designed consisted of a PC connected to a projector aimed vertically to the 

workbench (figure 10). The projector was used both for showing the videos and highlighting the 

electronic board.  

 

Figure 9: Low-fi design for lights’ UI 

Figure 10: Low-fi design of projector prototype 
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The second prototype designed used eye-tracking as an interaction controller. Eye-tracking 

suffers from the Midas Touch effect [19, 57] when used for user interaction. An interaction based on 

dwell risked creating a slow interaction if the interval was too long, and unintentional commands if 

the interval was too short [69]. Other studies solved the problem of interaction in a projector-based 

AR using a touch-sensing thermographic method, which uses heat storage of the user’s touch in real 

objects captured by a thermal camera [70]. Although this solution could have worked in the lab, it 

was not a feasible implementation for a real-life environment where the system would be used, as 

the heat produced by welding the electronic chips would provoke false positives in the thermal 

camera readings. Voice was discarded as the second modality for not being practical in noisy 

environments, as manufacturing industrial ones. Instead, a pedal was chosen to allow a hands-free 

interaction for the user (figure 11), which is especially interesting for industrial purposes as the 

operator can keep the tools at hand.  

 

User interface 

The UI was shared between both prototypes to maintain the experiment’s validity. The eye-

tracker’s performance was not as accurate as the mouse, so a simple interface with big buttons was 

used (figure 12). During the projection of the video, the projector highlighted the piece of the board 

where the interact was needed, as a way to direct the operator’s attention.  

 

User interaction 

The training consisted of a series of short videos showing step by step the task to be performed. 

The user could watch the videos consecutively and repeat each of the steps on demand. In figure 13 

we can see the task navigation map of the prototype. 

 

Figure 11: Low-fi design for eye-tracking video prototype 

Figure 12: Low-fi design of video training 
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5.1.3 Teleassistance 

There are two actors in remote teleassistance. The operator manipulates physically the components 

of the device to be maintained. The expert knows the task to be performed and instructs the 

operator on the steps to take to accomplish the task. The expert can see the operator’s performance 

through video streaming, which helps him/her to understand the problem and perform quality 

check of the maintenance.  

After showing the initial use case prototypes, the industrial partners showed interest in a 

teleassistance system using a pointer. Two different options were discussed with the industrial 

partners, controlling the pointer with a mouse or with an eye-tracker. To design a teleassistance 

application, we needed two computers connected on a network, one for the operator and one for the 

expert. The system designed displayed a top view of the operator’s workbench in the expert’s 

computer, to give to the expert awareness of the context of operation. The expert was allowed to 

point at things in the workspace using a mouse or eye-tracking, depending on the prototype. 

Projector-based AR was used in the operator’s workbench to display the eye-gazes.  

 

Physical design  

The system was composed of two PC connected through wi-fi (figure 14). The operator’s 

computer is connected to the projector and a webcam used to send a video stream of the workbench 

to the expert’s computer. A Tobii Pro Nano eye-tracker was set in front of the operator to capture 

the eye-gaze.    

Figure 14: Physical design of teleassistance prototype 

Figure 13: Task navigation map 
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The expert’s computer had a Tobbi Pro X3-120 eye-tracker attached to the monitor and a mouse to 

control the gaze.  

 

User interface 

The eye gazes of the users were projected on top of the operator’s workbench. The initial prototypes 

for teleassistance worked on a tablet and used pointers with the shape of a colored ring to show the 

gazes (figure 5). Using void rings allowed the user to see the area being highlighted. But this design 

was too subtle to be seen when projected on top of the workbench. The projector had lower 

resolution and contrast than the tablet screen, particularly when projecting the red color on top of 

the green electronic board.  

A different pointer of a solid white circle with color border was designed for using with the 

projector. The white pointer could not have worked with the tablet prototype as it would have 

blocked the vision of the user. But when a white object is being displayed on the projector helps to 

highlight the object in the real world, as projector-based AR doesn’t block the real world (figure 15).  

 

 

User interaction 

Once the computers were connected by wi-fi and the eye-trackers were calibrated, the operator 

could see the eye-gazes on the workspace (figure 15).  

The system was designed so the expert was able to control the pointer in several ways:  

- The expert could controlled the pointer using the mouse by clicking the left button of the 

mouse.  

- Clicking the mouse right button, the expert controlled the pointer using gaze movements. 

- When no mouse button was pressed, the pointer stayed still. This was requested by the 

industrial partners to allow the expert to look away from the screen, for example to check a 

manual, while maintaining the pointer at the same point.  

 

Figure 15: Pointers projected on top of the board 
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5.2 Implementation  

This section describes the most important features of the implementation of the prototypes, 

allowing other researchers to replicate the prototypes. In Appendix B, a link to a video showcasing 

the prototypes can be found.  

5.2.1 Internet of Things 

The application was developed in Unity version 2018.3.14f1. The implementation consisted of an 

application running on a Windows tablet connected to the lights’ hub through a network 

connection. The lights were controlled by sending orders to the hub in the form of text messages. A 

3D project using Vuforia libraries for AR was created, substituting the standard camera for a Vuforia 

ARCamera object. The target manager provided in Vuforia’s developer portal 

(http://developer.vuforia.com/target-manager) was used to create a target database for the AR 

engine. Three different targets were created based on the logos of KTH, Ericsson and Tobii (figure 

16) for the central switch and both lights, respectively. Extra graphical patterns were added to Tobii 

logo to improve its discoverability by the AR engine, as the original logo was not optimal for the 

Vuforia engine. The database was loaded on the Unity project after configuring the Vuforia app 

license key.  

 

 

Three different Vuforia targets were created in Unity with the proper image from the database. 

Each of these objects had the 3D model of the AR object that was shown when the target was 

recognized by the Vuforia AR engine, as can be seen in figure 17. 

Figure 16: Image targets used for anchoring AR objects 

Figure 17: Object hierarchy of targets and 3D objects in Unity 

http://developer.vuforia.com/target-manager
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Each of the 3D objects the user interacted with were tagged uniquely for recognition purposes 

within Unity. The objects had a script attached to them to implement the interaction in case of touch 

(onclick() method). For instance, when the user pressed a light’s button, the method changed the 

properties of the light button and sent a message to the HUE bridge to change the attributes of the 

light in the real world accordingly.  

 

HUE lamps control 

To work with the lights, we created a new user sending a POST message to the hub through URL 

http://<bridge IP address>/debug/clip.html with the body content {“devicetype”:”<username>”}. 

The bridge IP address of the light’s hub was found on the router’s DHCP table. After creating the 

user, we obtained a string code to be used as username within the system.   

The project had a Unity object to help controlling the HUE lights by sending https web requests 

using the following syntax as provided by Phillips HUE documentation 

(http://developers.meethue.com/develop/get-started-2/).  

  

“https://<bridge IP address>/api/<user name>/lights/<light number>/state” 

 

The URL was the local address of the resource inside the HUE system and served in telling the 

system what object we wanted to interact with. For example:  

 

http://192.168.0.100/api/0va7vjA2gjzbIW8Tc-dNgHb3JPsfE7-c-bDDKVsh/lights/1/state 

 

The long string of characters in the command is the code obtained when creating the user. To 

modify the light resource we used a PUT command with a body describing what we wanted to 

change and how, as a set values in JSON format. The following are the light attributes that were 

modified:  

- “on”: possible values [on/off], controlled if the light was on or off 

- “hue”: integer value, set the light’s color hue 

- “sat”: integer value, set the light’s color saturation  

- “bri”: integer value, set the light’s brightness. To avoid confusing the user, when the user 

selected a brightness equal to zero, we set the light value to off. This avoided the 

misunderstanding produced by having an “on” light with a zero brightness.  

 

Touch Interaction 

When the user touched the screen, a raycast was traced in Unity to check if the touched position 

hit any of the box colliders of the 3D objects representing the AR menus. If so, the hit object was 

found using its tag. Then, the onclick() method was invoked with relevant information as a 

parameter, like the touchpoint coordinates.   

 

 

 

http://developers.meethue.com/develop/get-started-2/
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Eye-tracking Interaction 

A Tobii Pro Unity prefab was added to the project and the following objects added to Unity 

object’s hierarchy:  

- EyeTracker: base object and methods for gaze tracking.  

- TrackboxGuide: set the eye-tracker (and by extension the tablet) in the right position and 

orientation for optimal gaze tracking. It displayed a track box with the users’ eyes position 

in real-time and an estimation of tracking quality. The trackbox guide was invoked by 

pressing T in the keyboard.    

- Calibration: performed a fine calibration of the gaze tracking. The calibration was invoked 

by pressing C in the keyboard.      

- GazeTrail: superimposed a trail of particles following the user’s gaze when it collided with 

a 3D object. Particle’s details could be configured as particle’s count, size, and color. The 

trail was set to just one particle with 0.01m size to make the user aware of the gaze as a large 

set of particles was very distracting. 

As a PC was used in tablet mode, a wireless keyboard was used to send keystrokes to the system. 

The eye-tracker was mounted on the tablet PC (figure 18).  

  

The way to interact with the objects in the system was by looking at the intended button and 

tapping anywhere on the screen to press it. To implement such interaction, when the user’s eye gaze 

hit an object, its shader was changed to highlight the object being observed. If the users touched the 

screen, the onclick() method was invoked on the focused object.  

 

5.2.2 Training video assistance 

This prototype was implemented as a program running on a computer connected to a projector used 

to display the augmentations on top of the workbench. The implementation in Unity consisted of UI 

buttons on both sides of the screen, one video-screen object to project the videos and a set of boxes 

used to highlight the board’s section the operator had to work with (as designed in figure 11). The 

projector worked as a non-blocking display. Thus, displaying a white rectangle in the right position 

highlighted the appropriate area of the electronic board, as seen in figure 19.  

Figure 18: Eye-tracker mounter on tablet PC 
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A state machine was created to implement the task navigation map shown in figure 12, with 

each state of the machine corresponding to the states in the navigation map. Videos and highlights 

were displayed and hidden as the user navigated through the different states of the navigation map. 

Videos were recorded from a similar point of view as the operator’s. The video and the board laid 

side by side, reducing the operator’s head movement and helping to focus on the work in front.  

In the first implementation, the interaction was performed by clicking buttons with a pointer 

controlled by mouse. The second implementation aimed for hands-free interaction. A Tobii Pro 

Nano was installed on the desktop in front of the user. The eye-trackers are generally designed to be 

set in the lower part of a screen (as seen in figure 20).  

 

Figure 19: When projected, the white box on the right highlights the section of the 

board that the operator should work with. 

Figure 20: Eye-tracker set up on a screen 
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But, in this prototype, the “screen” was the horizontal workbench surface and the eye-tracker 

was not located between the user and the screen (figure 21), but further away from the user.  

Due of this, the eye-tracker had to be placed upside-down and calibrated accordingly in Tobii 

configuration software. Also, values read from the eye-tracker had to be converted to obtain the 

screen coordinates where the user was looking at. As a drawback, the eye-tracker struggled to track 

properly on the edges of the table, reducing its accuracy.  

The EyeTracking object created in Unity was responsible of capturing the eye-tracker’s readings 

and converting the coordinates. The eye-tracker returned coordinates in the space [0, 1] and it was 

needed to convert to screen pixels in [Canvas.width, Canvas.height]. The following code snip shows 

the conversion the eye-tracker’s coordinates (stored in pos variable) into screen coordinates: 

 
float canvasWidth  = canvasTransform.rect.width; 
float canvasHeight = canvasTransform.rect.height; 
screenPos.x = (pos.x * canvasWidth * -1) + canvasWidth; 
screenPos.y = (pos.y * canvasHeight); 
 

The reduced accuracy of the eye-tracker on the screen edges made the clicking of the buttons on 

the edges unreliable. To solve this, the system was implemented to respond to edge areas beyond a 

certain threshold instead of responding when the eye-gaze was exactly on top of the buttons, as seen 

in figure 22. Users were requested to look at the buttons normally to interact with them, so they 

were unaware of the area activation.  

Figure 21: Eye-tracker installed on the desktop 

Figure 22: Button activation area 
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Gaze dwell was discarded for pressing the buttons as being too slow. The eye-tracker accuracy in 

the edges constrained as well the size of the area that could be selected by dwell as studied in [69]. 

Instead, a second modality was added in the form of pedals connected to the computer (figure 23). 

Pressing any of the pedals was mapped to a mouse click to interact with the buttons.  

 

5.2.3 Teleassistance 

This prototype ran on two computers simultaneously. In Unity, all users running an app using 

the networking API share the same code. In the report we will use a monospace type to refer to 

objects from the scripts, and a regular type to refer to objects in Unity. The operator’s computer run 

as the server of the connection, and the expert’s as a client. The variable isServer was used to 

identify if the code was running on the client or the server. The Tobii prefab for eye-tracking was 

included with the same objects as explained in section 4.2.1. Next, we will describe other relevant 

objects in the Unity project and their use:  

- Canvas: the canvas object is generally used in Unity to display game menus (objects 

displayed in a 2D space independently of the position of the game camera). The Canvas 

object was used to superimpose the user’s gaze. An extra gaze object (eyeGazeAuxiliar)  was 

used on the operator’s computer, because the gaze position in the expert’s screen had to be 

converted to the coordinates of the operator’s screen (as projected on top of the table). This 

will be described in detail later in the report.  

- Network manager: was responsible for the network communication between the 

instances of the project running in the two different computers. Among other things, it 

spawned a Player object for each user connected through the network. To achieve it, a 

custom Player prefab had to be created. This prefab linked the player to a gaze (either 

eyeGazeLocal or eyeGazeRemote) and updated the gaze object in the canvas. The 

NetworkManager object was responsible for displaying the webcam’s content, as this object 

had to be created after the connection was established. Objects shared between the players 

had to include a Unity’s Network identity attribute.  

- EyeTracking: handled the conversions of the eye-tracker coordinates taking into account 

that the operator’s eye-tracker was placed upside-down and the expert’s was not. The 

following code snippet shows the coordinate’s conversion for the expert eye-tracker. 

 

Figure 23: Pedals used to support eye-tracking interaction 
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screenPos.x = pos.x * canvasWidth; 
screenPos.y = canvasHeight - (pos.y * canvasHeight); 
 

 

There was one extra conversion needed from the coordinates sent from the expert’s computer to 

the operator’s. The expert was looking in the screen at the webcam’s video streamed which covered 

a fraction of the workbench. The eye-tracker captured the expert’s gaze at the screen, but it was 

displayed by the projector on the workbench on a different area. Thus, the expert’s gaze had to be 

converted to new coordinates matching the position on the workbench to the position look in the 

screen, as seen in figure 24.  

 

A set of constants were created in Unity to calibrate coordinates’ conversion, so it could be easily 

modified to adjust to webcam or projector changes. Next, we describe a summary of how the 

program run:  

1. The program was run on both computers. The operator’s computer was configured as the 

server, and the expert’s ran as the client, using the operator’s IP address to complete the 

connection. 

2. Once both computers were connected, they shared the objects with a Network Identity 

attribute as described previously. Each computer updated the local gaze’s position. This 

gaze was automatically sent to the remote machine which updated eyeGazeRemote object’s 

position in the canvas. 

3. The operator’s computer had a webcam connected. The operator user activated the camera 

pressing the P key, creating an instance of CubeWebCam prefab object. This object consisted 

of a square with a rawimage texture. The camera to be used was selected and projected into 

a texture object. The following code snippet shows how to link the object’s texture to the 

webcam’s contents.    

 

 

Figure 24: Gaze conversion from the expert’s computer to 

the operator’s projector 



28 | Design and implementation 

 
 

 
var CameraTexture = new WebCamTexture(backCamName, textureWidth, 

textureHeight, 24); 
CameraTexture.Play(); 
var renderer = GetComponent<Renderer>(); 
renderer.material.mainTexture = CameraTexture; 
 

 

From this moment, the webcam was projected as a texture to the prefab object.   

4. The operator’s computer sent the texture through the network to be displayed as a video 

streaming on the expert’s computer. The texture had to be downsized and compressed to fit 

into one network message. The following code snippet shows how to convert the mesh 

texture to a Texture2D object, resizing the resulting texture to a smaller size and 

compressing to JPEG. 

 

 
Texture t = GetComponent<Renderer>().material.mainTexture; 
Texture2D t2 = TextureToTexture2D(t); 
TextureScale.Bilinear(t2, (int) (1920.0 / divisor), (int) (1440.0 / 

divisor));           
byte[] bytes = t2.EncodeToJPG(jpegQuality); 
 
private Texture2D TextureToTexture2D(Texture texture) 
{ 
Texture2D texture2D = new Texture2D(texture.width, 

texture.height,TextureFormat.RGBA32, false); 
RenderTexture currentRT = RenderTexture.active; 
RenderTexture renderTexture = RenderTexture.GetTemporary(texture.width, 

texture.height, 32); 
Graphics.Blit(texture, renderTexture); 
RenderTexture.active = renderTexture; 
texture2D.ReadPixels(new Rect(0, 0, renderTexture.width, 

renderTexture.height), 0, 0); 
texture2D.Apply(); 
RenderTexture.active = currentRT; 
RenderTexture.ReleaseTemporary(renderTexture); 
return texture2D; 

   } 
 

 
 

 

5. The compressed texture was sent to the CubeWebCam object of the expert’s computer using a 

remote call.    

6. From this moment, the expert’s pointer could be controlled with the mouse or with the eye-

tracker and the operator’s with the eye-tracker. There was no need to display the expert’s 

gaze locally, as it captured in the operator’s webcam stream from the projection on the 

workbench.  
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6 Experiment methodology  

The purpose of this chapter is to provide an overview of the research method used in this thesis. 

Section Error! Reference source not found. describes the research paradigm. In section 5.2 we w

ill cover the data collection techniques used for this research followed by a description of the 

experimental design. Finally, we explain the techniques used to evaluate the reliability and validity 

of the data collected and the method used for the data analysis.  

6.1 Research Paradigm 

Positivism paradigm with quantitative experimental was used as research method, as it fit better to 

the nature of exploration of the problem. For the quantitative approach, we verified the existence of 

the proposed hypothesis based on the analysis of the results from the obtained data. 

6.1.1 Research questions, hypothesis 

This study tries to answer the following questions:  

1. Can eye-tracking improve the user experience of manufacturing operators in augmented 

reality? 

2. Can eye-tracking improve the effectiveness of manufacturing operators in augmented 

reality? 

3. Can eye-tracking improve the efficiency of manufacturing operators in augmented reality? 

 

Based on the questions, we propose the following hypothesis for our experiments:  

H0. User experience of AR prototypes will be superior in prototypes using eye-tracking.  

H1. Errors committed on AR prototypes will be inferior in prototypes using eye-tracking. 

H2. Completion time on AR prototypes will be inferior in prototypes using eye-tracking. 

 

Prototypes were used as each level of the independent variable: 

- IoT touch interface and IoT eye-tracking interface 

- Training paper instructions, training video instructions with mouse interaction, and 

training video instructions with eye-tracking interaction 

- Tele-assistance with audio instructions, tele-assistance with audio instructions and mouse 

pointer, and tele-assistance with audio instructions and gaze pointer 

The completion time, the number of errors committed, and the questionnaires with answers on a 

Likert style with 7 possible values were used as the dependent variables. This is a list of the 

questions in the questionnaire: 

Q1.  The interaction with the system was: [1 Very easy, 7 Very complex] 

Q2. I think I accomplished the task: [1 Very quick, 7 Very slow] 

Q3. The comfort while using the system was: [1 Very comfortable, 7 Very uncomfortable] 

Q4. Correcting mistakes while using the system was: [1 Very easy, 7 Very complex] 

Q5. The stress of using the system was: [1 No stressful, 7 Very stressful] 
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The completion time of the tasks measured the operation time with the prototypes. This measured 

time included the reading and listening to instructions when this was part of the task tested, as in 

paper-based training or in teleassistance. For the committed errors, we counted exclusively 

mistakes committed by users, but not slips. Mistakes are errors in choosing an objective or using the 

right method to achieve it, whereas slip are errors in performing the correct method for reaching the 

goal. As described by Norman [68], if the user’s intention is not appropriate, it is a mistake. If the 

user’s intention was correct but the action is not what was intended, it is a slip.  

6.2 Data Collection 

This chapter describes the plan and execution of the data collection, including the selection of 

participants, sample size and target population.   

6.2.1 Sampling 

Twenty four participants took part in the experiment (13 men and 11 women). Two participants were 
familiar with eye-tracking and one had professional experience working with electronic boards 
similar to the one simulated in the experiment. All participants had a technical profile. Participants 
were counter balanced when assigned to experiments to avoid learning effect between the 
prototypes. The experiments were divided in three main blocks: 
 

- IoT prototypes 
- Training prototypes  
- Teleassistance prototypes 

 
Each user participated in five different tests: 
 

- One prototype of IoT (between subjects) 
- All three prototypes of either videoassistance or teleassistance (within subjectes) 
- One prototype of the remaining main block 

 
For example, one user could test the IoT touch prototype, all training prototypes and just one 
teleassistance prototype.  

The order in which the prototypes were presented to users was changing per participant, to 

avoid learning effect between the prototypes. In the table 1 we can see the order of the first 

participants. 

 

Participant IoT 
Touch 

IoT ET Video 
paper 

Video 
Mouse 

Video 
ET 

Tele 
audio 

Tele 
mouse 

Tele 
ET 

1 1  2 3 4 5   

2  5 1   2 3 4 

3 2  5 3 4  1  

4  1  5  4 2 3 

5 4  2 3 1   5 

6  5   4 2 3 1 

Table 1: Counterbalanced participants assignation 
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6.2.2 Sample Size 

Some of the related papers in the field studied used between 5 and 15 participants for their 

experiments, with an average of 9.6 users per paper. A medium-size effect was expected for the 

experiments and to obtain enough statistical power for analysis 24 participants were tested.  

6.2.3 Target Population 

Participants matching the final users of the designed system were chosen. One of the questions to be 

considered was if participants had used previously eye-tracking could affect the results of the 

experiment. As prototypes were designed with an uncommon setup of the eye-tracker, we 

considered the it would affect the results. The users had a technical profile with ages between 21 and 

51, with 80% of the participants being between 21 and 30 years old (with an average of 28.5 years). 

Participants were chosen among university members ranging from bachelor students to professors.  

6.3 Experimental design 

This section covers the most important aspects of the experimental design as the test environment 

and the hardware and software used.  

6.3.1 Test environment 

The experiments were divided into three main blocks: Internet of Things, training, and 

teleassistance. 

 

IoT/smart lightning with AR 

The experiment consisted in comparing two different prototypes running on a tablet PC. One of 

the prototypes used touch controls for interaction and the other one used touch controls and eye-

tracking. The researcher presented orally the tasks to be performed by the participant. There were 

two smart lights in the lab in the configuration shown in figure 25.   

Figure 25: Lab set up for IoT experiment 
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Training 

We wanted to test how users learned with a video-training system while working on an electronic 

board. Carrying out the tests with a real electronic board was not feasible as the participants were 

not familiar with electronics, and this could have impacted the test’s results. Instead, we modeled an 

electronic board using LEGO pieces to resemble a PC motherboard (figure 26).  

 

The task assigned to participants consisted of a series of manipulations as adding, replacing or 

changing in the board the position of “chips” (LEGO pieces). To make the task resemble the real 

activity of an operator, the participants were requested to use a tool representing an electronic 

welder (figure 27) by applying it for three seconds before removing or after adding a block to the 

board.  

 

 

The experiment consisted of comparing the process of training with an electronic board using 

three different techniques:  

- Knowledge stored as text and images in paper: participants used a paper manual created for 

reference (the manual can be found in Appendix 1).  

- Videoassistance with AR and mouse interaction. A series of videos with instructions for the 

electronic board maintenance was recorded and projected on the workbench next to the 

Figure 27: Tool representing an electronic welder 

Figure 26: LEGO board 
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LEGO board. The link to the videos can be found in Appendix 2. Participants interacted 

with the UI with a mouse.  

- Videoassistance with AR and interaction with eye-tracker. Similarly to the previous 

experiment, some videos were recorded. Participants interacted with the system using eye-

tracking and pedals, as explained in the implementation section of the report.  

In the figure 28 we can see the setup of the laboratory for the experiment. The participants were 

not familiarized with the tasks to be performed or the interaction tool selected before the 

experiment. By virtue of its design, no learning method was required prior to the experiments.   

 

Teleassistance 

The laboratory setup for teleassistance experiments was similar to the setup for the video training 

with some extra equipment as seen in figure 29.  

Figure 28: Lab setup for video training 

experiments 

Figure 29: Lab setup for teleassistance 

experiments 
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On the operator side, the setup was analogous to the video training experiment. There was an 

eye-tracker with a projector used to display the eye-gaze of the participants. A webcam was placed 

next to the projector focusing on the workspace. On the expert side, there was a computer connected 

to an eye-tracker. Both computers were connected through wi-fi, to display the working 

environment on the expert’s screen in real-time.  

6.3.2 Hardware/Software used 

In this section, we will see the hardware and software chosen to implement the project.  

Hardware 

One of the first considerations in the project was choosing the hardware that would better fit a 

manufacturing environment. At the time of development, HMD-based AR systems had a series of 

important limitations for their use in industrial environments as high cost, low FOV, and reduced 

battery life. Other publications [44] concluded that handheld and monitor-based visualization 

devices were better for industrial environments than HMD because of their robustness. For this 

project, AR based on tablet devices and projector were chosen.  

The projector used was a common consumer product with a resolution of 1024x768 pixels.  

The eye-trackers used were a Tobii Pro Nano mounted in both the tablet and the workbench and 

a Tobii Pro X3-120 used in the expert’s computer. The X3-120 eye-tracker had a higher refresh rate, 

although it was chosen simply because of availability reasons, as there was no need for a higher rate.  

A Microsoft Surface Pro was used for the tablet device. Android or iOS tablets were discarded 

because there were no APIs from Tobii to develop in those systems.  

A webcam Logitech Brio Pro with 4K resolution was chosen. As the webcam was placed next to 

the projector on the laboratory’s ceiling, it took a wide image of the workspace. A 4K camera 

permitted to crop and center the image where the electronic board was placed, losing less quality 

than with a 1080p camera. Alternatively, a webcam with optical zoom could have been employed.  

For the videoassistance prototype, a pedal of the brand Ikkegol was employed (figure 22). It 

could be configured to map any keyboard keypress when the participant stepped on the pedal. A 

single pedal would have worked, but a dual one was chosen for flexibility.  

The smart lights used for the IoT experiment were Phillips HUE connected through a hub (figure 

30).  

 

Figure 30: Phillips HUE smart light 
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 SW 

The project was developed using the videogame and application development engine Unity. 

Unity was chosen because it is a cross-platform engine and Tobii had APIs to develop with their eye-

trackers within Unity. Moreover, Unity had native support for AR with Vuforia Libraries, used in 

this project. Other alternatives were studied too as Unreal game engine and Wikitude for AR 

libraries. Unity with Vuforia was chosen as it allowed tracking of 3D objects and several targets 

simultaneously.  

6.3.3 Test procedure 

First, participants filled a consent form and the experiment was described. Participants were 

instructed to simulate the use of the welder tool to install and detach the pieces from the board. 

Then, a five-point calibration procedure of the eye-tracker was carried out for each participant using 

the software provided by the eye-tracking manufacturer. During the calibration process, the 

participants could see a track box guide showing the relative position of their eyes to the eye-tracker 

(figure 31). This helped to raise awareness in the participants about the position and distance where 

they should sit to be optimally tracked. 

After each prototype trial, the participants completed a questionnaire to rate their performance and 

their subjective ratings for the prototype. 

 

6.4 Assessing reliability and validity of the data collected 

It is important to guarantee that the results of the experiments can be replicated and that the data 

has been collected accurately to obtain validity and reliability. A pilot study was conducted to make 

sure that the tests were collecting relevant data.   

6.4.1 Reliability 

We guaranteed the reliability of the experiments by taking measurable quantitative data (time, 

errors and questionnaire results) using different methods that lead to more valid and reliable 

results. The data can be obtained by other researchers in new experiments under the same 

conditions to obtain similar results. In this report, we have given details of how the experiments 

were performed so that other researchers can repeat them.  

The diversity of nationalities of the participants in the experiment guaranteed that results will 

be consistent if repeated by other researchers. The gender distribution of participants was fairly 

Figure 31: Showing the track box guide of user's gaze helped 

to raise awareness to users of the optimal position for gaze 

tracking 
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distributed (13 male and 11 female) being an approximate representation of the population. Even 

though the findings of the study cannot be reflected as Sweden’s population as a whole due to the 

small sample of participants, it is a good start for further research.  

 

6.4.2 Validity 

We guaranteed the validity through the randomization of the sample groups using 

counterbalancing. The environment of the experiment had the same conditions for all participants. 

We used similar tasks among the users and prototypes. The participants’ performances were 

recorded in video allowing to review them in case of doubt and as a back-up of the measurements. 

We used Likert-scale questionnaires to obtain users’ perception of the prototypes and to guarantee 

the validity of the record. 

6.5 Planned Data Analysis 

To infer the relationship between the use of eye-tracking and completion time, committed errors 

and perceived user experience we performed t-test and analysis of variance (ANOVA) with a risk 

level of α=0.05. Post hoc pairwise comparisons were performed to tests involving three different 

levels of the independent variable.  

6.5.1 Software Tools 

To perform the analysis of the data we used RStudio version 1.0.136 with the libraries plyr, 

multcomp, lsmeans, coin, PMCMR.  
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7 Results and Analysis 

In this chapter, we present the results and discuss them. Descriptive statistics of the data will be 

shown to understand the overall appearance of the data. A post-hoc comparison paired test between 

the different levels of the prototype interaction was performed to have insights into the results for 

the different prototypes.   

7.1 Descriptive analysis 

Based on the initial experimental plan, a descriptive analysis was performed on the data. Table 

2 presents the basic descriptive statistics for the datapoints: 

 

Users 24 

Data points  
prototype  

IoT Touch 12 

IoT ET 12 

Video paper 16 

Video mouse 16 

Video ET 16 

Tele+audio 16 

Tele+mouse 16 

Tele+ET 16 

                Table 2: Data points statistics 

The information in tables 3 and 4 show that there was not a big difference between the IoT 

prototypes, and there was a benefit in the use of eye-tracking in video and teleassistance. More 

details are needed to determine if this was statistically significant.  

 

Completion Time 

IoT Touch Mean 70.91 

Std. deviation 13.02 

IoT ET Mean 63.75 

Std. deviation 7.78 

Video Paper Mean 136.50 

Std. deviation 40.35 

Video mouse Mean 114.37 

Std. deviation 23.43 

Video ET Std. deviation 77.25 

Std. deviation 25.36 

Tele audio Mean 122.81 

 Std. deviation 31.89 

Tele mouse Mean 83.43 

 Std. deviation 17.06 

Tele ET Mean 68.81 

 Std. deviation 10.93 

                                                         Table 3: Descriptive statistics for completion time 
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Errors 

IoT Touch Mean 0.58 

Std. deviation 0.79 

IoT ET Mean 1.0 

Std. deviation 0.85 

Video Paper Mean 1.68 

Std. deviation 1.62 

Video mouse Mean 0.50 

Std. deviation 0.63 

Video ET Std. deviation 0.12 

Std. deviation 0.34 

Tele audio Mean 0.93 

 Std. deviation 0.77 

Tele mouse Mean 0.37 

 Std. deviation 0.62 

Tele ET Mean 0.12 

 Std. deviation 0.34 

                                                        Table 4: Descriptive statistics for committed errors 

 

Table 5 presents the basic descriptive statistics of the different prototypes combined for all 

techniques of video training and teleassistance.  

Video 
Assistance 
Time 

Mean 109.37 

Std. deviation 38.86 

Tele Assistance 
Time 

Mean 91.68 

Std. deviation 31.41 

Video Assist. 
Errors 

Mean 0.77 

Std. deviation 1.20 

Tele Assistance 
Errors 

Mean 0.48 

Std. deviation 0.68 

                 Table 5: Descriptive statistics of video training 

                  and tele assistance prototypes combined 

 

The data shows that teleassistance technique performed better compared to video assistance. Figure 

32 presents a boxplot comparing the completion time from all prototypes. 

 

Figure 32: Completion time boxplot 
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Figure 33 shows a boxplot comparing the errors committed by users from all prototypes. 

 

Figures 34 to 38 show the boxplot comparing the answers from the users to the question Q1 to Q5 

(lower scores represent better-perceived experience from the user). 

Figure 34-38: Answers to Questions 1-5 of the UX questionnaire 

Figure 33: Error boxplot 
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The same data can be seen numerically on table 6.  

 IoT touch IoT ET Video paper Video mouse Video ET Tele audio Tele mouse Tele ET 

 Avg Stdev Avg Stdev Avg Stdev Avg Stdev Avg Stdev Avg Stdev Avg Stdev Avg Stdev 

Q1 1.92 1.08 2.50 1.38 3.81 1.33 2.12 1.50 1.62 0.72 3.00 1.46 1.37 0.62 1.44 0.81 

Q2 3.33 1.15 1.75 1.29 4.00 1.50 2.81 1.51 1.31 0.60 3.25 1.48 2.06 0.77 1.56 0.72 

Q3 3.50 1.17 1.58 0.79 3.44 1.55 2.37 1.50 2.06 1.12 2.87 1.41 1.62 0.80 1.56 0.81 

Q4 2.33 1.30 2.17 1.19 3.06 1.48 2.81 1.60 2.44 1.15 2.75 1.34 2.44 1.26 2.50 1.36 

Q5 2.92 0.99 1.25 0.62 3.12 1.67 2.50 1.32 1.75 1.06 2.94 1.48 1.75 1.06 1.50 0.73 

Table 6: Descriptive statistics for user experience questionnaires 

 

Participants were asked about the usefulness of eye-tracking in the prototypes that used it on a 

Likert scale from 1 to 7 (being 1 “Very useful” and 7 “Not useful at all”). The results can be seen in 

table 7. 

 

 Average Std. deviation 

IoT 2.17 1.27 

Video training 2.63 1.58 

Teleassistance 2.19 1.22 

Table 7: Eye-tracking usefulness 

 

7.2 Analysis of Internet of Things experiments 

The completion time and number of errors of both prototypes (touch and eye-tracking) were 

similar. An independent samples t-test was performed to compare the results showing that the 

differences were not significant on time and errors (table 8). Regarding the user experience the 

analysis results demonstrated that there were significant differences in the answers of questions Q2 

(p-value = 0.0044), Q3 (p-value = 0.00011) and Q5 (p-value = 6.44e-05), revealing that users had 

better feelings for eye-tracking prototype regarding the time needed to accomplish the task, 

comfort, and stress. In the regard of comfort one user commented that “The weight of the tablet had 

a bad effect on the experience overall” and another one “The comfort was better when using hands-

free”, referring to the prototype with eye-tracking.  
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 T Df p-value 

Time -1.64 22 0.11 

Errors 1.24 22 0.22 

Q1 (Simplicity) 1.15 22 0.26 

Q2 (Speed) -3.17 22 0.0044*** 

Q3 (Comfort) -4.70 22 0.00011*** 

Q4 (Mistakes) -0.32 22 0.75 

Q5 (Stress) -4.91 22 6.44e-05*** 

Table 8: Assessing results among users 

 

7.3 Analysis of training experiments 

As seen in tables 9 and 10, the prototype using eye-tracking had a lower completion time and 

number of errors, compared to the other two.  

 

Completion Time 

Video Paper Mean 136.50 

Std. deviation 40.35 

Video mouse Mean 114.37 

Std. deviation 23.43 

Video ET Mean 77.25 

Std. deviation 25.36 

            Table 9: Descriptive statistics for completion time 

 

Errors 

Video Paper Mean 1.68 

Std. deviation 1.62 

Video mouse Mean 0.50 

Std. deviation 0.63 

Video ET Mean 0.12 

Std. deviation 0.34 

                               Table 10: Descriptive statistics for errors 

 

The one-way ANOVA confirmed that there were significant differences between them. After 

performing a post hoc independent-samples t-tests, significant differences were found between the 

completion time of the prototype using eye-tracking (p-value of 5.79e-07 and 0.0026) and the rest. 

Also, significant differences were found between paper-based assistance and the prototype using 

video assistance controlled with mouse (p-value=0.047). All the details can be found in table 11.  
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 Estimate Std. Error T value Pr(>|t|) 

Mouse vs. ET 37.13 10.84 3.42 0.0026 ** 

Paper vs. ET 59.25 10.84 5.46 5.79e-06*** 

Paper vs. Mouse 22.12 10.84 2.04 0.047* 

Table 11: Analysis results for time completion for training prototypes 

 

Significant results were found regarding the number of errors. Both prototypes using video 

assistance (mouse and eye-tracker) performed significantly better than when the participants used 

paper instructions (p-values 0.0040 and 0.00026 respectively) but showing no significant 

differences between them (table 12).  

 

 Estimate Std. Error T value Pr(>|t|) 

Mouse vs. ET 0.3750 0.3214 1.167 0.31 

Paper vs. ET 1.5625 0.3214 4.862 0.00026*** 

Paper vs. Mouse 1.1875 0.3214 3.695 0.0040** 

Table 12: Analysis results for errors for training prototypes 

 

Regarding the usability questions, paper assistance showed lower scores on question Q1. Q2 

showed the best answers for eye-tracker, followed by mouse and paper (all differences significant). 

Q3 and Q5 showed better significant results for eye-tracking compared to paper training. Q4 

showed no significant differences between any of the prototypes. Several users expressed that they 

were familiar to work with a mouse (“I feel biased because I’m very used to work with a mouse” or “I 

am comfortable with the mouse since I am very used to how it works”). The novelty of the 

interaction with eye-tracker was commented as well by some users (“Mouse and eye-tracking were 

similar, although eye-tracking seems modern, like cool”), while they were not used to work with 

pedals (“The pedals added some complexity”). 

7.4 Analysis of teleassistance experiments 

Tables 13 and 14 show that the prototype using eye-tracking had a lower completion time and 

number of errors, compared to the other two.  

 

Completion Time 

Tele audio Mean 122.81 

 Std. deviation 31.89 

Tele mouse Mean 83.43 

 Std. deviation 17.06 

Tele ET Mean 68.81 

 Std. deviation 10.93 

    Table 13: Descriptive statistics for time 
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Errors 

Tele audio Mean 0.93 

 Std. deviation 0.77 

Tele mouse Mean 0.37 

 Std. deviation 0.62 

Tele ET Mean 0.12 

 Std. deviation 0.34 

                 Table 14: Descriptive statistics for errors 

 

The one-way ANOVA revealed that there were significant differences between the prototypes, so a 

post hoc independent-samples t-tests was performed. Regarding completion time, the prototype 

using audio performed worse than mouse and eye-tracking, which did not show significant 

differences between them, as seen in table 15.  

 

 Estimate Std. Error T value Pr(>|t|) 

Audio vs. ET 52.812 7.624 6.927 3.05e-08 *** 

Mouse vs. ET 23.062 7.624 3.025 0.064 

Mouse vs. Audio -29.750 7.624 -3.902 1.30e-05*** 

Table 15: Analysis results for time completion for teleassistance prototypes 

 

Regarding errors, both mouse and eye-tracker prototypes were significantly better than the 

audio prototype with p-values of 0.023 and 0.0013 respectively (Table 16).   

 

 Estimate Std. Error T value Pr(>|t|) 

Audio vs. ET 0.82 0.2137 3.802 0.0013** 

Mouse vs. ET 0.25 0.2137 1.170 0.25 

Mouse vs. Audio -0.56 0.2137 -2.632 0.023* 

Table 16: Analysis results for error for teleassistance prototypes 

 

Answers to questions Q1, Q2, Q3, Q5 showed that both mouse and eye-tracking created 

similarly feelings among users and better than audio teleassistance. There were no significant 

differences between the prototypes in the answers to question Q4. 

Participants expressed their difficulty to perform when instructions were delivered exclusively 

through audio (for example: “In audio assistance it is difficult to identify elements if you don’t know 

the names [of the parts]” or “Ambiguity in communication makes it challenging”). Participants 

found that the implementation with eye-tracker and mouse were very similar as seen in some of 

their comments (“Not so different between eye-tracker and mouse, but maybe in the real [world] the 

difference is more evident”, “No much difference” and “No much difference compared with [the] 

mouse”). The benefits of using a pointer for collaboration were commented by participants (“Very 

good with the pointer so I do not have to think about [the difference between] left and right” or “I 

prefer the eye-tracking aid. In larger, more complex cases, I am sure it would make a huge 
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difference”); while some others commented on the complications (“Eye-tracking is nice but 

sometimes inaccurate” or “Projector has little resolution for very detailed electronic work”).  

7.5 Analysis of UX perception 

A multiple linear regression was performed into the results of the questionnaire to discover what 

was the relationship between the completion time, the number of errors, and the subjective 

perception from the users to the prototypes. The answers to each question were used as the 

dependent variable of the regression, while the completion time and the number of errors were used 

as the independent variables as expressed in the formula:  

 

Estimated answer = β0 + β1 Completion_time + β2 Number_of_errors 

 

In table 17 we can see the results of the regression for each question.  

Question β0 p(β0) β1 p(β1) β2 p(β2) 

Q1 

(simplicity) 

1.0069 0.0032** 0.1049 0.0052** 0.35 0.010* 

Q2 (Speed) 0.96 0.0067** 0.014 0.00029*** 0.31 0.029* 

Q3 (Comfort) 1.32 0.00024*** 0.0098 0.012* 0.19 0.16 

Q4 (Mistakes) 1.73 2.53e-06*** 0.0097 0.013* -0.085 0.55 

Q5 (Stress) 0.99 0.0027** 0.011 0.0016** 0.24 0.075. 

Q6 (ET 

usefulness) 

1.88 0.0391* 0.0045 0.705 0.37 0.256 

Table 17: Multiple regression results for UX 

 

The results show that the number of errors had a higher impact on the subject perception of the 

users than the completion time, although the results are less significant. None of them had 

significant results in the answers regarding the usefulness of eye-tracking (Q6) as the answers were 

mostly positive, independently of the number of errors and the completion time.  

 

7.6 Discussion 

Eye-tracker performed better on completion time and errors for training and showed similar 

performance to mouse interaction for the IoT device and teleassistance. Almost all UI interactions 

nowadays are based on mouse on PC and touch on smartphones and tablets. Such familiarity with 

an input device represents an evident benefit for users as they were very familiar to them and have 

had years of experience of using them. The fact that eye-tracking interaction performed better or at 

least similarly to such (the facto) standard input devices, make eye-tracking a very promising 

alternative for future use as an input device. Furthermore, eye-tracking has the benefit of allowing a 

hands-free interaction to users. Such benefit is especially useful when the user has the hands busy, 

as when using a tool, holding an object or driving a vehicle.  

Even in the cases where the eye-tracking performed similarly in terms of efficiency and 

effectiveness to mouse or touch, the subjective ratings from the users indicated that participants 
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found eye-tracking more comfortable, less stressful and perceived the task to be to finished quicker. 

Some participants expressed that they enjoyed using eye-tracking because of the novelty factor, 

which may have helped to improve their opinion, and would like to see more use cases employing 

eye-tracking.  

Video training benefited by the fact that users could see the instructions just before they had to 

perform the task themselves, which reinforced the rules of the operation. For example, some 

participants forgot to “welder” the pieces for three seconds when using the training prototype with a 

paper manual. But when the participants watched the operator performing the task in video 

training, the rule was reinforced on every step. Video training and teleassistance support with a 

pointer helped the users who did not know of the board’s part names, as they could follow 

instructions visually regarding where to set the pieces.    

For teleassistance, participants did not perceive a significant difference between when the 

expert was using the eye-tracker or the mouse. From their point of view, the system behaved 

similarly: participants simply followed the marker and were unconcerned whether it was controlled 

by the mouse or gaze. That the pointer could be locked in a particular position helped to prevent any 

distraction from the eye-gaze unsteadiness. The number of errors and completion time were 

significantly higher on teleassistance without a pointer as the operator could not see the gaze and 

had to trust on her/his understanding of verbal instructions.  

Eye-tracking prototypes showed a lower spread on the results for completion time, meaning 

that the results were more consistent among the participants. The results showed that the use of 

eye-tracking can serve as an equalizer among diverse users reducing the differences in performance 

between them and increasing the predictability of the time to accomplish a task for future workers. 

There was an exception to this in the prototype of video training. The larger spread of results can be 

explained because of the use of a pedal as a second modality, as users were not familiar with using 

feet for clicking.    

The initial hypotheses for this research were:  

H0. The user experience of AR prototypes will be superior in prototypes using eye-tracking.  

It has been proved that eye-tracking performed better in terms of stress level, comfort, and 

perception of completion time for users. Although there were no significant benefits regarding the 

easiness of correcting mistakes and perception of interaction complexity.  

H1. The errors committed on AR prototypes will be inferior in prototypes using eye-tracking. 

H2. The completion time on AR prototypes will be inferior in prototypes using eye-tracking. 

The eye-tracking interaction proved to have lower completion times and errors committed in 

the case of video training. In the teleassistance, it performed significantly better than audio 

assistance but similar to mouse interaction. In the interaction with Internet of Things devices, it 

performed similarly to touch interaction.    

One interesting point to discuss, is that there were no penalties in the performance of the users 

for any committed errors. Adding some restrictions to the completion time or committed errors 

from the participants could have resulted in a more precise performance from the participants.  

 

8 Conclusions and Future work 

In this section, we are going to cover the conclusion to this thesis work and suggestions for 

future work in this field.  
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8.1 Conclusions 

The goal of this project was to explore the integration of Augmented Reality (AR) and Eye-Tracking 

and in what ways it could benefit manufacturing applications. We demonstrated that eye-tracking 

performed better in terms of effectiveness and efficiency than their counterparts for training, and 

showed better subjective ratings in terms of comfort, stress, and perception of completion time. 

Some of the problems found to the use of AR in the research phase were resolved, as the 

improvement in the ergonomics of tablet-based AR.  

Although we encountered that the use of eye-tracking is not lacking complications. Eye-tracker 

hardware was very sensitive to the position and orientation to the user. If the user was not located at 

the right distance, position, and facing the eye-tracker it was easy to lose track of the user’s eyes. 

This was particularly noticeable when the eye-tracker was installed on a tablet. Although this 

problem did not worsen the users’ experience as they found easily how to regain tracking. The fact 

that users’ position was calibrated before the tests, helped to make them aware of the importance of 

the body and device position and helped them to correct it when the tracking was lost. The benefits 

of not having to stretch the thumb to click anywhere on the screen seemed to have had more weight 

in their opinion when rating comfort than the higher number of errors committed.  

After analyzing the results, the use of eye-tracking seems very promising as user input with 

augmented reality, but its limitations must be taken into account. Eye-tracking of users on a 

workbench with a horizontal display is not accurate with current technology. The user must be 

steady to maintain tracking and the accuracy of the readings decreases on the edges of the 

workbench.   

The use of eye-tracking as a tool of interaction for projector-based AR has not been explored 

previously and we have found positive results that encourage us to continue researching this field. 

The use of a board model made of LEGO made a contribution to the testing methodology as an 

intermediate step between low and high fidelity prototype.   

The findings showed how the use of eye-tracking in prototype implementation resolved some of 

the needs found during the design exploration phase, specifically the user experience on training 

and teleassistance systems, as described by the industrial partners. 

8.2 Future work 

Some of the problems found when working with the eye-tracker during the project were related to 

use a monitor desktop eye-tracker in a tablet or on a horizontally projected image. Research with 

different eye-tracking devices (for example, glass-based eye-tracking or HMD augmented reality) is 

needed to test if these problems could be solved in similar experiments. Electronic manufacturing 

lines involve frequently the use of microscopes to assembly chips. The operators working in such 

lines change focus frequently between the paper manual and microscope causing eye strain after 

hours of use. An exploration of AR and eye-tracking integrated in the microscope viewfinder could 

show improvements in usability for microscope workers.  

Using pedals as a second modality with eye-tracking showed to add some extra complexity to 

participant’s performance (even being explicitly commented). The impact of the use of pedals for 

input on participants could be researched and different modalities explored to investigate if the 

performance could be improved. Projector-based AR needs a higher resolution than the used in this 

project to work with smaller parts. Future studies could research the effect on the usability of 

different resolutions on projected AR. During the experiments, there were no extra motivation for 

the participants to perform faster or with fewer errors. Gratification could be included in the 

experiments to add a motivation of performing the tasks without errors and in optimal time.  
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Research is needed in the field of teleassistance on the use of eye-tracking by the expert and 

comparing it with different interaction techniques. Furthermore, the collaboration between more 

than two users with a common space for shared gaze could be explored.  
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Mother board AT-ST 100X 

 

 

Instructions manual 
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Motherboard schematics 
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Instructions of use 

 

General instructions: in order to add or remove components 

from the motherboard, the electronic solder should be used 

on top of the piece for 3 seconds.  
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A. Production Test 
 

 

 

 

 

1. Remove the cylindrical graphical chipset from the 
slot A 

 

 

2. Remove the grey chips from the ATX ports A and B 
 

 

3. Remove the red chip from the AT/ST module and 
plug it into the STX adapter 
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B. Network Test 
 

 

1. Substitute the chip in the graphic slot 2, for a white 
chip 
 
 

2. Move the black chip from the network module, from 
the left side of the slot, to the right side 
 

 

3. Add a black cylindrical processor on top of the grey 
processor 
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C. Operational test 
 

 

1. Change the card in the expansion slot 1, to slot 3 
 

 

2. If the processor has a red light, remove all the power 
fuses. If the processor has a yellow light, remove the 
power fuse in the slot that has a red chip.  

 

 

3. Add enough black chips to fill all the four memory 
slots 
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D. Stress Test 
 

 

1. Remove the chip from the ATX port A 
 

 

2. Replace the processor for a new one 
 

 

3. Remove all the graphical chipsets from their slots 
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Appendix B: Video links 

Prototypes showcase 

https://vimeo.com/367813004 

 

Training videos 

https://vimeo.com/365102194 

https://vimeo.com/365103913 

 

 

Appendix C: Research survey 

Augmented Reality use survey 
This is a short survey related to the use of Augmented Reality in your company. The aim is to find current benefits and pain points of AR to help 

investigating new use cases. The results will be used for research purposes only and will not be shared with any company.  

1. Name of the company 

2. Department 

3. Company size 
• Small (<50 workers) 

• Medium (50-250 workers) 

• Large (>250 workers) 

4. Productive sector of the company 
• Primary sector (mining, agriculture, forrestry, quarring...) 

• Manufacturing 

• Construction 

• Energy 

• Electronics 

• Services 

• IT 

• Design 

• Other 
5. Is your company using Augmented Reality right now?  

 

If your company does NOT use Augmented Reality 

6. Why do you think the company is not using Augmented Reality at the moment? 

7. Do you think that the company could have interest in using Augmented Reality in the next 

three years? 

8. What kind of problems of your company do you think Augmented Reality could help to solve? 

9. What advances in Augmented Reality would make it more likely to be used in your company? 

10. Do you have any other comment related to Augmented Reality use in your company? 
 

https://vimeo.com/367813004
https://vimeo.com/365102194
https://vimeo.com/365103913
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If your company uses Augmented Reality 

11. What kind of hardware implementation is being used? 
• Head Mounted Display 

• Tablet 

• Phone 

• Other  

12. What operating system is being used? 
• Windows 

• Android 

• iOS 

• Linux 

• MacOS 

• Other 

13. What is Augmented Reality used for? 
• Training 

• Production 

• Maintenance 

• The company sells AR products/services 

• Other 

14. What benefits is the company getting by using Augmented Reality?  

15. What problems do you find in the current implementation of the Augmented Reality in your 

company? 

16.  What advances in Augmented Reality would be of interest for your company in the next three 

years? 

17.  In what other fields could your company use Augmented Reality in the next three years? 

18.  Do you have any other comment related to Augmented Reality use in your company? 
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