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Abstract 

To investigate the topic of intuitive interaction using a 3D-device, a toy car was used as a 

controller with the Stylaero Board to complete one lap in a car racing game. 20 participants 

completed the task in 2 conditions, one using the 3D-device as a controller, and one using a 

standard computer keyboard. The interaction was evaluated using task completion time as a 

measure of learnability of the device, as well as through subjective reactions from users gathered 

from a tailored questionnaire with 7 statements rated on a Likert scale of 1-5, and 3 open-ended 

questions. The performance and attitude towards the 3D-device as a controller was compared to 

the performance and attitude towards using a standard keyboard. The mean task completion time 

was significantly lower when using the keyboard. A subscale of the enjoyability of using the 

device was compared between conditions indicating a significant difference where the 3D-device 

was rated higher than the keyboard. Furthermore, a significant correlation was found between 

attitude towards the control device and task completion time in the keyboard, while no 

significant correlation was found between the corresponding variables for the 3D-device. These 

results indicate a difference between what aspects are important to users when evaluating a new 

interface compared to a familiar one. The subjective reactions gathered from the open-ended 

questions were categorized and sorted into themes using thematic analysis to illustrate the 

various aspects that were highlighted by users for each interface. The problems faced by 

participants when using the 3D-device were observed and analyzed in relation to current theories 

of intuitive interaction to find the driving factors of interaction with a new device. 
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1 Introduction 

With the technological advancements made since the first personal computer, innovative ways of 

interacting with technology have been studied and developed. Interacting with computers using 

touch and multitouch screens as well as speech and gesture recognition have all been crucial 

steps in making technology more accessible to people. Yet, the standard way of interacting with 

computer applications is still limited to the physical interface of the keyboard and mouse or 

touchpad. This means that a distinguishable barrier remains between the computer and the 

human interacting with it. Regardless of the innovations being made on a software level, the way 

we interact with the applications being developed will always be dictated by the ways to which 

we are limited to interact with our computers. Therefore, hardware development becomes an 

equally important part in changing the way we interact with technology. 

In this technological development, the importance of Human-Computer Interaction (HCI) 

becomes substantial as the use of advanced technologies is growing across industries. The 

traditional user interface of a computer, with a mouse and keyboard, has been around for many 

years. However, due to recent innovative technologies in the computer sciences, the use of 3D 

representation in Augmented and Virtual Reality has increased. Different computer applications 

using advanced 3D graphics allow users to interact with and manipulate virtual representations 

of 3D objects, but these interactions are still largely limited to the mouse and keyboard interface. 

The actions afforded by these interfaces are the 2D movements of the mouse and the pressing of 

keys, which proves problematic for users as the 2D interaction does not reflect the manipulation 

of objects in the physical world. These difficulties have led to studies on how to make the 

manipulation of 3D objects more intuitive and usable (Hinckley, Tullio, Pausch, Proffitt, & 

Kassell, 1997; Smith, Salzman, & Stuerzlinger, 2001).  

The term intuitive is commonly used to describe interfaces that allow for an ease of use and that 

put little demand on the user’s conscious application of pre-existing knowledge (Hurtienne & 

Israel, 2007). It is reasonable then, to argue that intuitive interaction is not a fixed property of 

any system, but rather something that occurs when the user’s previous knowledge matches the 

demands of the system. With the fast-paced development of technology and substantial amounts 

of data available, the demand for systems that support intuitive interaction increases. Yet what 

makes an interface intuitive remains somewhat a mystery. As we undergo a shift towards 

Augmented and Virtual Reality, the tools we use to interact with technology need to be re-

evaluated. Finding new tools to interact with these technologies may prove to be crucial steps in 

making technology more accessible in a world where everything is virtually connected. 
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1.1 Stylaero Board 

With the vision of making HCI more accessible to a wider population of people, the Stylaero 

Board was developed. It is a device that tracks the position in space of a small magnet, as well as 

its tilt and yaw. This allows the user to manipulate the movements of a virtual object by 

performing these movements on a physical artifact. It is a wireless and direct mapping between 

the physical and virtual objects that allows the user to act on a 3D representation through a 3D 

input device. The various applications of this recent technology are still under investigation, but 

the possibilities are many. As a part of discovering the potential benefits and challenges of this 

type of 3D interaction, the possibilities for intuitive interaction with it will need to be evaluated. 

1.2 The Present Thesis 

The rapid advancement within HCI and the increasing demands on intuitive interaction renders 

the question of what intuitive interaction is, an important one. A perhaps even more crucial 

question is how to evaluate new interfaces and compare them to traditional ones. The failure to 

account for these issues in the development of new interfaces may lead to misconceptions of an 

interface’s applicability in different scenarios.  

The focus of this thesis is to test the use of a 3D-device (developed by Stylaero) as a controller in 

a computer game and compare it to the use of a traditional interface on various aspects of 

interaction. Intuitive use can occur in different scenarios with different users. This means that 

measuring intuitive interaction as a fixed attribute, independent of context, is impossible. There 

are many possible approaches to evaluating intuitive interaction with a 3D-device, and this thesis 

presents some of them. Task completion time is used as a measure of task success and a 

questionnaire is used to gather subjective reactions on using the different devices in the scenario 

studied. Furthermore, observations of different techniques adopted and problems encountered 

when playing are used to gain insights on these aspects. The overarching aim is to present and 

discuss a possible approach to evaluating intuitive interaction with a new interface in a computer 

game scenario. Comparing the intuitive use of it to the use of a familiar interface (in this case, a 

computer keyboard) will be a crucial part in doing so. The aim of this thesis is to gain insights on 

how well users can learn to use a 3D-device, more specifically a toy car used as a controller with 

the Stylaero Board, as well as how they intuitively make sense of the interaction with it.  
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1.2.1 Research questions 

This thesis aims to answer the following questions: 

1. Is there any significant difference between the 3D-device and a standard computer 

keyboard in the amount of time it takes users to complete a racing game? 

2. How do users experience using the 3D-device compared to using a keyboard when 

playing a racing game? 

3. What playing styles do users adopt when completing a game task using the different 

control devices? 

4. What is intuitive to users when faced with a new device? 
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2 Background 

In order to answer the research questions presented in the previous chapter, this chapter will 

serve as a review of the theories underlying the assumptions made in the present thesis. In 

Section 2.1, the theory of embodied interaction will briefly be presented as a ground for the 

arguments being made about affordances of different interfaces. Understanding these concepts 

will help to answer question 3 and 4. In Section 2.2, current definitions and previous studies of 

intuitive interaction will be discussed as the notion of familiarity and the continuum of 

knowledge are reviewed. This relates to the aim of the thesis as a definition of intuitive 

interaction needs to be adopted before questions regarding intuitive interaction can be answered. 

Finally, the problem of evaluating intuitive interaction and user satisfaction is reviewed in 

Section 2.3 where the benefits of using a game task for measuring learnability are discussed as 

well as the need for collecting subjective reactions from users, relating to question 1 and 2. 

Before moving on to the methods chapter, the challenges of comparing old and new interfaces 

are also discussed, relating to all four of the research questions for this thesis. 

2.1 Embodied Interaction 

Dourish (2004) recognizes that a sense of familiarity can smooth interaction with an interface. 

He notes that technologies that capitalize on experiences with the physical and social world, 

make interacting with them seem more like everyday actions that we are more familiar with and 

more skilled at. However, Dourish (2004) takes the position that the idea of familiarity is a 

shallow one when discussing Human-Computer Interaction. He suggests that what underlies this 

kind of familiarity is embodiment. The term is used to describe “the common way in which we 

encounter physical and social reality in the everyday world”. Dourish (2004) points out that user 

interfaces often have a sense of “real-world-ness” using metaphors like windows and desktops, 

buttons and virtual worlds, but insists that embodiment is more than the use of these models and 

metaphors. He distinguishes between the use of the real world as a metaphor for interaction and 

as a medium for interaction. Using the real world as a medium for interaction is what he calls 

inhabited interaction, referring to how we inhabit our bodies that in turn inhabit the world. When 

the real world is used as a metaphor for interaction he calls it disconnected observation and 

control. This takes place as we enact a decided course of action through the narrow interface of 

the keyboard, and carefully monitor the result. 

2.1.1 Readiness-to-hand 

Winograd and Flores (1986) bring up the phenomenological perspective of readiness-to-hand as 

relevant to the design of technology. The term readiness-to-hand was introduced by Heidegger 

(1978) to refer to the quality that equipment possesses. He argued that theoretically we can look 

at any tool as the physical entity that it is without understanding the readiness-to-hand “in which 
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it manifests itself in its own right”. The use of a piece of equipment or tool is what uncovers this 

quality that is its manipulability. He uses the hammer as an example: it is not the physical 

characteristics of it that makes it a hammer, but rather the fact that it is recognized as something 

that can be used to hammer. The hammering of a hammer is made possible by the manipulability 

of the hammer itself. And its manipulability is understood through our experience of engaging 

with the hammer. Winograd and Flores (1986) link this manipulability to the way in which 

transparency in the operation of a system lets the user feel as if they themselves are performing 

the actions of the system, rather than operating controls to make the system perform the action. 

To illustrate this, they refer to how the steering wheel of a car normally allows transparent 

interaction as the driver unlikely must think about how far to turn the wheel to go around a 

curve. They argue that phenomenologically, the driver is driving down the road, not operating 

controls.  

2.1.2 Affordances and mapping 

The manipulability of the hammer can be understood in terms of its affordances, a term coined 

by Gibson (1979) and discussed by Norman (2002). Gibson (1979) explains that affordances are 

what the environment offers the animal and implies the complementarity of the animal and the 

environment. He describes it in terms of how a surface of support, such as the ground or a floor, 

is “stand-on-able”, “walk-on-able” and “run-over-able”. These are not fixed qualities, but are 

dependent on the – in Gibson’s terms – “animal”. He stresses that the affordances are relative to 

the posture and behavior of the animal being considered. To an adult person then, the hammer 

affords hammering with in the same way as a chair affords sitting on. But the hammer also 

affords throwing and the chair can afford hanging your coat on, or even putting things on and 

using it as a nightstand (if its materials and design allows it). The affordances of any object are 

thus not just its intended use, but rather all the consciously or unconsciously perceived possible 

actions that can be performed on it. Considering the different actions that a product affords is 

hence important in the design and evaluation of its intuitive use. Anyone who has ever played a 

video game, with a standard handheld video game controller, might recognize the attempt to 

manipulate a 3D scene by tilting the controller in the direction one desires to “go” or “look” in 

the virtual world presented on the screen. A novice player, might find themselves attempting this 

kind of manipulation over and over, even though they know that this is not the correct way to use 

the controller. The handheld controller affords these actions while the interface, through which 

the virtual scene is manipulated, does not recognize them. Thus, when the user instinctively tilts 

the video game controller to the left to catch a glimpse of something in the virtual scene, there 

appears to be a mismatch between what the user perceives to be possible manipulations of the 

scene and the actual controls of the controller. This can be regarded as what Gibson (1979) calls 

misinformation. He notes that if information about affordances is picked up, perception results. 

Perception in this sense, refers to that the user’s perception of what are appropriate actions 

reflects reality. If, however, misinformation is picked up, misperception results, leading to 

inappropriate actions. 



7 
 

Norman (2002) argues that when the number of affordances exceeds the number of controls, 

difficulties are likely to arise in the interaction. He boils it down to the principle of mapping, 

referring to the relationship between two things. In the video game, for example, the mapping 

between the controls and the results of their manipulation in the virtual scene is of importance. 

Like Winograd and Flores (1986), Norman (2002) uses the steering wheel of a car as an example 

of natural mapping that leads to immediate understanding. By natural mapping he refers to 

taking advantage of physical analogies and cultural standards.  

Embodied interaction, as Dourish (2004) argues, is about the relationship between action and 

meaning, as well as the concept of practice that unites the two. The mutual relationship between 

action and meaning implies, Dourish points out, a similar relationship between the physical and 

the symbolic. He explains how the use of tangible computing - using physical interaction with 

real world objects as a way of manipulating abstract data - draws on the relationship between the 

physical and symbolic. A physical artifact can take on a symbolic value as it is incorporated into 

a practice. What makes interaction with technologies like tangible computing natural is the way 

in which they allow for physical realization of a symbolic reality.  

2.2 Intuitive Interaction 

Mappings between the physical and the symbolic that allow the interaction to feel natural to 

users is sometimes termed intuitive interaction. However, as mentioned in the introductory 

chapter, grasping what makes an interface intuitive to use may, in fact, be unintuitive. Previous 

studies of intuitive interaction have tested the use of conceptual metaphors in embodied 

interaction (Antle et al., 2009), methods for evaluating intuitive interaction (Blackler, Popovic, & 

Mahar, 2004), and image schemas and their metaphorical extensions in Tangible interaction 

(Hurtienne & Israel, 2007). 

Antle et al. (2009) evaluated intuitive interaction in an interactive environment and used 

mapping between conceptual metaphors and the users’ embodied movements in the interface to 

test if the implementation led to a more successful use of the system. The assumption that 

conceptual metaphors can lead to intuitive use in embodied interaction was tested in one 

interface and two conditions; one in which conceptual metaphors were implemented and the 

other in which they were not. Although they found that the implementation of conceptual 

metaphors can lead to intuitive interaction in an embodied interface, their experiment cannot 

answer the question of whether an embodied interface can lead to more intuitive use than a 

traditional interface. 

2.2.1 Familiarity 

Blackler et al. (2004) discuss the challenges of different evaluation methods of a product’s 

intuitive use. They conducted an experiment to test the intuitive use of a remote control. They 

link the intuitive use of the product to the users’ experience with similar products and intuitivity 
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is thus equated with familiarity. One might argue that it is difficult to connect this kind of results 

to the notion of intuitive interaction that other researchers in the field are talking about. That 

familiarity leads to effective interaction is not surprising, but the direction their argument takes is 

problematic for a few reasons.  

First, their measure of familiarity is with the individual features of the product, the buttons of the 

remote control. When the familiarity with these features are linked to the experience from using 

similar products, the independent variable is the previous training the user has had with these 

features. This domain specific knowledge about how to use a remote control says little about the 

intuitive interaction with the product for a user who lacks experience from using remote controls. 

I suspect your first encounter with a remote control was not a characteristic moment of intuitive 

interaction. Someone probably had to explain what the different features did, and it might even 

have taken a few trial and errors for you to over time remember these functions and give 

meaning to the different features operating them.  

Secondly, while settling for the fact that intuitive interaction must come from familiarity with 

similar products, we erase the ambition of creating innovative solutions that take on new forms 

than what we are used to seeing. This attitude would do little help in making technology more 

accessible to people and in finding new ways to deal with the challenges we are faced with in 

everyday life. 

2.2.2 The continuum of knowledge 

Hurtienne and Israel (2007) define intuitive use as follows: “A technical system is intuitively 

usable if the users’ unconscious application of pre-existing knowledge leads to effective 

interaction”. If the familiarity of the features of a remote control leads to effective interaction by 

allowing the user to unconsciously apply pre-existing knowledge about these features, then one 

might argue that intuitive interaction occurs. However, at some point, this application was not 

unconscious, nor was the knowledge pre-existing at the first encounter with a remote control. In 

this case, there is undeniably a threshold of knowledge that one needs to overcome to use the 

system effectively by unconsciously applying pre-existing knowledge. This threshold requires 

knowledge to be encoded in the same domain as it is to be applied. Hurtienne and Israel (2007) 

explain that pre-existing knowledge may stem from different sources that can be classified along 

a continuum of knowledge. On the lowest level of the continuum, according to Hurtienne and 

Israel (2007), lies innate knowledge. This is knowledge such as reflexes and instinctive behavior 

that is acquired through the development of genes and during the prenatal stage. The next level 

they describe is sensorimotor knowledge, developed in early childhood and then used 

continuously through interaction with the world. Affordances and image schemata are based on 

knowledge on this level. Next on their continuum lies the cultural level that covers knowledge 

developed through the specific culture an individual lives in. The highest level on the continuum 

is the expertise level of knowledge, often acquired through one’s profession.  
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From the sensorimotor to the expertise level of knowledge, Hurtienne and Israel (2007) 

distinguish knowledge about tools. They mention the use of a stick to extend one’s reach, or the 

use of stones as weight, as examples of tools based on knowledge acquired through interaction 

with the physical world. That is, tools that require pre-existing knowledge encoded on the 

sensorimotor level. Use of tools like telephones and ballpoint pens require knowledge on the 

cultural level while software programs used in specific professions, like CAD or Adobe 

Photoshop, demand expert level knowledge to allow intuitive use as defined by Hurtienne and 

Israel (2007). According to them, the frequency of encoding and retrieval of knowledge is higher 

on the lower levels of the continuum while knowledge on the higher levels are less frequently 

acquired and used as the degree of specialization of knowledge increases on these levels. 

Consequently, the number of potential users experiencing intuitive interaction with a system 

decreases the higher the level of pre-existing knowledge the system demands. Therefore, to 

create a system that lowers the threshold of knowledge for intuitive interaction, designers should 

strive to base the interaction on knowledge encoded on the lower level of the continuum. 

2.3 Evaluating Intuitive Interaction and User Satisfaction 

In this section, some challenges of evaluating intuitive interaction are discussed. The measure of 

task completion time in game tasks is proposed as a measure of learnability of a new control 

device. The advantages of using laboratory testing and controlled experiments in usability 

studies are mentioned and the suitability of using a controlled experiment for the present study is 

argued for. The use of a tailored questionnaire for collecting subjective reactions from users is 

endorsed by discussing the trade-offs of using standardized questionnaires considering the focus 

of this thesis. Furthermore, the challenges of comparing old and new interfaces are discussed 

with respect to the theories presented in previous sections. The objective here, is to account for 

the reasoning behind the chosen methods in this thesis. 

2.3.1 Learning and games 

As intuitive interaction occurs when pre-existing knowledge can be applied to a new domain, it 

should follow that a user interface which allows intuitive interaction makes learning to use it 

successfully a relatively small issue. Therefore, learnability should make for a suitable measure 

of intuitive interaction. In testing the learnability of an interface, one aspect that becomes 

relevant is the engagement of the user. As Blumenfeld et al. (2006) point out, motivation sets the 

stage for cognitive engagement and thereby leads to achievement in learning. When evaluating 

the learnability of an interface, a task that engages the user and motivates them to learn should 

ensure that the aspect of learnability is testable. Another criterion is naturally that task success is 

clearly defined and easily measurable. In evaluating the use of a 3D-device with Stylaero Board, 

which can be used in a variety of scenarios and different application areas, usability testing can 
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take many different forms and focus on various aspects. This thesis focuses on assessing the 

learnability of using a physical object as a control device to manipulate a virtual object on a 

computer screen. To do this, a scenario where the user’s ability to gain control over a virtual 

object through manipulation of a physical object needs to be constructed. This ability is easily 

measured in a game where the goal of the task is easily comprehensible to the user, and where 

control, or effective interaction, leads to task success. Furthermore, a game task can engage users 

through the key of hard fun as Lazzaro (2004) calls it. It captures the player’s desire to see how 

good they are, or to beat the game. Considering the aspects of measurability and learning through 

engagement, a game task will provide a scenario where the learnability of using a physical object 

to control a virtual one is assessible. Both in that the player is motivated to learn the skill of 

manipulating the control device, and in that task success is easily quantified. 

2.3.2 Laboratory testing and controlled experiments in usability studies 

A major concern in usability studies is making sure that the system is evaluated in real scenarios 

and environments that capture the natural use of it. To ensure this validity, field studies are often 

used. This type of studies can often provide insightful information about a system or product’s 

usage in these environments, but do not enable focused attention to specific usage concerns 

(Rosson & Carroll, 2002). Rosson and Carroll (2002) underline the difficulties of conducting 

field studies as it often requires more resources than laboratory studies do. One of the benefits 

they mention of conducting usability tests in a laboratory environment is that it allows a system 

to be evaluated during the development stage, whereas field studies require that development is 

complete and the system has a user group. As the aim of this thesis is to evaluate the use of a 

product that does not yet have a specific user group established, it becomes relevant to test it in a 

laboratory environment. A laboratory environment also enables controlled experiments to test the 

users’ performance on specific tasks. Using a controlled experiment is a way to investigate 

specific questions such as task completion time in different conditions.  

2.3.3 Subjective reactions 

As usability concerns the quality of a system regarding learnability, ease of use, and user 

satisfaction, subjective reactions are often part of usability tests (Rosson & Carroll, 2002). Even 

though performance measures such as task completion time capture the actual performance in a 

fixed condition, the users’ subjective reactions do not always correspond to this data. Collecting 

both performance data and subjective reactions is one way of ensuring that the conclusions being 

drawn from the tests are informed with respect to both aspects. 

Measuring the subjective reactions of users in terms of usability is often approached by using 

standardized questionnaires. There are many such questionnaires available that have been 

developed to be applicable to a variety of systems, allowing the usability of different systems to 
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be compared. However, the generic character of these measures may make it difficult to capture 

aspects very specific to a single system.  

Using a standardized questionnaire is a cost-effective approach to evaluating a systems usability 

and collecting a score that is somewhat comparable across systems and versions (Suaro & Lewis, 

2016). If the questions of a standardized questionnaire do not, however, capture specific aspects 

that developers of a product or system are looking to gain insights on, a tailored questionnaire 

may be a better fit. The trade-off between generalizability and the aspects one seeks to capture 

becomes a question of the aim and purpose of the study. As this thesis focuses of comparing two 

interfaces in a very specific scenario, comparisons to other systems and scenarios becomes 

secondary to the specific questions of interest. The aim is then not to construct a questionnaire 

that captures all aspects of usability that may be more closely connected to the graphical user 

interface in the game, but to capture subjective reactions form users on using the two physical 

interfaces as control devices in playing a game. The reactions of interest in this case are those 

regarding ease of use of the device, as well as engagement and desire to use the device again. 

Apart from the interest in creating exciting and captivating Human-Computer interaction, one 

basis for taking an interest in the level of engagement that the device evokes in users is the aspect 

of learning through engagement mentioned in section 2.4.1. If engagement leads to achievement 

in learning, then an interface that successfully engages users will likely result in users effectively 

learning to use it over time. Engagement can spring up from the interface’s ability to capture 

interest as well as the perception of it being approachable or easily understood. The engagement 

may evoke attitudes towards the interface that foster the learning process and in turn lead to the 

experience of intuitive interaction. This line of reasoning further illustrates how complex and 

very subjective the notion of intuitive interaction is, making the subjective reactions of users an 

important aspect in any study of intuitive interaction. 

2.3.4 Thematic analysis 

When interested the subjective reactions from users, a questionnaire that aims to find answers to 

specific questions about the interface may be suitable. If one is also interested in what users 

themselves find most important or compelling about the interface, open-ended questions can be 

used as a complement to the more specific questions. Analyzing comments from these questions 

requires an additional method of analysis. A suitable method is thematic analysis, which allows 

the researcher to find and present patterns in data (Braun & Clarke, 2006). Finding these patterns 

is done by identifying and coding themes. Using thematic analysis to summarize subjective 

reactions from users allows themes relevant to the present research questions to be made 

distinguishable. In doing so, new aspects of the interaction not covered by other measures may 

be identified. 
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2.3.5 Comparing old and new interfaces 

A problem that occurs in comparisons between traditional interfaces and newly developed 

techniques is one of familiarity. As already discussed, familiarity leads to effective interaction as 

effective interaction draws upon previous knowledge. Following Hurtienne and Israel’s (2007) 

line of reasoning, I adopt the position that intuitive interaction occurs when the knowledge used 

comes from experiences gathered in a different source domain than the domain where it is being 

applied. In other words, intuitive use of a product or system should occur with the first encounter 

of it, only allowing the user to act upon it by making use of knowledge acquired through 

experience in a different domain. Familiarity then, is something else, instead drawing on 

experience with the same kind of interaction that is being tested. However, adopting this position 

becomes problematic when one is curious about comparing innovative technologies with 

traditional and well-established ones.  

From the outset, the keyboard interface will be more familiar to most subjects than the new one. 

An attractive approach to this problem might be to find a group of subjects not particularly 

familiar with using the traditional interface that is to be compared to the new one. However, in 

doing so, the results will only apply to the small population not familiar with the traditional 

interface. Discovering that the new interface does lead to more effective interaction, in a 

minority group not familiar with the traditional interface, will answer to questions regarding 

accessibility of the interfaces. If this is the aim of the study, finding users unfamiliar with the 

traditional interface would be an appropriate approach to answering those questions. A problem 

that may arise then is defining a task where performance can easily be measured that is still 

comprehensible to the users. Testing with small children, for example, who are not yet familiar 

with the standard keyboard and mouse, might create new problems regarding analysis of 

usability and performance measures.  

One could wonder what the point of measuring task completion time is when users are already 

familiar with one of the interfaces being tested. One might argue that this would automatically 

lead to the unfamiliar one being doomed to fail. If task completion time is the only measure of 

interest, that might be the case. But there are other factors than task completion time that play a 

role in the usability of a new interface. Intuitive interaction, which given the previous discussion 

aims at effective interaction at first encounter, is an aspect that can be measured through task 

completion time. However, it is not a measure that can give new insights on what makes the 

interface usable or not. For a product like Stylaero Board, its potential to enable intuitive 

interaction is of foremost importance. But it is not the only aim of its developers. The experience 

of seamless interaction that engages users is another important aspect. To capture insights on the 

interface’s ability to engage users, subjective reactions and attitudes need to be collected as well. 

Collecting subjective reactions from users after using each interface in the same scenario, will 

provide material that allow comparisons between the two interfaces to be made on several 

aspects. From this, conclusions about the different possibilities the two interfaces provide for 

users can be drawn. Using a measure of task completion time is then not necessarily about 
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accepting one interface as successful and to reject the other as a failed attempt to intuitive 

interaction. This is especially unfair when one of the interfaces is familiar to the users. However, 

having a task to be completed ensures that the users participating in the study all have the same 

goal when interacting with the interface. To complete the goal, the participants need to gain 

control over the device being used, rather than just playing around with whatever feature they 

choose. Informing the user that the task completion time will be measured and encouraging them 

to complete the task as quickly as possible further ensures that they do their best to learn how to 

use the device as quickly as possible. 

  



14 
 

  



15 
 

3 Methods 

In this chapter, the methods used to gather and analyze data for the present thesis are presented. 

To capture the most relevant aspects of the interaction for the research questions of interest a few 

different methods were used. These included a measure of task completion time, a questionnaire, 

and user observations.   

3.1 Participants 

20 (Male=10, Female=10) unpaid participants were recruited at Linköping University. The age 

of participants ranged from 20 to 27 years (M = 22.3, SD = 1.8). To be included in the analysis 

the inclusion criterion that the participants had to fulfill was having previous experience with 

playing a racing game of any kind on a computer, console or similar. This was to ensure that the 

use of the different control devices was being tested rather than task comprehension. 

3.2 Apparatus 

The computer used was an Asus ROG GR8 running Windows 10 x64 with an Asus PG278Q 

screen and a logitech ultra-flat keyboard Y-BP62a. For 3D-interaction, the Stylaero Board 1.0 

was used. The game used was the 2004 version of FlatOut, developed by Bugbear Entertainment 

and published by Empire Interactive. 

3.3 Task 

The task that was used to measure task completion time was to complete one lap in a car racing 

game. The game used was FlatOut, a game where the player controls a car in different tracks, 

challenges and levels of difficulty. The task to be completed was in one of the lower levels where 

the player controlled the only car on the course. This was to ensure that the task was not too 

difficult and to eliminate distractions caused by races with multiple cars. The test was set up so 

that each participant was given the time to complete the lap. If they crashed during this task, they 

could use the R key on the computer keyboard to restart on the track from the point where they 

had crashed. The participants were instructed to use the R key if they found themselves unable to 

continue driving due to getting stuck with the car in a ditch or after a total crash. Therefore, 

participants never failed to complete the task and the only dependent variable was task 

completion time, measured in seconds. 

3.4 Questionnaire 

The questionnaire used to capture the subjective reactions from users was tailored to fit the 

scenario studied for the present thesis. The questionnaire consisted of 4 sections to be completed 
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by the participant during different phases of the session. The first section was filled in by the 

participant at the very beginning of the session, before they were introduced to the game task. 

Section 1 consisted of questions on personal information such as age and gender, as well as 

previous experience of playing racing games. Section 2 and 3 both consisted of the same 7 

statements about the experience of playing the game and completing the specific task used in the 

scenario. The participants were asked to score the statements on a Likert scale of 1-5, where 1 

represents a “strongly disagree” attitude and 5 represents a “strongly agree” attitude. The 

statements were formulated in a way that made it clear that the specific control device was 

evaluated rather than the game in general. Section 2 and 3 also included two open-ended 

questions about what the participant found to be difficult and easy using the specific control 

device. Section 2 and 3 were completed separately, directly after each condition. The last section 

consisted of a single question that the participant was asked to complete at the end of the session. 

This was an open-ended question where the participant was encouraged to in their own words 
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describe their experience of using the two devices in the game scenario. The Likert scale items 

and the questions used in section 2, 3 and 4 are presented in Figure 1.  

3.5 Procedure 

A within-subjects design was used. The task was to be completed in two conditions: one using 

the computer keyboard, and the other using the Stylaero Board with a toy car as control device. 

The Stylaero Board was mounted underneath the table to clear the space where the toy car was 

placed. This also made the mechanisms behind the 3D-device less obvious to participants, 

allowing them to freely explore the use of it, creating their own mental model of the device. Each 

participant played the game in both conditions. To control for learning effects, the order of 

conditions was balanced so that half of the participants played in condition A (keyboard) first 

and half started with condition B (3D-device). Before the test round, where task completion time 

was measured, the participant was given 3 minutes to play around with the game to get familiar 

Likert scale items (used in section 2 and 3) 

On a scale of 1 to 5, where 1 = strongly disagree and 5 = strongly agree, circle the number 

that best describes your experience with playing the game using the keyboard as control 

device.  

It was easy to control the car   

I quickly learned to control the car  

I completed the task (reached goal) quickly  

The movements of the car matched my expectations  

I felt comfortable using this control device  

If was fun to play using this control device  

I would like to play more using this control device  

Open-ended questions (used in section 2 and 3) 

What was easy using this control device?  

What was difficult using this control device? 

Open-ended question (used in section 4) 

How would you describe your experience playing with the different control devices? (e.g What 

was more fun? What were the differences?) 

Figure 1: Questions used in the questionnaire 
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with the control device and the game. This was done in both conditions in the same track as the 

test round. In condition A, instructions were given on what keys to use as controls. The arrow 

keys were used and the participants were informed about the corresponding direction each key 

controlled. In the same manner, the 3D-device was briefly introduced, informing the participants 

of the mapping between the toy car and the car in the game. The mapping was such that the 

position of the toy car was mapped to the corresponding directions forward and backward. When 

the car was positioned in the front of the playing space, away from the player, the car in the 

game drove forward, and when the controller was positioned in the back, near the player, the car 

in the game drove backward. To accelerate, the toy car was moved forward and to slow down the 

toy car had to be moved back toward the player. The direction in which the front of the car was 

pointing controlled the turning of the steering wheel. A twist to the right resulted in the car 

turning right and a twist left resulted in the car turning left. One difference between the two 

control devices was that the 3D-device had a joystick implementation, meaning that the further 

to the front the controller was positioned, the more gas was given. With the keyboard, the 

pressing of the forward key always gave full gas. The same applied to the steering, where the 

3D-device only turned as much as the controller was turned. The mechanisms underlying the 3D-

device were not explained prior to the test. After completing each condition, the participant was 

asked to complete the questionnaire section regarding the control device just used. 

3.5.1 Observation 

One important issue in evaluating intuitive interaction is that intuitive use is something that 

occurs when the user subconsciously applies pre-existing knowledge to a new situation. This 

means that when faced with a task, what is intuitive to the user is very dependent of the 

individual user and their previous knowledge. As the present thesis focuses on finding how the 

users make sense of the interfaces they are presented with, it makes little sense to in advance 

hypothesize on what kind of assumptions they will make and the problems they will encounter. 

As this is dependent on the user, it is interesting to find to which degree this differs among users. 

Therefore, to account for details of the interaction not otherwise covered in the study, such as 

grip, different techniques used by participants, and other patters potentially relevant to the 

analysis, notes on the behavior displayed by participants in the two conditions were taken by the 

test leader. The test leader was sitting next to the participant during the session to ensure that the 

screen as well as the gestures used by the participant could be observed. A laptop was used for 

taking notes on a spreadsheet during each session. Some notes were single words used to 

describe different techniques, while more descriptive comments were used occasionally to record 

aspects not easily described using single word comments. No video recordings were taken. 

Noting in what situations the participants came across problems in the game shed light on issues 

regarding game-control integration as well as test design and product development.  
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3.6 Analysis 

In the analysis, a paired samples t-test was run to compare the means of the task completion time 

in the two conditions. The same was done with the scores of the Likert scales from the 

questionnaire. The total average in each condition was used as well as a subscale including the 

questions regarding enjoyability of the device. These three measures were also correlated to find 

potential correlations between attitude and performance in each condition. The answers to the 

last question in the questionnaire were analyzed using thematic analysis. The thematic analysis 

was used to describe the subjective reactions from the participants by identifying and coding 

themes. 
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4 Results 

This section includes the results from the quantitative as well as qualitative data analysis. The 

quantitative analysis includes a few t-tests on task completion time as well as the quantitative 

measures from the questionnaire. The qualitative analysis includes the thematic analysis of the 

subjective reactions from users as well as a summary of the observed problems and player styles 

adopted by users. 

4.1 Quantitative Results 

Table 1: Mean and Standard Deviation of three measures in two conditions 

Measure A(Keyboard) B(3D-device) 

Task Completion Time (measured in seconds) 93.05 (SD = 22.36) 110.25 (SD = 22.09) 

General Attitude Scale 3.82 (SD = 0.90) 3.46 (SD = 0.75) 

Fun Attitude Subscale 3.65 (SD = 0.93) 4.28 (SD = 0.68) 

The Task Completion Time, measured in seconds, had a mean of 93.05(22.36) in condition A, 

where the keyboard was used as input device. In condition B, where instead the game was played 

using the Stylaero Board with a toy car, the mean Task Completion Time was 110.25(22.90).  

On the General Attitude Scale, and the Fun Attitude Subscale, a high score corresponds to 

positive attitudes, and a low score corresponds to negative attitudes. The General Attitude Scale 

where all 7 statements, rated on a Likert scale of 1-5, were compiled, had a mean of 3.82(0.90) in 

condition A and 3.46(0.75) in condition B. The Fun Attitude Subscale, comprised of the two 

statements aiming at the enjoyability of using the device, had a mean of 3.65(0.93) in condition 

A and 4.28(0.69) in condition B. 

A paired samples t-test was conducted to examine the difference between task completion time 

in each condition. Results showed that the participants completed the task quicker (higher 

performance) in condition A than in condition B, t(19) = 4.02, p < .001. 

The paired samples t-test indicated no significant difference between condition A and B in the 

General Attitude Scale. However, there was a significant difference in the Fun Attitude Subscale 

between condition A (M = 3.65, SD = 0.93) and condition B (M = 4.28, SD = 0.69),  

t(19) = -2.25, p < .04. 

4.1.1 Correlations 

To see if there was a correlation between performance and attitude towards the two interfaces, 

Pearson correlations between the three measures in both groups were calculated. The aim of 
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using this method of analysis is to see if there is a similar correlation between task performance 

and subjective attitude towards the control device in the two conditions. As a majority of the 

statements in the questionnaire aimed at the ease of use of the device, there should be a negative 

correlation between task completion time and general attitude. 

The Task Completion Time and General Attitude were negatively correlated in condition A, 

Pearson’s r(20) = -.73, p < .001. The corresponding correlation in condition B was not 

significant. 

4.2 Qualitative Results 

The qualitative data consists of subjective reactions from users gathered from one open-ended 

question in section 4 of the questionnaire, as well as notes taken about the techniques and 

behaviors displayed by users while playing the game in both conditions. 

4.2.1 Subjective reactions 

The answers given by participants to the open-ended question in section 4 of the questionnaire 

were coded to identify themes. The phrasing used to answer this question varied among 

participants, making the coding of the comments a necessity before identifying themes. To give 

an example on the kind of analysis being made during the coding process a comment like 

“…easier to drive without crashing into the walls” was coded as easier to control/more control. 

The same code was used for comments referring to easier control or the impression of more 

control. The initial codes were analyzed to find themes that were then divided into two 

categories, Performance and Experience. Table 2 displays the themes chosen within the two 

categories as well as the codes used to analyze the data on each control device. The codes used 

for the keyboard and 3D-device comments are presented in italic in the two right hand side 

columns. The bold italic codes indicate that the same code was used for both control devices, but 

more often on the one where the code is in bold. Codes that are underlined indicate that the code 

was used equally as often on both control devices. 

The most apparent pattern when looking at the codes in Table 2 is the number of codes used to 

describe the data on each control device. When examining the keyboard column, the number of 

codes used in the Performance category is higher than the number of codes used in the 

Experience category while the opposite applies to the 3D-device column. One might also notice 

that some of the codes used in both categories are somewhat similar. For example, Harder to turn 

and Harder to steer in the Performance category, and Something new and Sense of newness in 

the Experience category. One reason for including these codes, rather than using one code to 

capture similar comments, is that there may be a slight difference in meaning between these 

codes. Another reason is that the wording of raw comments underlying each code may differ 

slightly, making the difference in meaning between comments underlying two different codes 

greater. The objective of including codes that are quite similar is therefore to convey 
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transparency in the analysis. The fact that very few codes are found in the Experience category in 

the keyboard column is therefore a result of the participants using the same words to a higher 

degree. Including only one code for familiarity while including several different codes for 

newness or unfamiliarity is therefore an attempt to capture the participants’ diverse ways of 

expressing the experience of newness while they to a much greater extent used the same words to 

express the experience of familiarity. 

Table 2: Themes and categories. Bold indicates that a code was used more often for this device. 
Underlined indicate that the code was used equally as often for both devices. 

Category Theme Keyboard 3D-device 
Performance Steering 

 
 
 
 
 
 
 
Task performance 
 
 
 
 
 
Speed 

 
 

Easier to control/more control 
Easier to steer  
Control of movements  
Quicker maneuvering  
Better precision  
 
 
 
Easier  
Harder 
Easier to achieve goal  
It went better 
Quicker learning  
 
Faster 

Easier to control/more control 
Easier to steer 
Harder to steer    
Harder to control  
Harder to turn 
Longer delay  
Easier to adjust direction 
 
Easier 
Harder 
 
 
 
 
Control of speed 
Easier to adjust speed 

Experience Engagement 
 
 
 
 
Realness 
 
 
 
 
Newness/familiarity 
 
 
 
 
 
 
Attitude 
 
 

More Fun 
Monotonous  
Not as fun experience 
 
 
Static 
 
 
 
 
Familiar 
 
 
 
 
 
 
Better, Comfortable 

More fun 
Fun 
Want to play more 
Sense of immersion 
 
Dynamic 
Alive 
Felt more like driving a car 
Easier to visualize 
 
Unfamiliar 
Different 
Something new 
New thinking 
Sense of newness 
New set of motions 
 
Challenging 
Improves the experience  

4.2.2 Observations 

The observations made during the tests indicate some differences between conditions on a few 

aspects that in some ways are tightly entwined. These involve the techniques used in terms of 

grip of the 3D-device and the clicking of the keyboard, player styles and tactics, and problems 

encountered while completing the task. 
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Technique  

When it comes to grip and movements, a wide variety of techniques were used by players when 

holding the toy car. All participants reported their right hand to be the dominant one. All 

participants used their right hand in both conditions. However, three participants were observed 

switching to using both hands, but still relying mostly on the right one. One participant was 

observed using both hands equally as much while using the 3D-device. The same participant 

only used their right hand while using the keyboard. In using the keyboard, most of the 

participants quickly adopted the same clicking technique, holding one finger on the forward key 

while clicking repeatedly on the left and right keys to adjust steering. In using the 3D-device, 

there seemed to be no single technique that most participants favored. Most of them used only 

one hand, but different grips and steering techniques were observed. One participant chose to 

move the toy car more to the right of the table, as opposed to in the center where it was initially 

placed. This allowed them to position their arm like how it is positioned when using a computer 

mouse. Another participant controlled the steering by moving the arm in large swiping motions, 

as opposed to just twisting it lightly. The result of these motions still allowed the player to 

control the car and complete the task. 

Player styles and tactics  

Another relevant aspect in evaluating the results from these tests is the tactics that a participant 

can adopt in completing the task. While using the keyboard, full gas is given when the forward 

key is pressed down and the gas is released by letting go of the forward key. In using the clicking 

technique mentioned in the previous chapter, this results in one of two types of driving. Either 

the forward key is pressed down for full gas throughout the game leading to a steady but fast 

pace, or the forward key is pressed and released repeatedly resulting in a quite jerky pace. 

Different participants reacted differently to this realization when using the keyboard. Many 

quickly adapted to keeping the forward key pressed down and controlling the steering by quickly 

pressing the left and right keys repeatedly, only adjusting the direction little by little. Using this 

technique often meant prioritizing speed above avoiding smaller obstacles in the track. As 

obstacles in the track were mostly small, high speed often meant that one could get through the 

track quicker as the obstacles were easier to drive through without losing speed or control at 

higher speeds. However, some participants rather opted for avoiding obstacles to a greater 

degree, leading to them rather releasing the gas more often when approaching obstacles in the 

course. When using the 3D-device as controller, the qualitatively different control seemed to lead 

to different behaviors and player styles than observed with the keyboard. The joystick 

implementation in the 3D-device allowed the participants to control the speed by how far to the 

front they moved the device. Participants who had adopted the more aggressive playing style, 

opting for speed, while using the keyboard, now did not give full gas to the same extent. And 

participants who had gone through the track in a jerky manner while using the keyboard, now 

kept a steady pace.  
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The fact that the participants could restart in the track after crashing seemed to have different 

meaning to different participants. The instructions they were given were to use the R key if they 

found themselves unable to continue driving due to getting completely stuck in a ditch or after a 

total crash. Some participants chose to use the R key when they were not completely 

immobilized as an alternative to maneuvering the car out of a tricky corner. This tactic was 

observed in both conditions, but more often in condition B(3D-device).  

Problems 

The most frequent problem that users encountered when using the 3D-device was with finding 

the reverse control. Many participants attempted this by rolling the wheels of the toy car 

backward repeatedly as opposed to positioning it closer to themselves. This instead lead to the 

gas being activated to different degrees as the position of the toy car was still in the “forward”-

area of the playing space. This problem seemed to be the cause of participants choosing to use 

the R key to restart, as they failed to find the reverse mode when stuck in the guardrail of the 

track. A problem that occurred with the keyboard for participants who used the gas more 

sparingly was that their movements across the track became somewhat jerky as they released the 

gas before every curve. For a few participants, this resulted in some difficulties with steering as 

maneuvering the car requires it to be in movement while using the left and right keys. Releasing 

the forward key too often lead to situations where the car came to a stop in the middle of a curve. 

The participants unwilling to press the forward and steering keys simultaneously then had 

troubles maneuvering the car as it would only turn the wheels without moving forward when the 

steering keys were used, and moving straight forward when the forward key was used. 

4.3 Summary  

From these results, a few things can be learned about the use of the Stylaero Board with a toy car 

as controller in a gaming scenario. This is done through the comparison to the keyboard as 

control device in the same scenario. The results can be divided into a few interesting aspects: 

task completion, interaction, and reactions. The task completion aspect points to the effective use 

of the device in terms of task success, where success means the quicker the better. The 

interaction aspect includes the comparisons between the interactions made possible or relevant 

by the two devices. The reactions aspect focuses on the analysis of the subjective reactions 

gathered from the questionnaire.  

First, results show that with the implementation used in the present study, the task completion 

time was significantly lower using the keyboard as a controller. In terms of task performance, the 

keyboard was the more effective device. Second, it was observed that the two devices were used 

in qualitatively different ways. It was also observed that the 3D-device with the Stylaero Board 

was used in a wider variety of ways than the keyboard. The plausible reasons for this, as well as 

the misinterpretations made by participants, will be further discussed in the next chapter. Third, 

the subjective reactions from the participants show that in terms of engagement, the 3D-device 
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offered a playing experience different from the one evoked using the keyboard. The words used 

by participants to describe this experience aimed at the realness and the sense of immersion that 

the 3D interaction with the Stylaero Board gave rise to. The fact that the correlation between the 

attitude towards the device and the task completion time was not significant in the data gathered 

on the 3D-device, indicate yet another difference in the way the two devices were evaluated by 

participants. Although a non-significant correlation does not confirm anything in particular, one 

can hypothesize on how this correlation came to be significant in the data gathered on the use of 

the keyboard, but not on the 3D-device. The significant correlation in the keyboard data does in 

fact indicate that the attitude towards the keyboard correlates with the task success. However, the 

same cannot be said about the 3D-device from the data gathered in the present study. Reflections 

on why this seems to be the case will be further discussed in the next chapter where both the 

observations of the interaction, and the themes identified in the thematic analysis will play a part.  
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5 Discussion 

The results presented in the previous chapter bring about the relevance of a few topics of 

discussion. Before diving into these, let us review the research questions for the present thesis: 

1. Is there any significant difference between the 3D-device and a standard computer 

keyboard in the amount of time it takes users to complete a racing game? 

2. How do users experience using the 3D-device compared to using a keyboard when 

playing a racing game? 

3. What playing styles do users adopt when completing a game task using the different 

control devices? 

4. What is intuitive to users when faced with a new device? 

As the results show and as an answer to question 1, it can be confirmed that, in terms of task 

completion time, the keyboard was a significantly more effective control device. Regarding 

question 2, higher performance correlate with positive attitude towards the device when using the 

keyboard. From this result, we learn something about the expectations put on the device by the 

user. The user that expects that they will be able to perform well in a task using the keyboard, is 

likely to rate the keyboard lower when their actual performance doesn’t match expectations. The 

fact that the user puts high expectations on the keyboard can be regarded as an effect of 

familiarity with the interface. When it comes to the 3D-device with the Stylaero Board, an 

unfamiliar device, the prior expectations were most likely very different from those put on the 

keyboard. In the lack of a significant correlation in the 3D-device data one can only speculate on 

the reasons why. It is plausible that the expectations put on the unfamiliar 3D-device were much 

lower than those put on the keyboard. It is also plausible that the newness of the experience lead 

to a certain excitement that led to other factors of the usability being valued higher. The sense of 

newness evoked from using the 3D-device becomes clear when reviewing the gathered 

comments from the participants. The variety of ways participants described the experience of 

playing with the 3D-device may very well be an effect of exceeded expectations. In the same 

way, the limited ways of describing the keyboard in the experience category points to the fact 

that the keyboard probably did not do anything out of the ordinary. The fact that the 3D-device 

allowed the user to choose how fast to go or how much to turn the wheel, made another playing 

experience possible, making smoothness more attractive than speed. This may also have 

contributed to the different playing styles observed and to the fact that task performance did not 

correlate with attitude in using the 3D-device to the same extent as when using the keyboard. 

Although expectations may play a significant role in the expressiveness of users, the aspects of 

the interaction that these comments highlight are good indications of what kind of interactive 

experiences the two interfaces can provide. Drawing on the notion of affordances and the idea of 

embodied interaction, let us consider the opportunities that arise when a control device takes the 

form of a physical object and its position in space becomes the way in which we interact with a 



28 
 

computer. The affordances of a device like this are different from those of the standard computer 

keyboard. In the scenario used for the present thesis, a toy car was used as control device in a 

game where the player was driving a car in a car track. The affordances of the toy car were what 

the player perceived as possible actions to be performed with or on it. These might have differed 

from player to player, depending on their previous encounters with such objects or on their own 

imagination. But some affordances, we can take for granted. The toy car is graspable, as Gibson 

(1979) notes is a quality possessed by objects that have opposite surfaces separated by a distance 

less than the span of the hand. It is also roll-able as its wheels are spin-able instead of fixed, 

allowing the car to be rolled against a surface. The toy car is also throw-able, hide-able, and 

break-able if enough force is used. These affordances are present outside of the computer game 

where the toy car also functions as a control device. They are not special affordances exclusive 

to this device, but rather affordances that any person who encounters a toy car can be expected to 

perceive. 

In contrast to the keys of a keyboard, which do not afford many more actions than being pressed, 

the many different affordances of the toy car create just as many challenges as opportunities. 

This makes the mapping of the physical manipulations of the toy car to the interactions in the 

game crucial for effective interaction. The many affordances of the toy car permit numerous 

ways of using it as a control device, which lets the user decide and explore for themselves how 

they want to use it. This can make the experience of using the device either more intriguing, or 

incomprehensible if expectations do not match the outcomes. 

One of the opportunities created by the 3D-device was how the realness of using the toy car as a 

controller seemed to engage users. This engagement could also stem from the fact that the toy 

car allowed a wide variety of ways to grip and move the controller. This aspect is relevant when 

considering question 3, playing styles. The user could easily adopt their personal playing style. 

In this sense, the controller virtually gave the user control by letting them choose how to use it. 

The openness to personal interpretation of the device is a result of the affordances exceeding the 

number of controls. The control that made the car in the game give gas was activated as soon as 

the toy car was in front of the neutral position on the Stylaero Board. This condition could be 

fulfilled while any number of other movements were performed on the toy car and the car in the 

game would still be giving gas. This allowed the user to explore numerous ways of moving the 

toy car while still receiving the same results. However, like Norman (2002) pointed out, this 

excess of affordances may lead to problems in the interaction. As observed during the tests, this 

happened frequently in situations where the participants needed to back up or just release the gas. 

While using the keyboard, the participants always knew that to release the gas, they needed to 

release the forward key, whereas when using the 3D-device they did not seem to be quite as sure 

of how to activate and deactivate the gas. Their attempts to reverse by rolling the wheels 

backwards, indicate that their expectations of what the 3D-device was controlling did not match 

the actual mapping between the physical and symbolic in the game implementation. In Gibson’s 



29 
 

(1979) terms, they had picked up misinformation about the device, leading to misperception of 

its controls, which in turn caused them to perform inappropriate actions.  

The fact that several of the participants assumed that the rolling of the car’s wheels would cause 

it to move backwards answers to question 4 (what is intuitive to users?). In relation to the 

continuum of knowledge discussed by Hurtienne and Israel (2007), the interaction with the toy 

car as a controller can be considered on different levels of the continuum. The physical aspects 

of the toy car can be understood on the sensorimotor level, drawing on experience from 

interaction with the physical world. Knowledge gained from experience on the cultural level can 

be used to understand the mapping between the toy car and the car in the game. Participants 

focusing on the spinning of the wheels on the toy car may have turned to knowledge of what 

makes a real car move, to understand the 3D-device. It seems then that the realness of the device 

may have caused participants to make false inferences on how the toy car should be connected to 

the car in the game. They may have felt that the mapping should be as real as the device. If so, 

one could wonder why they did not try to roll the wheels forward to activate the gas. To this 

question, the position of the neutral mode may have played a role. The fact that the toy car had to 

be positioned very close to the edge of the table to activate the reverse control may have led to an 

unwillingness to try placing the toy car near the edge. However, the fact that the toy car had 

wheels that were roll-able may have had a greater impact on this misperception. With the 

keyboard, forward is forward and backward is backward, but with a physical object the perceived 

affordances are many more and as a result the possible interpretations of the mapping between 

physical and symbolic increase. In this case, it seems that the wheels of the toy car made the 

control seem more complex, leading users to attribute additional qualities to the device. In other 

words, the shape of the device made the mapping between physical and symbolic unnecessarily 

opaque. 

5.1 Methodological Considerations 

Before diving into the technicalities of the test procedure, let us consider the game and the task 

chosen for the present thesis. The choice of game will naturally have had an impact on the 

participants’ attitudes toward the task and the devices. However, this should still make 

comparisons between the two devices possible as the same game and task was used in both 

conditions. Nonetheless, one should keep in mind that the conclusions being made in this thesis 

about the use of the two devices are in some respects limited to the game and the task tested. Any 

discussions of other implementations and scenarios are thus merely speculative. 

Once the game task was chosen, the first challenge in conducting the tests was to decide how to 

give instructions on how to use the control devices in each condition. As already discussed, the 

keyboard provides an interface that is already familiar to the participants in terms of how it 

works. A participant who has not previously played a racing game with a keyboard as a control 

device, will still be familiar to interacting with the physical keys. Although the same can be said 
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about the toy car, as most participants have probably encountered one before, the toy car as a 

controller is most likely a new concept. The participants are familiar with the physical keys 

having a symbolic meaning, making the pressing of a key an action manipulating something in a 

symbolic world. I press the key, something happens. This gives the keyboard an advantage when 

giving instructions on a task to be performed as the participants can easily imagine what the 

pressing of a key will result in. This is very different from what happens when the participants 

are instructed to use a toy car as controller. The notion of the physical to symbolic mapping 

between the toy car and the game is a new one. The multiple affordances of the toy car make 

giving instructions even more problematic. Despite this fact, the instructions given in the 3D-

device condition were no more informative than the instructions on using the keyboard. This 

naturally gives the keyboard an advantage as the keys only afford pressing, while the toy car 

affords any kind of movement in a 3D space. The reasoning behind this decision was that if one 

is interested in the intuitive interaction with a 3D-device, instructions should be kept at a 

minimum, allowing the manipulations that seem intuitive to the users to be observed. 

The restart function in the game that let participants restart in the middle of the track when 

immobilized caused some challenges in giving correct instructions as well as to the analysis. The 

different player styles and tactics observed in participants may be a result of participants 

interpreting the instructions differently. The fact that the task was to complete the lap as quickly 

as possible might also have played a role in how some of the participants chose to use the R key. 

Participants with a competitive attitude and determination to complete the lap quickly may have 

chosen to use the R key to minimize the time spent on maneuvering the car out of tricky 

situations. This was an option since the restart function let the participant continue where they 

had left off on the track, as opposed to starting over from the beginning of the lap. Other 

participants, with more patience and perhaps the willingness to manage to maneuver the car, may 

have chosen to spend the extra time on finding a way back on track. This is problematic when 

analyzing the results as using the R key in a tactical manner might have led to a better task 

completion time. This decrease in task completion time has nothing to do with learning to use the 

device, but may rather point to difficulties in using it. Adding penalty seconds for using the 

restart function could help mend this problem. Furthermore, the task completion time measure 

was likely dependent on the joystick implementation of the 3D-device. The fact that the 

keyboard control forced users to give full gas, while the 3D-device let them choose how much 

gas to give, might have contributed to the difference observed in task completion time. Users 

who chose a lower speed while using the 3D-device might have completed the task quicker using 

the keyboard as they didn’t have the option to drive at a lower speed. 

Another factor that makes the comparison between the two control devices difficult lies in the 

implementation. As discussed in the previous chapter, the joystick implementation of the 3D-

device makes a different kind of control possible, leading to the two control devices being 

different not only in the physical aspect but also in the symbolic. When considering the results 

from the analysis, one should keep in mind that this difference in the physical to symbolic 
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mapping is present and that the conclusions being made are therefore dependent on the different 

implementations of the control devices. Comparing the 3D-device to another joystick device may 

make further conclusions possible. 

The decisions made on the physical implementations of the Stylaero Board and the toy car are 

also important to consider. The mounting of the Stylaero Board underneath the table enabled the 

interaction with the 3D-device to be more about the toy car than about the board itself. This is 

favorable when interested in what assumptions the users make when the environment lends few 

cues on how the device operates. But it also creates a problem of transparency as the users will 

have to make their own assumptions, which might hinder effective and intuitive interaction. 

Making the board visible to the user may provide spatial cues on where the gas is activated and 

where the neutral mode is found. Alternatively, the Stylaero Board could be mounted underneath 

the table and masking tape could be used on the table to indicate the positions activating the 

controls. Without these physical cues, the interaction with the 3D-device as implemented in the 

present study may be less transparent than the interaction with the keys of the keyboard that have 

symbols indicating the different directions they control. What the toy car does have is the 

physical manipulability that, if implemented correctly, should render the interaction more 

transparent. The decision of whether to use physical cues like marks on the table or by making 

the Stylaero Board visible, depends on the questions one seeks to answer. Without the cues, the 

focus of the study will be in how the users understand the physical object as a controller. This is 

favorable if one takes an interest in how the users are able to “feel” how the controller works in a 

more embodied way rather than depending on visual cues in the environment. Both aspects may 

be equally interesting in the design and development of 3D-interaction techniques. 

The choice to use a toy car is an equally critical issue. Another object could very well be used 

with the Stylaero Board. The results of the analysis are in no way independent of the fact that the 

physical object used as a 3D-device is a toy car. The use of the 3D-device discussed here can 

therefore not be regarded as the use of any such device, but rather specific to a 3D-device shaped 

like a toy car. As already discussed, this seems to have had a considerable impact on the 

assumptions made by users. 

When considering the data used for the thematic analysis, one could argue that the open-ended 

question used is formulated in a way that forces the participant to compare the two devices in 

terms of differences. This may have had an impact on what aspects of the experience the 

participants focused on in their comments, making them choose contrasting words to describe the 

different devices.  

Using observation as a complementary method proved useful in the analysis as the different 

techniques used by participants could be identified. It also helped in the understanding of the 

problems that the participants encountered when using the different devices. However, as the 

observation was limited to one person’s attention and analysis, there are some limitations to what 
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could be observed. Using video recordings could have enabled more aspects of the interaction to 

be discovered.  

5.2 Conclusions and future research 

In this thesis, some of the challenges with comparing old and new control devices have been 

discussed. Results have been gathered that point to some of the challenges and opportunities of 

using the Stylaero Board for 3D-interaction with a computer game. One interesting aspect of 

using the 3D-device in the scenario studied here, is the engagement in the task that it seems to 

evoke. To investigate whether this simply comes from the newness of the device or if there are 

other qualities to the interaction that lead to this sense of immersion in users, a longitudinal study 

on the user satisfaction would be suitable. In such a study, the learning curve of using the device 

could also be measured. To narrow down the possible factors contributing to the problems that 

users faced with the controls, and to find out what would mend these problems, a few controlled 

tests would be suitable. The first question to investigate would be whether it is easier for the user 

to interpret the device if the Stylaero Board is visible. The same scenario as used in the present 

thesis could be tested in two or three conditions where the Stylaero Board is visible or hidden. 

The third condition could be with the Stylaero Board hidden underneath the table, with markers 

on the surface of the table to indicate the positions for the different controls. A test like this will 

give insights into how the assumptions made by users are effected by the visual cues provided by 

the board’s visibility. The second question to investigate would be how the shape of the physical 

object used as a controller affects the interaction with it. Does the fact that it is shaped like a car 

disfavor the interaction by suggesting a symbolic value that is more complex than the actual 

control? Should the object be of a more anonymous shape or is it enough to simply remove the 

wheels of the toy car? And what should this anonymous object look like? What cues should it 

provide the user with and what should be left for imagination? Finding the answers to these 

questions should better inform the future development of 3D-interaction tools. Note that using 

university students for the present study makes generalization of the findings to other 

populations limited. Answering to questions regarding accessibility to other populations, such as 

elders and children, will require further studies focusing on these populations. Studies on 

interaction with other applications will lead to further conclusions about the use of the 3D-

device. 
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