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Abstract 
This paper is a study of the aspects that are important to consider when designing an 
unobtrusive interaction for wearable devices in the area of extreme sports. The work is 
based on an analytical study of seemly-unrelated areas with the common facet that they all 
call for an unobtrusive interaction in their devices. The findings of the analysis conclude 
that it is necessary a change of direction in the design because it is not possible to design an 
unobtrusive interaction that relies on active manipulation. Activity theory and affective 
computing present theoretical principles with the potential to be used as a framework for 
HCI and solve the mentioned issues. Finally, I design the user interface of a specific case in 
the areas of mountain biking and skiing to use it as design-oriented research. An essential 
aspect of this case is the use of expert feedback and video simulations to drive the design 
process. Another important point is the definition of the situations and variables that will 
be observed by the system to adapt itself so it is able to continue being unobtrusive and 
helpful through the changes. 
 
Keywords: interaction design, unobtrusive interaction, discrete interaction, wearable 

devices, design-oriented research, graphical user interface (GUI), user experience, extreme 

sports 

1. Introduction 
Decades ago, desktop computers began to create the need to stay in front of a desk many 

hours per day. They became powerful machines really useful for many tasks in a short period 

of time (Ayers & Shah, 2001; Lowe, 1997). Recently mobile technologies are enabling us to 

leave our homes or the office without leaving behind that functionality. Sadly, some 

problems have arisen which make increasingly difficult for us to do anything without 

interruptions, like enjoying the environment, doing another activity, interacting with people, 

etc. The interaction with technology often demands our attention multiple times per day with 

notifications that use sound, vibration, lights or graphics. Many of us expect those 

notifications during the day and we may get worried if we do not receive anything for a while 

(Murtagh, 2002; Oulasvirta, 2005). In fact, we probably end checking the device anyway to 

check if something is wrong. Thanks to their popularity, today in countries like Sweden it is 

seen as normal behavior to interrupt anything that we are doing and use the device 

(Lundberg, 2013). Among the most typical reasons are to see why our phone is ringing, to 

make a search or to share a moment. On the other hand, sometimes we really want or need to 

stay concentrated on a particular activity. In those situations, the only way out for many of us 

is to turn off the device and stay for a while disconnected (Lundberg, 2013), which one can 

argue that is not the perfect solution as we would face problems like being unreachable for a 

period of time, even in the case of emergencies. It has become difficult to disconnect as well 

because technologies like mobile phones are creating addiction (Chóliz, 2010). We have 

created the need to be connected to information and people far away and just the fact of 
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trying to ignore that need is mentally challenging (Peters & Allouch, 2005; IDC research, 

2013). 

Today, it is getting popular a new type of devices called wearables (Hong & Baker, 2014). 

Similar to the case of hand-held devices, the name of wearable devices refers to how they are 

meant to be carried or held, in this case, worn as normal clothes or accessories. This means 

that the user does not need to put them away when it is not using them, like in the case of 

hand-held devices that the user usually leaves them in the pocket. Wearable technology 

already offers a huge diversity of products as well a great range of intended uses. However, 

the majority of them are meant to be used while doing another activity and make use of being 

so easily available for the user at all times. One of the usual characteristics of these devices is 

the aim to be integrated even more with the day-by-day life, enhancing in some way their 

activities without interrupt them. Among the most popular in this range of devices are those 

that are designed to wear as eyeglasses (e.g. Google Glass, Recon Jet). I believe that the 

unobtrusiveness of the interaction is an important factor to take into account as the display 

of these devices is in front of our eyes. Some critical problems may appear: visual artifacts 

that obstruct the vision, behavior changes and other unpredictable issues (Hladecek, 2013). 

In addition, I expect that these kinds of problems will only increase in relevance as the 

popularity of wearable technology rises. 

The recognition and study of this issue is not new. Probably, for the majority of the 

population the problem became apparent with the use of the first mobile devices. However, 

earlier it was important in specific fields, like aviation or motor vehicles (Adam, 1993; Liu & 

Wen, 2004). One field that it is been surprisingly left in this area of research is extreme 

sports. Research in this area is sparse although I consider that there are high demands of 

unobtrusive technology. The reasons to believe this is that often, athletes require the use of 

technology to gather data about their performance because this information is important for 

them in order to improve. Wearable devices, as a technology that potentially could be used 

while doing sports, it is very interesting for them as it is shown by the quantity of devices that 

are appearing (Appendix 2, p. 23). The context of this technology is similar to the existing in 

the fields mentioned above, in which the user needs to be focused on one activity but, at the 

same time, some additional information can be useful and enhance the experience. Finally, 

sports seem like a nice field for experimentation because users appear more willing to wear 

different devices that they would not wear in another situation. For instance, if we take a look 

to the eyeglasses used in sports such skiing or mountain biking, they are usually bulky, 

colorful and plastic-made, which contrasts with the eyeglasses of everyday use, that are more 

subtle, lightweight and overall stylish (Appendix 2, Figure 6, p. 26). 

1.1 Research question 
Given the background and problems discussed above, I see relevant to address the following 

question in this essay: 

 
• What aspects are important to consider when designing an unobtrusive 

interaction for wearable devices in the area of extreme sports? 
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The term unobtrusive is used here to refer to interfaces that, when used, do not capture 

the full attention of the user who can still use the system while performing other foreground 

tasks. In this case, that task is practicing an extreme sport. Therefore, the research presented 

in this paper is concerned with how demanding is the interaction with the devices that we 

use, and how we can create interaction interfaces that reduce their load of attention when 

this is required. The final ambition is to serve as a guide or useful example for designers of 

unobtrusive interaction design in extreme sports or other related fields. 

2. Method 
The method used in this paper is analytical, in the sense that it includes a literature study of 

different areas related with the research-question and the application of that knowledge to a 

scenario in the area of extreme sports. The design process of this case is used both as a 

learning tool and as a way to explain our findings with an example. 

2.1 Literature study 
The focus of the analysis is on theories, techniques and technologies that can be used in the 

field of extreme sports. Its ambition is to understand the difficulties that designers find when 

they design devices that demand an unobtrusive interaction and discover what are the 

approaches used in other areas. The systems used in specific fields like aviation appear to 

successfully support without obtrusion the activities of the users while in several other fields 

the systems are not able to. The purpose of this study is to learn what makes that possible if it 

is the case. The analysis begins with a study of the systems used in aviation, which I consider 

as one of the most developed fields both in research and in practice in which unobtrusive 

interaction design is relevant. I continue with a study in extreme sports to see the state of the 

area that I will study. Finally, the analysis is focused on theories like affective computing and 

activity theory and their potential to be used as a framework for the design and evaluation of 

unobtrusive interactions. 

2.2 Design-oriented research 
In addition of the analysis of literature, this paper uses the design process of the user 

experience of a head-up display for mountain biking and skiing. This approach is often called 

design oriented-research and can be seen as designing the prototypes or tools that will enable 

the gain of knowledge. 

It studies the designed artifact in use or from the process of bringing the 
product into being and should be seen as the main contribution while the 
artifact that has been developed becomes more of a means than an end [...] The 
artifact that is developed does not need to encompass all services, functions and 
level of completeness that a final ‘product’ would need to embrace. The design 
oriented-researcher hence works with sketches and prototypes of different 
kinds, depending on what aspects are investigated, which many of those are 
anything but convincing products (Fällman, 2004, p. 2). 
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Prototypes are widely recognized to be a core means of exploring and expressing 
designs. Houde and Hill (1997) explain that doing prototypes for interactive computer 
systems is complex and it may be problematic. Most of the artifacts have a combination 
of software, hardware, visual look and interactive features. Each individual has 
different expectations of what means a prototype. In this context, the designer may 
present some work that take into account only the look and feel but receives questions 
about its implementation when it is presented to an audience who is not informed. This 
happens fairly often, which makes necessary to clear the matter before hand. Houde 
and Hill (1997) present a model to define what the purpose of each prototype is. The 
parameters are the role, the look and feel, and the implementation. Every prototype 
has different measures of these three parameters that define its intention, meaning that 
designers can focus only in some of the parts and leave without consideration others. 
The purpose of my prototype is on the role and the look and feel without considering 
the implementation (Figure 1). 

 
The concept of this device enables athletes of those extreme sports to get useful 

information in the right context, in a way that does not interrupt them while doing the 
activity. The findings of the literature study are a significant guide of the design 
process, as I use the reviewed techniques and theories to apply them as a starting point 
to this specific context. Buxton (2007) describes “sketching user interface” as a process 
used to generate new ideas. Buxton also considers that there is a huge value in 
gathering and sampling material from other fields and using them as a starting point. 
For Buxton (2007), the sketches aim to imagine and capture a person’s behavior as 
they interact with a system over time. The interface can be captured with storyboards 
or animated into interactive movies so others can participate in the design process and 
critique it. 

In my design process, I use different video simulations as the main technique. 
 
 

Figure 1. Purpose of my case in reference with the triangle 
described by Houde & Hill (1997). 
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2.2.1 Video simulations 
Video simulations can be seen as a powerful tool to capture how the interaction of the device 

changes over time (Buxton, 2007). For instance, in the case of an interface that gradually 

changes automatically when the user is going faster, the video is a nice way to see it in 

comparison with the other techniques like the still images used by some methods (e.g. 

wireframes, paper prototyping). In addition, video is useful to explain the behavior of a 

device for the first time (Buxton, 2007). Imagine how difficult would have been to 

understand the initial user experience of a product like the iPhone if we could only see it in 

wireframes and still mockups. In reference to Houde & Hill (1997) explanation for 

prototypes, a video simulation of the glasses show what it feels to wear them and how the 

user can interact with the device, forgetting entirely the problem of how that design will be 

implemented, what technologies will use, etc. In a similar way, a pair of glasses can be built 

to test if the technology is enough developed to build that artifact, but it does not take into 

consideration what the artifact could do for the user, it does not explain the functionality and 

has little attention to the look and feel. In these terms, the purpose of my prototype is to 

define the role and the look and feel. I only consider the technology briefly to understand the 

possibilities, while I focus entirely on how the device should behave and how the interaction 

works and feel. 
I use video simulations to recreate the environment of the athlete during the activity and 

enable a discussion with the experts both in interaction design and in extreme sports. The 

videos show footage of actual athletes doing the activity with a camera placed in the head. On 

top of the footage, I created an animated version of the graphical interface simulating the 

behavior as it is described in the previous sections. There are several versions of the videos 

recreating specific cases or parts of the interaction. Each version of these videos has the 

purpose of enabling discussions and semi-structured interviews with experts of interaction 

design and extreme sports. Therefore, this is a continuous learning process (Fällman, 2004) 

in which I use heuristic evaluation (Nielsen & Molich, 1990) with experts. The limitations of 

this method along with the reasons to use it are explained in the section of this paper called 

“7. Conclusions” (p. 17-18). A group of 4 experts selected by their availability and willingness 

to help were consulted through the whole process. All of them were interaction designers 

with several years of experience and also had previous experience with skiing. 1 of them was 

an enthusiast of different extreme sports like mountain biking, skiing and climbing. His 

experience consisted of several years of practicing the sports and being a participant of small 

competitions. The evaluation process was part of the overall design process, as it was 

conducted by semi-structured interviews that happened every time that I had created a new 

video simulation introducing new ideas or the feedback of the previous discussion. 

3. Related research 
The following section presents examples of previous work related with this research area. 

The challenges to create unobtrusive interactions with technology appear in other fields as 

well, and some of them are areas that have been in development for some decades and haven 

taken important steps that are possible to study and learn from (e.g. aviation). Hence, I have 
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studied several fields, including aviation, sports, wearable devices, activity theory, affective 

computing, haptic, environmental displays, etc. It is hard to define a specific individual 

research area as the sole focus for this study. These seemly unrelated areas have in common 

that they all call for unobtrusive interaction, they use different approaches and present 

different results but all of them try to solve a related issue. 

3.1 Aviation 
In military aviation, the aircrafts are often equipped with head-up displays (HUD). A HUD is 

any transparent display that presents data without the requirement to look away from their 

usual viewpoints (Appendix 3, Figure 7, p. 27). The pilot is able to view information with the 

head positioned “up” and looking forwards, instead of angle down looking at lower 

instrument. These systems are fixed, mounted in front of the pilot. There are also head-

mounted displays (HMD), which for example are mounted in a helmet or in glasses. The 

displays are graphical layouts that provide huge amount of information with a single glance, 

but the pilots need to received training and get familiarity in order to understand the 

information of the user interface (U.S. Federal Aviation Administration, 2007). One of the 

main reasons for this is that the layout has minimal indicators of what the numbers or 

graphics mean. It is a tradeoff that works extremely well once it is learnt and, in this field, 

that is not an issue because the users will receive proper training. The system makes use of 

common notifications using sound and graphical symbols in the screens with different 

behaviors like blinking. Some user interfaces make use of different colors to define the nature 

of the notification but this is not as common.  

One difference of HMDs in respect of HUDs is that the latter are fixed in the aircraft and 

require that the pilot looks at it from a specific position in front of the display. HMD do not 

have this issue but require that pilot wear more instrument in the head. HMDs usually have a 

simpler interface that does not provide all the information that a HUD is able to. The 

displays do not require explicit input from the user. They are designed to provide the same 

kind of information at all times, like altitude, stall angle, runway diagram, ISL localizer, etc. 

(U.S. Federal Aviation Administration, 2007). 

Besides displays, it is perhaps surprising the prevalent use of physical controls (e.g. 

buttons, wheels, switches) as opposed to the popular tactile controls. However, touch screens 

often have user interfaces with buttons that require looking at them while interacting. The 

physical controls used in aviation give the pilot direct feedback and the possibility to train the 

memory to use them without sight support. Research studies in the area of haptic 

technologies are developing systems in which the force exerted by a finger is considered and 

it gives different types of focused feedback (Redux, 2013). This technology can be calibrated 

to mimic different texture and one of its goals is to bring haptic technology to military 

aviation. 

3.2 Wearable devices 
The most popular wearable devices that have the form of glasses require explicit input from 

the user through touch gestures (e.g. Google Glass, Recon Jet; Appendix 2, p. 23-25), which 

require that the user raises the hand till the side of the head and perform precise movements 
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touching the device. Some devices also use other forms of input like voice commands, 

movements of the arms in front of the device (e.g. Meta), and finally some use a secondary 

device (e.g. Oakley’s Airwave goggles; Appendix 2, p. 25). As explicit inputs, they enable 

precise commands to use when interacting with the device. On the other hand, they require 

precision, attention and familiarity in order to achieve the expected results. 

As pointed by the user interfaces used in aviation, the requirement of previous training is 

not necessarily bad as it may permit the creation of more complex interfaces that at the end 

are worth the effort. In comparison, the interaction of the most popular wearable devices 

does not rely on the users spending time learning how to use the devices. This is probably the 

cause to rely on a few techniques that are already known (e.g. touch screens) in contexts in 

which those techniques are neither optimal, not only for being obtrusive. Although the use of 

standard techniques has valid reasons, I consider that there are ways to introduce the 

interaction techniques to the users. When we learned how to perform the gestures to interact 

with a smartphone like the iPhone, the process felt natural, as if we already knew (e.g. 

scrolling with a finger). We are able to learn quickly by doing and observing, relating parts of 

the user interface to things that we already know is a good way to learn how to use them 

quickly. In the study of using the lack of familiarity as an asset, there are devices in which the 

display of information is hidden, designed to be natural with the environment, and require 

familiarity to know the nature of the information that they transmit (Fercher, Hitz & Leiner, 

2009). In one of their examples of this study, the authors describe a device to display the 

information regarding power consumption in the house. They argue that some kind 

information like the state of electricity consumption is usually only checked once a year and 

it is presented by a counter. They propose the use of ambient information systems to make 

residents aware of their consumption. In this case they use a modification of the painting by 

David Hockney called “A bigger splash” (Appendix 3, Figure 8, p. 27) with the heights of the 

palm trees subtly changing to reflect the power consumption. This system enables that the 

display of information could be placed in a relevant place to be found easily if needed by the 

expert user. It never needs to attract attention and, at the same time, it fulfills a decorative 

function. The information is displayed in an approximate manner because it is not necessary 

to have the exact value. The nature of the data is such that an exact value could be less 

valuable and harder to read. 

When considering the range of interactions we are designing for, there is clearly a tradeoff 

between designing for general-purpose interaction, and designing simpler interfaces for a 

more specialized purpose. Wearable devices cannot be used in the same way that we use a 

computer or even a smartphone. If their goal is to be integrated with the day-by-day life 

enhancing the activities without interrupt them, we cannot interact solely with them for long 

hours. This is the approach used in Google Glass and its solution is an interaction 

characterized for small bursts of usage. Users need to pause for a moment what they are 

doing, perform an action in the device that typically takes a few seconds and then go back to 

their activities. At the end, the device still interrupts and requires the attention fairly often. 

In extreme sports that type of interaction would not be possible, since normally the users can 

not afford to be interrupted or dedicate their attention even if it is only for some seconds. 
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3.3 Extreme sports 
As I said previously, the research in sports concerning unobtrusive interaction design is 

sparse. However, some studies do show some of the concerns that designers of technology 

need to take into consideration to fulfill better the demands of the athletes in terms of 

unobtrusiveness. Sports have been object of study as an activity in which the participants are 

under pressure and need to cope with high cognitive load. Spelmezan (2012) describes the 

results of a test made by system with which snowboarders can use vibration feedback around 

the shoulders and the tights of the legs while learning to perform a technique. The results 

show some details about how our attention behaves when we are focused on another activity. 

Users reported that the system was helpful and noticeable when they knew the basics of the 

technique and they could focus on improving the details. However, if the users were 

overwhelmed because they were doing something completely new, they did not feel any of 

the vibrations. 

In another study (Marshall & Tennent, 2013), the topic is centered on swimming in cold 

waters with the purpose of defining the challenges that are present when designing the 

interaction of mobile devices that will be used in motion. This study talks about one of the 

most common assumptions when creating the interaction of a mobile device, that is that 

people stop and are looking at the screen when they interact with the device. This paradigm 

is so common because it removes a vast number of variables from the situation. This allows 

the creation of complex interfaces and interactions. However, whilst current design assumes 

stop-to-interact, there are cases in which people do engage in activities while interacting. 

This has led to take measures, like passing laws that ban the use of mobile devices while 

driving, GPS navigation devices for the car that caution against the use in the road, etc. 

Other research use visual and audio feedback to give instructions in real time to the 

participant who is doing a sport activity like skiing or golf (Nylander et al., 2013). The results 

conclude that due to the involvement of several parts of the body it is difficult to focus on the 

feedback. In addition, this study suggests that with discrete audio feedback, participants had 

some added difficulty in perceiving it, perhaps this having to do with our audio memory 

being less trained compared to our visual memory. Sports like skiing and golf create different 

situations and “it might also be the case that audio feedback on a discrete movement such as 

golf swing requires more interpretation than a continuous movement such as running or 

cross-country skiing” (Nylander et al., 2013, p. 4). 

4. Towards a theoretical framework for the design and 
analysis of unobtrusive interfaces 
The conclusion that I reach with these research studies in sports is that is a great challenge to 

create an interaction that remains optimal when the situation (user or environment) 

changes. Many sports offer a fairly controlled environment in which alterations are very 

limited, like swimming in a closed pool. Extreme sports, on the other hand, are commonly 

seen as such because they involve risk and circumstances that are hard to predict. 

Considering this, I believe that it is difficult to narrow down the interaction design in a 

manner that fulfills the user’s needs through the whole activity, and that there are many 
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variables that involve both the user and the environment. With any change, they may require 

something different from the device and it gets really difficult for a system that is not able to 

adapt to provide meaningful feedback through all these modifications. In skiing, the weather 

conditions may change, the terrain may get harder, the speed may increase, etc. Similarly, 

the user may get tired and lose concentration, which may mean that the same amount of 

information becomes annoying, it gets ignored or it is overwhelming. It may become 

significant when there is a change and as result the user may stop receiving the information 

that it is important. It is essential that a product designed to provide good feedback and be 

unobtrusive should be able to understand and act differently depending of the context. 

Weiser and Brown (1997) discuss this using the term Calm Technology to stress the 

importance of adapting the computers and their interfaces to human pace rather than the 

other way around. 

There are different paradigms relative to the design of systems that work independently, 

understand and observe the user and its surroundings to significantly improve the user 

interaction with them. Abowd, Mynatt and Rodden (2002) propose that implicit input must 

be provided in the user interfaces of ubicomp systems. As opposed to explicit input, implicit 

input is obtained from users by just observing their behavior or their surroundings, for 

example by observing the objects that the user is supposed to interact with. Implicit input 

does not necessarily require conscious supervision from the user. It may trigger incidental 

interactions (Dix, 2002) that happen when the environment reacts to the user behavior but 

who does not present conscious attention or a precise goal.   

4.1 Affective computing 
Affective computing is an interdisciplinary field spanning computer science, psychology, and 

cognitive science. It suggests that the computer or system should be designed in a way that it 

is able to focus on what is the user transmitting with its emotions. The original ideas of 

affective computing came from the field of artificial intelligence, following the strong idea 

that it is possible for machines to understand people. Computers could observe what users 

are experiencing when they are interacting with the systems and use these emotional cues to 

modify the interaction pattern in order to create new emotional experiences or adapt 

themselves to fix problems like user frustration. The reason to focus on emotions in order to 

create smarter computers is because several research studies (Leith, 1996; Luce, 1998; 

Bechara et al., 1999; Lerner & Keltner, 2000) have shown the importance of emotions in 

intelligence. This research has taken into account the measure of the various impacts of 

emotion on decision-making and its results indicate that it is essential for intelligence a 

healthy balance of emotions. The same occurs to creative and flexible problem solving. When 

presenting too much or too little emotion occurs in humans we call it a disability, like autism 

(Picard, 1997). 

When humans are interacting between each other, many times the part of the message 

that communicates emotion is the most important part. It is not necessary to create a 

complete emotion system for every device, ones would have more capacity to communicate 

through speech while others would excel in communication with gestures and, among them, 

there will be different levels, each of them making sense because for that specific machine is 



 

  10 

enough to have that specific emotion system. We are really good at interacting between each 

other using a set of tools like the language or emotions. We have practiced these tools till the 

point that we are comfortable with them but computers are forcing us to learn new ones. If 

computers are able to understand us, not only would mean that they are able to assist us 

better, we may be able to use our experience with language and emotions (Picard, 1997). 

Sports are a field in which athletes are usually under heavy pressure that triggers all kind 

of emotions. Systems can use the recognition of emotions during a performance to improve 

the assistance that is able to provide to the athlete. The monitoring and understanding of 

these emotions would enable many applications. Research studies have been focused on the 

impact that emotions have in the performance of the athletes and what kind of emotions are 

present in higher level in elite athletes compared with non-elite performers (Robazza & 

Bortoli, 2003; Hagtvet & Hanin, 2007). 

4.2 Activity theory 
Activity theory is a model of human cognition used to describe the actions of humans in a 

socio-technical system. The focus of activity theory is to understand the structure of user’s 

consciousness and activity. The notion is that “consciousness is the depiction of activity, a 

phenomenon that unifies attention, intention, memory, reasoning, and speech." (Nardi, 

1996). For activity theorists "consciousness" refers to any mental functioning, whereas most 

other approaches to psychology distinguish conscious from unconscious functions. Activity is 

defined as “a form of doing directed to an object, and activities are distinguished from each 

other according to their objects. Transforming the object into an outcome motivates the 

existence of an activity. An object can be a material thing, but it can also be less tangible." 

(Engeström, Miettinen & Punamäki, 1999). 

Researchers of activity theory have applied its abstract principles to the field of human-

computer interaction (Kari Kuutti, 1996; Kaptelinin & Nardi, 2012). In the model proposed 

by Kuutti, the theory is used to describe the relations and movements between the levels of 

an activity rather than focusing only on user’s tasks. Activity is decomposed along the 

dimension of consciousness, from high to low, in three main categories: Goals, Actions, and 

Operations. Operations represent the most unconscious and routinely activities that require 

low level of explicit attention. Actions are the next level and are formed by a set of 

operations. While a single operation can be used for different actions, typically more than 

one operation is needed to complete an action. Goals correspond with the highest level of 

activity. They represent the desires about changes in the environment (e.g. completing a 

route in bike) or in the internal states (e.g. being happy). 

Research studies in interaction design have used often the work derived from Kuutti. The 

framework of activity theory is used to base the principles of newer frameworks like Pallotta 

(2009) about kinetic user Interfaces, Li and Landay (2008) about activity-oriented design or 

about communication with dynamic text and conversation (Cooren, Taylor & Van Every, 

2013). 

4.2.1 Activity theory used as a framework 
Based on the model used by Pallotta (2009) for assessing the unobtrusiveness of a user 

interface, I adopt the activity theory model for the development of my project. I consider that 



 

  11 

the interaction with the wearable devices that I studied is minimally unobtrusive. The main 

reason is the following: 

“Relying on direct manipulation of the interface’s elements requires immediate feedback 
in order to verify the success of the operation. The user is almost always forced to look at 
the manipulated interface’s elements. If this is acceptable in using a desktop application, 
it is not when using a computing system in mobile environments” (Pallotta, 2009). 
 
The studied scenario benefits more from a device that simply monitors what the 

user does and what happens around him to deliver the best interaction. Therefore, by 
using this framework, I assume that the user is performing an activity and the system 
monitors what is happening. In this case, the user would be riding a bike or skiing. The 
system recognizes the level of attention of each situation and assigns each one to a 
higher or lower level. When the operations require low level of attention it is likely that 
the user is able to pay attention to the device. When an abnormal (or relevant) 
situation is detected, the system expects that the user will now focus on the operation 
recognized as problematic or relevant to the current context. Then the system should 
be proactive and maximize the level of unobtrusiveness, providing only the crucial 
information. 

In order to evaluate the degree of unobtrusiveness of an interaction design, Pallotta 
(2009) uses four parameters, which I will use as well: 

1. Activation cost. It measures the cognitive load required to activate the device 
when the user requires an interaction. For instance, in the wearable devices 
studied this point would be the touch gestures with the fingers on the device 
that are required to start interacting with the device (e.g. Google Glass, Meta, 
Recon Jet). In the case of Google Glass, an alternative would be the use of 
voice commands which it may reduce the activation cost depending the 
situation. As it is discussed with affective computing and activity theory, it is 
possible for a device to be always available, requiring less activation cost. 

2. Degree of indirection. Here I use the model presented by Pallotta (2009) to 
measure how the instrument redirects the user attention when using it. 
Pallotta (2009) makes a clear distinction between the instrument and the 
domain object to measure the physical distance between them and describes 
the usefulness of this parameter in the framework to evaluate how well the 
feedback is perceived. This is used to measure the disruption caused in the 
user attention when receiving an alert and what is required from the user so 
the system acknowledge that the user has received the feedback successfully. 
A common example of a high degree of indirection is when a smartphone 
rings until the user takes or rejects a call, reclaiming the “direction” of the 
attention to itself. 

3. Degree of integration. This parameter is defined by the degree of freedom of 
the logical part of the device and the degree of freedom of the inputs 
captured by the device. In Google Glass, the device needs to recognize 
correctly when the user is using the keyword to activate the device and avoid 
being activated with other voice commands. It is important to define the 
situation that needs to happen in order to interact with the device. In 
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systems that monitor the user without explicit input, the degree of freedom 
in the input is very high, which makes harder to control. 

4. Degree of compatibility. It measures the relation between the physical 
actions of the users that are performed to interact with the user and the 
feedback that is received from those actions. To perform a scroll in an 
iPhone, the user grabs the content and moves it to the direction desired. The 
same happens when the user wants to zoom in or out. Using two fingers the 
user can grab the content and by moving the fingers closer or further it 
zooms in or vice versa. 

5. Unobtrusive user interfaces for skiing and mountain 
biking 
The previous sections describe many of the challenges present for unobtrusive 
interaction design along with theories that have the potential to work as a framework. 
This section is an exploration with the goal of learning by using the analysis of a 
specific scenario used for design-oriented research. 

5.1 Introduction of the project 
Andreas Lund and Ru Zarin from Interactive Institute in Umeå presented the project to 
me. The project aims to create a device that would enable skiers and bikers to review 
their performance at the same time that they are doing it. My role was to create the 
sketches of the user interface in which I introduce ideas and solutions for the 
interaction design. Then, experts criticize my sketches (video simulations). The process 
is repeated several times by creating new sketches that convey the feedback from the 
experts and new ideas that I introduce.  

The reasons for creating such device come from the understanding that information 
at the right time and in the right context is valuable. Usually athletes have an overall 
idea of their surroundings and their activity. They can sense some parameters like the 
speed, but aside from the errors that there may be with their perception, the 
information is often described vaguely (e.g. fast, slow, high, low). Thus, the use of 
technology is justified when it is important to get very accurate, meaningful 
information. It may be used to react accordingly in the right moment or study the data 
afterwards as a tool to improve. Common uses are to know what is the heart rate, 
speed, route tracking, etc. The data that show this information is always gathered while 
doing the activity, but there are two ways to present it: while the user is doing the 
activity or once everything has finished. It is also common to use a combination of both 
ways: the user receives only small portions of the data while performing and receives 
the rest afterwards. Some information is fine to be received at the end. On the other 
hand, other data loses most of its meaning if it is not received “live” and in the right 
context. If athletes only receive information at the end, they lose the possibility to react 
and fix their performance when it matters. 

Among the options explored in the area of extreme sports (Appendix 2, p. 23-25), I 
have chosen a head-up display as it enables to display a huge amount of information 
(e.g. displays in aviation). The reason to choose mountain biking and skiing as my main 
focus within extreme sports is because glasses are a device commonly used by 
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professionals and enthusiasts of these sports, while in others they may be more 
reluctant. The glasses are widely accepted as a valuable part, even necessary, of the 
clothes used for these sports. Skiers and bikers use the glasses to protect their eyes 
from the wind and the cold when they are moving at speed, to get protection from the 
sun and to improve clarity of vision in fog and other environments that reduce 
visibility. Other aspects taking into account are the areas of the glasses that should be 
used and what kinds of feedback may be supported. About the first, I observed using 
normal eyeglasses how we see through the glasses. The conclusion is that it is 
important to avoid dead angles where the graphics cannot be placed. These dead angles 
refer to locations in which the eyes have difficult to access like over the nose (Appendix 
3, Figure 9, p. 28). About the latter, I used vibration motors in the sides of the glasses 
to see if they were annoying or it may be supported. My observations concluded that 
depending of the strength they could be annoying or unnoticeable. It is important to 
consider that the cognitive load will affect this type of feedback (Spelmezan, 2012). I 
also discussed the use of sound feedback with interaction design experts and looked 
into how other devices make us of it. I concluded in not using it due to studies 
reporting problems (Nylander, Tholander & Kent, 2013) and those other devices did 
not provide any creative use. For example, in Google Glass, the use for sound is similar 
to the use in smartphones. 

Some aspects of how the sports are practiced become constrains or characteristics of 
the design. Examining the position of an athlete when riding a bike, I observed that it is 
common that the position of the head is not straight ahead but facing slightly down 
(around 45° from the horizontal). The eyes look straight ahead so the pupils move up. 
This means that the athlete is commonly using the top part of the glasses to see, instead 
of looking through the center (Appendix 3, Figure 10, p. 28). For this reason, I consider 
that the lower part is more conditioned for less relevant information or graphics that 
are more obtrusive and I believe that the graphical user interface should tend to use 
more that part (Appendix 3, Figure 9, p. 28). This observation is probably taking into 
account in some of the relevant wearable devices studied. Google Glass is a product 
aimed for general use. People using this device will tend to look down with the eyes, so 
its interface is positioned in the top-right corner of the eyeglasses. On the other hand, 
Recon Jet is a device specialized in road cycling and skiing, which are very similar to 
the topics discussed on this study. In that case, the graphical user interface is placed in 
the bottom-right corner. 

5.2 User interface 
The following description of the user interface is the result of the discussions and 
feedback from experts in interaction design and extreme sports. The first step was to 
decide what kind of information the athletes would find useful. These features are 
decided for the only purpose of having a device that could fulfill successfully a role. The 
information displayed is: speed, heart rate, a radar - it indicates the position of other 
people that are nearby, using their own devices as tracking point -, user improvement - 
a comparison between the current performance and the previous record -, and finally a 
route tracking with GPS. 

The framework and findings of the research served as a guide for the design process. 
To explain the interface I use the four points described in the framework. Activation 
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cost is the measurement of cognitive load required to activate the device when the user 
requires an interaction is very low if the system is always available. In this case, this 
functionality will need to judge that a mobile device cannot be always operating due to 
limitations with the battery. However, it is possible that the user turns on manually 
when it is starting the activity (e.g. just after starting to ride the bike) and it leaves on 
until the end. The device could be able to turn itself off once it observes that the activity 
has finished. 

The second point, degree of indirection, uses the redirection or disruption of the 
attention caused by the instrument. This enables the evaluation of how well the 
feedback is perceived and what is required from the user so the system acknowledge 
that the user has received the feedback successfully. As the system is observing the user 
activities and the environment, it adapts depending on what is happening and avoids 
disrupting the user in critical situations. For instance, if the speed is high and there is 
risk of losing control, the system hides information, leaving only the most important 
and the less obtrusive. It is also able to acknowledge when the user has received the 
feedback by observing if the critical situation has returned to a normal level. 

In order to decide when the system should trigger the mode of a critical situation 
and avoid being activated with other situations, it is needed to define what needs to 
happen. In the framework, this is the third point, called degree of integration. In the 
context of biking and skiing, there are several variables that I separated in two groups: 

• Performance. It measures the changes in speed, heart rate and emotions that 
affect the motivation and concentration. For instance, if the speed is high 
and there is risk of losing control, the system hides information, leaving only 
the most important and the less obtrusive. The emotions are recognized by 
the gestures and reactions that the user does involuntarily while doing the 
activity. 

• Environment. It refers to how is the terrain and the weather conditions. In a 
similar manner to speed, the system adapts the load of information 
depending of the bumpiness of the terrain, the visibility, etc. 
 

Finally, the point fourth refers to the degree of compatibility, which measures the 
relation between the actions that the user performs to interact with the device and the 
feedback that is received from those actions. The system studied uses sensors to get the 
data that will be displayed in the user interface; it does not require explicit input. When 
the user goes faster, the display of the speed shows a higher number and so on with the 
other kinds of information. Some parts, like the radar, display the data in a particular 
way. This specific example is described in the following section. 

5.3 Evaluation 
The evaluation process was part of the overall design process, as it was conducted by 
semi-structured interviews with experts in interaction design and the sports 
mentioned. We discussed during and after the creation of the video simulations, 
allowing for a rapid design process. Each one of the video simulations shows footage of 
the environment and an animated version of the user interface simulating the behavior. 
The purpose of each video is clearly defined and showed parts of the interface that I 
thought that required discussion. For example, a video (Appendix 3, Figure 11-12, p. 
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29-30) shows how is the user interface when the user is riding a bike descending a 
slope. The terrain is quite good as it is a thin road, but the user is going pretty fast and 
the visibility is low due to the fog. There is no traffic so the user has plenty of freedom 
to move and maneuver. In this situation, the user interface hides several parts of the 
interface, mostly the graphics placed in the areas that the user may use to see 
(Appendix 3, Figure 9, p. 28). In addition, in the video it is possible to see a bump in 
the road, and as a quick reaction the system hides more elements of the user interface. 
In other video (Appendix 3, Figure 13-14, p. 31-32), the user is riding a bike through a 
snowy path. The speed is quite slow and the visibility is clear, so the system considers 
that it is safe to show all the parts of the interface. 

As it is mentioned, the interface went through several changes until its last version. 
This is an outline of the most important points discussed with the experts and how I 
reached the results. 
Radar. One of the topics discussed was how easy was to understand the interface 

without any previous training. Some parts of the display are designed to be apparently 
hidden and initially obscure for the user. Familiarity and knowing the nature of the 
information is required to be able to read what it transmits (Fercher, Hitz & Leiner, 
2009). The graphics of the interface are designed to require the minimum space and 
elements but still have the capacity of transmitting the information. In most cases, this 
means that the majority, if not all, of the indicators and identifiers are out. One of the 
tests was about how the radar should be displayed (Appendix 3, Figure 11-12, p. 29-30). 
This information shows the position of other athletes that are near to the user. The 
system changes between two ways of displaying the information so we considered that 
it was one of the most complex features. When the position of the other athletes is in 
front of the user, an icon (a circumference) appears tracking its position. When it is 
behind, an icon (a circle) appears in the bottom-left of the screen. This circle moves 
depending of the position of the other athlete. In the case that no athletes are close to 
the user, there are no graphics that show that the radar is available. The results of the 
test suggest that it is moderately easy to relate the meaning of the graphics if the user 
sees it in action. The part that is most difficult to understand was the icons that 
represent tracking points that are behind. 

Another focus of the discussion was the use of graphics that track objects in the 
world. The intention was to create graphics that appeared hidden as it is shown in the 
study of environmental displays (Fercher, Hitz & Leiner, 2009). Examples: the trunks 
of some trees at the sides of the path colored of different colors with different 
meanings, simple infographics on the floor similar to the traffic lines in the roads, etc. 
The results varied with each of the graphics so I did not achieve any satisfying result. 
However, parameters that should be considered were the opacity, shape, size, and 
behavior. The best results were achieved with graphics that had low opacity, simple 
shape (e.g. square, circle, triangle…), and small size. In addition, I used graphics with 
different behaviors like blinking, color change, etc. Subtle changes over time were 
considered less obtrusive. In the final version of the user interface, these types of 
graphics are only used for the radar functionality. 
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6. Synthetizing the results 
The focus of this research is concerned with what are the aspects that we need to consider 

when designing technology with unobtrusive interaction in the field of extreme sports. These 

are my findings starting with the literature study and continuing with the design-oriented 

research. 

6.1 The difficulties of current interaction designs 
The literature study outlines how the problem is approached in other fields. From the 

systems used aviation, the most important aspect that I collect is the use of quite complex 

interfaces that have been reduced to the minimal elements, even if they require several hours 

of training. Once they are mastered, they are really good on providing the information with 

minimal active interaction (U.S. Federal Aviation Administration, 2007). In comparison, the 

interaction of the most popular wearable devices does not rely on the users spending time 

learning how to use the devices. They make use of several techniques just because they are 

standard among the potential users (e.g. touch screens), but those techniques are neither 

optimal nor unobtrusive. This is probably the reason that the study of the interaction of 

wearable devices did not bring many good findings. In wearable devices, I was surprised 

because there are devices that are designed specifically for similar sports, like Recon Jet. It 

felt that the interaction was too similar to how we interact with hand-held devices like 

smartphones while the device has different characteristics. 

The research studies in sports show another great issue of unobtrusive interaction design. 

The interaction of a wearable device that it is designed to permit the user to continue with its 

activities without interruptions is often created to rely on direct manipulation and require 

the observation of the user, instead of the opposite (Pallota, 2009). Their intention is to have 

an interaction in action, giving the user the freedom to move while using the device. The 

reality is that most user interfaces require “stop-to-interact” and are designed for active 

interaction only when the user is standing still, paying visual and mental attention to the 

device (Marshall & Tennent, 2013). The reason for this is clearly the preference for removing 

a great number of variables from the situation. This permits to use the device for many 

different purposes, as it is seen with the apps for smartphones. Another aspect discussed in 

the studies is how we manage our cognitive load and answer to discrete signals (e.g. signals 

using vibration and sound) that are intended to provide feedback while doing a foreground 

activity. The results show that it is difficult to create a type of notification that is received and 

taken into consideration while the cognitive load changes. Users reported that the same 

signals were enough when they were in control of the situation but, when they were doing 

something difficult, they tended to ignore them (Spelmezan, 2012; Nylander et al., 2013). 

6.2 Theoretical solutions 
All these problems require a change of direction in the design. For this reason, the 

analysis continues as a search towards a theoretical framework that provides the capacity to 

solve the issues (Kari Kuutti, 1996). Affective computing and activity theory have the 

potential to be used as models of human-computer interaction and aim to change the 

previous paradigm. The principles of these theories permit the creation of devices with an 
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interaction design that is able to adapt when the situation change in addition of enabling the 

user to continue the interaction while moving. In order to achieve this, the theories suggest 

that the system should have the ability to observe the user and be proactive. Instead of be 

passive and wait for explicit input, the system monitors the environment and the user, 

recognizing the emotions and the actions of the user in addition with what it is happening 

around it. This recognition is used to assign what is the level of attention required for each 

specific situation and, depending of it, response accordingly. Based on these theories, I use a 

framework (Pallota, 2009) to guide me in the design process and the evaluation of the user 

interface. This framework is formed by four parameters: the activation cost, the degree of 

indirection, the degree of integration and the degree of compatibility. These parameters 

describe what are the main areas of concern when designing unobtrusive interactions but 

they do not say how to solve them. This is the reason to apply the theory to a design-oriented 

research. 

6.3 The findings of the research applied to mountain biking 
and skiing 

The design-oriented research has consisted on sketching the user experience of a specific 

case (Buxton, 2007) so I can collect the existing ideas and using them as starting point. The 

design process uses the points of the framework to establish a good foundation for an 

unobtrusive user interface. The guidelines of the framework must be used from the 

beginning, since it makes essential changes about how the final interaction system will be. I 

do not find possible to start designing a device that relies in active manipulation or explicit 

input and then changing the idea towards a system that just observes and it is pro-active. As 

Pallota (2009), I believe that this is the single most important aspect to consider when 

designing a proper unobtrusive user interface. As described in the literature study, other 

approaches (e.g. Google Glass’s “frequent but short moments of usage”) present 

improvements but do not solve critical problems. 

The development of the user interface for this case was very particular due to the 

characteristics of the device and the sports. It was a pair of eyeglasses that had a screen in the 

glasses and served to maintain the user informed about its performance and other relevant 

data. The context of this device meant that common techniques like vibration (Spelmezan, 

2012) were not suitable, and others that could potentially fit (e.g. sound) had shown 

problems (Nylander, Tholander & Kent, 2013). The decision was to make use only of a visual 

interface to display the information and provide feedback. The sports had some aspects that 

were important to consider for the design of the interface, like the position of the head while 

riding a bike, the areas of the glasses that are used commonly to see through with the eyes, 

and the areas that are difficult to reach for the eyes (e.g. over the nose). The result is that the 

interface should get denser in specific areas and avoid others. 

Apart from using the framework as a guide and evaluation for the design process, the 

feedback from the experts using the video simulations improved the interface so it was easier 

to understand and less obtrusive. One of the most relevant points were about how the user is 

able to understand the meaning of the information and gain familiarity by initially 

connecting bits of information without apparent relation (e.g. the icons used for the radar). 
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Another point of discussion was to improve the graphics that track objects in the world and, 

therefore, may appear anywhere in the screen. These types of graphics are special because 

they may become really distracting or obstruct relevant object of the world. The results were 

not conclusive, but relevant parameters were the opacity, shape, size and behavior of the 

graphics. 

7. Conclusions and future research 
This research has been an exploration of an important issue that is present in most of the 

devices that we use today and it provides some insight about how to solve it. The research 

question was concerned with what aspects were needed to consider when designing an 

unobtrusive interaction for the filed of extreme sports. I believe that the identified aspects 

are of value for further development of concepts that aim to provide the activities of extreme 

sports with additional information of both the environment and the activity, as well as vital 

data of the practitioner. 

I acknowledge the limitations of video simulations as a tool to base the research. Relying 

on simulations is harder than observing what is happening in reality to find reliable results. 

The selection of this method was discussed at the beginning of the process when other 

methods were considered. The initial intention was to be able to create some kind of 

implementation that could be tested with users. The implementation did not have to present 

all the features of the conceptual user interface but it would have been very useful to gather 

reliable data. The lack of resources in terms of technical knowledge and time forced me to 

abandon this idea. Once I had chosen to do video simulations, I had other alternatives that 

had the potential to add more veracity to the evaluations, as they would have made the 

simulations somehow closer to the actual look and feel. For example, I wondered about using 

the device Oculus Rift to create an immersive experience. However, I could not get access to 

the device either. However, I did have access to experts in interaction design and extreme 

sports, and I believed that the availability of these experts were good enough as a method to 

gather reliable data. A criticism that is often leveled with every heuristic evaluation is that the 

results are highly influenced by the knowledge of the expert reviewers (Tversky & Kahneman, 

1974). On the other hand, its simplicity makes for a really beneficial approach at the early 

stages of design (Nielsen, 1992). I can honestly say that I have done my best to represent the 

reality of the situations as truthfully as possible using as a valid source the experience of 

enthusiasts of the sports. However, I am sure that it is possible to find errors that could 

potentially change the results. For this reason, I consider that future research in this area can 

continue with this study by creating a prototype of a similar device and test it with users. 

Another limitation related with the case study is that as it is intended specifically to skiing 

and biking, it may provide results that are not completely valid for every extreme sport. I 

believe that this issue is related with any example that is taken from within a bigger area and 

the same would happen in the case of choosing a different sport for my study (e.g. climbing). 

I hope that designers are able to find enough similar aspects in their respective areas of 

interest to be able to gain insight from the results of this study. 
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Appendix

1. Examples of wearable devices

1.1. Cliiiimb

1.2. META pro

1.3. Climbax

Figure 3. META pro
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This list is a compilation of wearable devices that I came across during the process of writing 
the paper. While they are all employing different aspects in their interaction design, I found 
several similarities. Hopefully this can serve as a good indication of what types of devices are 
out there.

Device that it’s mounted in Glasses and it combines with different sensors and a mobile app. It 
displays a row of led colors.
http://4iiii.com/

Big sunglasses that project a translucent graphical interface in both glasses so the user can see 
it overridden with the reality. It aims to create meaningful AR that enables the user to receive 
information in context. The user interacts with the glasses moving the hands/arms in front of 
them. It is still in development (figure 3).
https://www.spaceglasses.com/

A pair of plastic wristbands that detect the movement made by both hands while the user is 
climbing. The user cannot interact with wristbands while doing the activity besides turning 
them on/off. After the session, the data needs to be sent to a computer using a cable. This data 
aims to help the climber in a similar way of Nike+ Fuelband or others work and can be accessed 
in the website. Power, control, stability, rest time, climbing time, etc.
http://www.climbax.co.uk/



1.5. GlassUp

1.4. Hammerhead

1.6. Recon Jet

Figure 4. Recon Jet
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It’s a piece of plastic with the shape of a T that it’s mounted on the handlebar of the bike. It is 
similar to a navigation GPS for bikes but instead of a screen, it uses LEDs as clues and signals in 
a similar way of those used by racecars and aviation. It works well in all light and weather condi-
tions and it’s possible to customize the signals with a mobile app. This app is used to provide the 
GPS and other data.
http://www.dragoninnovation.com/projects/23-hammerhead#project-description

It’s very similar to Google Glass. It’s a wearable device in the form of glasses that projects text 
and simple graphics in green to the eyeglass of the right side. So far, it works as an extension of 
the mobile and reports incoming different kind of messages directly in the face of the user. It has 
a touch-pad to control it. They plan to create more apps that enable more uses but all of them 
make them a simpler version of Google Glass with worse quality of display, worse controls (no 
voice commands), etc. Their selling point is that it’s cheaper. It shares all the bad connotations 
of wearing a device in the face. It’s still in development.
http://www.glassup.net/

Glasses intended for cyclists and skiers that have a small screen and touch controls. The device 
is able to provide huge amount of information like speed, heart rate, telephone calls, messages, 
etc. It is controllable with touch gestures (figure 4).
http://www.reconinstruments.com/products/jet/



Glasses intended to hace access to the common functionality present on smartphones (e.g. 
calls, internet searches, gps, camera, etc.) when the hand-held devices are not in a situation 
that is not optimal to use. The user controls the device with touch gestures and voice com-
mands. It is one of the most popular wearable devices (figure 5).
http://www.google.com/glass/start/

It’s very similar to Recon Jet in terms of purpose and characteristics. The only difference is 
that to control the device the user needs to wear a wrist-band with buttons that is connected 
wirelessly with the goggles.
http://se.oakley.com/airwave/

1.7. Google Glass

Figure 5. Google Glass
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1.8. Oakley’s Airwave goggles
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2. Comparison between sport glasses and general use
glasses

These are pictures of common glasses used in sports such as skiing or biking, compared with 
the glasses intended for general use to correct the vision.

Figure 6. Top-left: general use eyeglasses. Top-right: biking eyeglasses with two separated glasses.
Bottom-left: Biking glasses with one unified glass. Bottom-right: skiing glasses.
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3. Images of section “related research”

Figure 8. A bigger splash, by David Hocney.

Figure 7. Head-up display used in commercial aircraft Boeing 730-800.
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1. Wearable device for mountain biking and skiing
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Primary area Secondary area Area to avoid

Figure 9. Areas that the user interface should cover or avoid.

Figure 10. Position of the head while riding a bike.



2. Video Simulations
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2.1. Situation 1: high pace, low visibility
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Figure 11. Video simulation. High pace, low visibility.

Examples of video simulations used in the case study. I have taken pictures of each second of 
a section of two videos as a way to be able to show them in this document. The videos were 
around 10-20 seconds long and showed specific situations to study. It is difficult to show a 
video in a document so I hope this provides a good enough preview.

In this video, the footage shows a user descending pretty fast the slope of a mountain. The fog 
affects the visibility so the system has hidden parts of the user interface as the route tracking, 
the visuals that indicate the record and the heart rate, leaving only the radar and the speed. It 
is possible to watch this video in the following link: http://vimeo.com/97220735
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Figure 12. Frames of video simulation. High pace, low visibility.
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2.2. Situation 2: low pace, clear visibility
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Figure 12. Video simulation. Low pace, clear visibility.

In this video, the user is riding a bike through a snowy path. The speed is quite slow and the 
visibility is clear, so the system considers that it is safe to show all the parts of the interface. It 
is possible to watch this video in the following link: http://vimeo.com/97220272

Figure 13. Video simulation. Low pace, clear visibility.
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Figure 14. Frames of video simulation. Low pace, clear visibility.

2 +3

32


