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Abstract 
 
Interaction with virtual environments has for a long time been a subject of research and 
many different techniques and interaction-devices have been developed. Both 3D 
interaction devices such as wands, gloves etc are in use, but also traditional 2D 
interaction with a mouse and a keyboard exist. In this work we explore the possibility to 
use a TabletPC as an interaction-device for virtual environments. Several methods of 
interaction for tasks like selection and value manipulation were developed, using the 
human ability of spatial knowledge as an aid. The methods have been developed to suit a 
pen-based interface and the special features of the pen have been taken under 
consideration. Evaluation showed that the developed interaction methods were usable.     
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1. Introduction 
 
Interaction in virtual environments has been a topic of discussion for a long time and is 
considered a problem for the development of virtual environments. Both 3D interaction 
devices such as wands, gloves etc are in use, but also traditional 2D interaction with a 
mouse and a keyboard exist. All these ways of interaction have different benefits and 
limitations; it is, for example, hard to do alphanumerical input with a 3D device but 3D 
tasks, such as altering the orientation of an object, are not intuitive to do with a keyboard 
that is more appropriate for textual input.  
 
The objective for this thesis was to explore the possibility of using a TabletPC as an 
interaction-device for interaction with virtual environments, as well as to develop and test 
methods for this interaction.  
 
With a pen-based interface, the TabletPC opens up many different interaction 
possibilities that other devices do not have. But can a tablet perform well under the 
special conditions that exist when dealing with a virtual environment. Is it for example 
possible to use a TabletPC without looking at it since switching focus from the VE to the 
tablet makes the user lose the immersive feeling that a VE can create. 
 
In this work several interaction methods are developed after an initial research period in 
the fields of human computer interaction, interaction in virtual environments and pen-
based interfaces. These methods are then evaluated through a usability test where specific 
aspects of the interaction methods are tested. 
 
Chapters two, three and four of the report present the previous research that has been 
done, followed by chapter five where the development and implementation of the 
methods are described. After that the evaluation is presented and the report ends with the 
drawn conclusions. For technical information about the TabletPC used (see appendix A). 
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2. Human Computer Interaction 
 
This chapter introduces a field of study called human computer interaction (HCI) that is a 
big part of interaction design. Many different disciplines contribute to HCI, concepts and 
theories come from computer science, psychology, sociology, industrial design etc. Here 
the focus lies on some of the human aspects of the subject, presenting and discussing 
attention and memory constraints, mental models and spatial cognition in that order.  
 

2.1 Attention and memory constraints 
When designing a user interface it is important to take into account the attention and 
memory constraints of the user. Since the human mind is limited, meaningful and 
memorable interfaces are to be preferred [17]. This minimizes the time the user needs to 
spend on the interface so the user can instead focus on the tasks being performed with the 
system.  
 
The level of processing theory states that how well new information is remembered 
depends upon the meaningfulness of the information. Meaningful information receives a 
more thorough and deep analysis and it is the depth of processing that determines how 
likely it is to be remembered [17].  Another way to make information more memorable is 
to organize and structure the material [15]; grouping items in a meaningful way makes an 
interface more memorable. The separate parts of the interface should, therefore, be 
divided up into subcategories and grouped in a meaningful way.  
 

2.2 Mental models 
The mental model is a concept that deals with cognitive activity. There are many 
variations of the concept but a definition that is used in the area of HCI is the following:  
 
“The model people have of themselves, others, the environment, and the things with 
which they interact. People form mental models through experience, training and 
instruction.” [17] 
 
There are two types of mental models: structural and functional models. A structural 
model is a mental model of how a system or device works while a functional model is a 
mental model built up by procedural knowledge about how to use a system or device. The 
functional model is meant to map tasks and actions and to make sure that the mapping is 
simple and direct. A mapping that is clear helps the user learn and use a system [17]. An 
example of a simple and direct mapping for a tablet interface could be that if the user 
draws a stroke to the right, the curser moves in the same direction. A map is an example 
of a structural model that could be useful. This will be discussed in the next section. 
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2.3 Spatial cognition 
This last section within the human computer interaction chapter presents what spatial 
knowledge is and how to build up this knowledge. 
 

2.3.1 Spatial knowledge 
There are different kinds of spatial information. Here four concepts will be presented. 
 
Orientation: 
“A person is oriented when he/she knows his/her own location relative to other important 
objects in the environment, and can locate those objects relative to each other.” [14] 
The concept of orientation can be mapped to human computer interaction, to know where 
in a series of commands the user is located and what alternative actions and commands 
are available from that point. While using an interaction interface orientation is very 
important. If the user doesn’t know where he/she is then it is difficult to perform tasks 
accurately.  
 
Landmark knowledge: 
Landmarks are significant objects or locations in the spatial environment that the 
cognitive maps are based on. [14] 
 
Route knowledge: 
Route knowledge is knowledge about how to get from one specific location to another by 
using the landmark knowledge as a navigation aid.  
 
Survey knowledge: 
“Survey knowledge involves an understanding of the topographic organisation of the 
space. This knowledge can be developed through map reading as well as through direct 
experience.” [16] 
 
Survey knowledge is a more general spatial knowledge that deals with more global 
relations and directions in the environment [15]. 
 

2.3.2 Learning spatial relationships 
Exploration of the environment is one way to build up spatial knowledge, this path-based 
learning however, can take time, and it is not certain that the person will build up a 
correct model of the space in his/her mind. This depends on where the exploration leads 
and how the information is interpreted [14].  
 
One cognitive artefact that helps the user with structuring spatial information is a map. 
These are representations of space and the use people make of that space. Maps provide 
information about what can be found at certain locations. With the help of maps a user 
can find the route he/she needs to take to get to a certain location. There is research 
within the area of cognitive science that shows that artefacts such as rules, models and 
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representations aid human cognition. These artefacts could be both internal, inside the 
mind, and external information [14]. A map can be seen as both internal and external in 
the way that it can both exist as a map in the world but also in the mind, created by 
experience. When it comes to spatial tasks, such as wayfinding and orientation, maps can 
quickly give us information and spatial knowledge that otherwise would be acquired over 
time from interaction with the spatial environment. Research shows that the use of maps 
can quickly increase spatial knowledge [14]. An experiment comparing spatial 
knowledge acquired from two years of exploration and a few minutes of studying a map 
showed that the map gave more accurate distance and direction knowledge. Another 
advantage that a map can give is that it produces an absolute reference system since it 
provides a single point of view [14]. Studying a map is an efficient way to build up 
survey knowledge [15]. 
 

2.4 Applying human aspects in tablet interaction 
There are many experiments showing that using the human capability for spatial 
cognition in the design of user interfaces can improve task performance. By organizing 
information in a spatial way, for example spreading information in groups on a 2D plane, 
the speed and accuracy of retrieval and use of this information can be made easier. A 
reason for this is that the user employs spatial memory to memorize and recall the spatial 
organization. How well a user performs with a computer interface is influenced strongly 
by spatial aptitude. Spatial organization in 2D user interfaces is widely used and there has 
been much research regarding the introduction of a third dimension and comparisons 
have been made between the effectiveness of 2D and 3D interfaces. Here 3D means 
adding an extra spatial dimension. To further improve retrieval cues, a combination of 
semantic labels and spatial organization can be used [13]. When remembering a map 
there is a tendency to remember the geographical regions as being parallel to the axes of 
the map and the axes of other regions [14]. So, when designing a space that is to be 
translated into a map, it is an advantage to make the regions aligned from the beginning 
to minimize the distortion of the memory of the map.  
 
“Human capabilities for spatial cognition can allow rapid information retrieval in 
graphical user interfaces. Several prior experiments have shown that spatial 
organization of information enable users to access data items surprisingly quickly.” [13] 
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3. Interaction in Virtual Environments 
Interaction in virtual environments has been a topic of discussion for a long time and is 
considered a problem for the development of virtual environments. Different methods 
have been used, both 2D and 3D, and there seems to be an uncertainty with respect to 
which type of technique to use at what time. There is also a lot of mixing between the 
dimensions and there seems to be a lot of 3D interaction devices for 2D tasks and vice 
versa. [2] The problem with this mixing is that there is no correlation between the 
interaction and the effect the interaction has in the VE. [3] This chapter discusses the 
issue of dimensionality and presents previous research that has been done on interaction 
through a tablet.  
 

3.1 Dimensionality for interaction tasks 
When designing a user interface for a system it is important to think about what the 
interaction should accomplish, what types of task exist and can the nature of the tasks 
decide what type of interaction technique is the most appropriate. The dimensionality of 
the task is one aspect that should be taken into consideration. Darken and Durost describe 
dimensionality-matching as an important aspect while choosing the right interaction 
technique. They introduce the concept dimensional congruency “as a condition whereby 
the special demands of a task are matched directly by the interaction technique that is 
used to execute it” [3]. Previous research, testing the tasks: selection, read text, input text, 
and position, shows that VE interfaces designed using the condition of dimensional 
congruency improves the efficiency and usability of the interaction.  
The interaction tasks defined by Watsen et al. are: 
 

• Selection: Make a selection from a number of alternatives. 
• Position: Indicate a position on the display or in the workspace. 
• Orientation: Alter the orientation of an object in the workspace. 
• Path: Generate a path, which is a series of positions and orientations over time. 
• Quantification: Specify a value (i.e. a number) to quantify a measure. 
• Text: Input a text string. 

 
Not all of these tasks are 3D even though they are performed in a 3D environment such 
as a virtual environment. Position, orientation and path can be considered as 3D while 
selection, quantification and text are only 2D and, therefore, better suited for 2D 
interaction techniques. [2] 
 
There exists an issue about dealing with mixed dimensionality tasks where the task is 
both 2D and 3D. An example of this could be how to get information about a specific 
object. Even though this action is two tasks, built up by combining 3D “selection” and 
2D “read text”, the user sees it as one. [3] To be able to provide an interaction device that 
can provide means for both 2D and 3D interaction previous work with tablets has 
incorporated tracking and in this way creating a hybrid device from a 2D device. [3] 
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3.1.1 Navigation 
Navigating through a VE is one of the interaction tasks that could benefit from a 3D 
interaction technique since path is a 3D task. Most navigation techniques for VEs rely on 
the user to select a direction of travel or a target position. This could be difficult in a 
large-scale environment. To deal with this problem Jeong et al. [4] presented a travelling 
technique called Forve, which aids the user to specify a velocity and acceleration of 
travel. Specification of these variables has previously been done with techniques such as 
discrete control by buttons where the number of clicks was counted or where the duration 
for which the button was pressed decided the values. Forve, however, is a force-based 
method that relies on pressure-sensors that are attached to a 3D spatial input-device. The 
user controls the velocity by pressing on the sensor and thereby increasing the velocity. 
They reached the conclusion that a force-based technique, such as Forve, is an efficient 
way of defining the velocity and acceleration in a VE, and compared to a discrete method 
and a time-based method, the force-based technique was more natural, more convenient 
and easier to learn [4].  
 

3.2 Interaction with a handheld computer 
Previous work has been done in this area, interaction in a Virtual Environment, using a 
3Com PalmPilot handheld computer as the interaction device. For the 2D interaction 
traditional 2D widgets are used, such as dialog boxes and menus. The interaction is 
divided between four applets, each dedicated to a certain use. There is a Camera applet 
that controls the camera movements by following the users movement with the pen. 
Moving up the screen pitches the camera etc. There is also a possibility to move 
backwards and forwards by the use of simple gestures. The second applet is dedicated to 
the environment where manipulation of variables can be made by adjusting values by the 
use of slidebars. The third applet, Geometry, deals with selection of objects and 
manipulation of position and orientation. The selection is handled by choosing the correct 
object from a list and the manipulation occurs with slidebars similar to the Environment 
applet. To switch between the applets the user goes to a default mode, the LaunchPad, 
where the other applets are accessible. 
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4. Pen-based interfaces 
 
This chapter presents pen-based interfaces starting with the benefits of using a pen as an 
input-device followed by a description of the different elements that interaction with a 
pen provides; gestures, inking, pressure and crossing. The two last sections of this chapter 
discuss two types of fluid interaction; fluid menus and fluid value manipulation. 
 
 

4.1 Benefits of using a pen-based interface 
Previous research shows many benefits that come with a pen-based user interface, a PUI. 
For example a pen and tablet are a device that can be used standing up and while moving 
around. Another central aspect is that the pen can be used to input text that is 
recognizable by the computer so there is no need for a keyboard. A single hand can, in 
this way, perform fast text input. There is also the benefit of user familiarity. Pen and 
paper is something most users are familiar with from everyday life and this concept is 
directly transferred to the pen-based interface. 
 
Pen-based interfaces are mostly used by very specific communities and in specific 
applications. For example, artists often interact using pen and tablet in various drawing 
applications. For this interaction technique to move into other areas of use, the special 
features of the pen should be taken advantage of instead of, as it is now, when the pen is 
often used as a mouse. There are many differences between a mouse and a pen and it is 
important to see what the pen has to offer and how it is best put to use instead of 
mimicking the use of the mouse. [1] An important property of the mouse that makes it 
suitable for clicking for example is that the “clicking movement”, the pressing of the 
button, is orthogonal to the x-y plane in which the mouse moves. For the pen this isn’t the 
case so, instead of mimicking techniques that were developed for graphical user 
interfaces, pen-specific techniques should be explored. [10] Most previous work has been 
done for drawing applications but this research is still relevant because it deals with the 
user interface itself and not the use of the applications although the applications did have 
an influence on how the interaction techniques were tested.  
 
 

4.2 Gestures and Inking 
Pen-based interfaces allow the user to interact in several ways. One important feature is 
the concept of gestures, marks made using the pen that, instead of defining data, executes 
commands (see figure 1). For gestures to be an efficient interaction method they need to 
be recognizable by the computer and easy to learn and remember for the user. How easy 
the gestures in a gesture set are to learn, remember and recognize depends, not only on 
the individual gestures, but also how they also affect one another. When deciding what 
gestures an application should include it is therefore important to treat them as a whole, 
not as isolated pieces of an interface. [10] 
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Figure 1. Example of gestures: triangle, circle and up-right  
 
Gestures can be a fast way of interaction since there is a possibility to both select and 
manipulate in one stroke by the pen. There exist some problems concerning this 
interaction technique. For example poor gesture recognition and difficulties for the user 
to learn and remember the gestures. So it is important to take this into account when 
designing a PUI [1]. 
 
Another way to use the pen is inking. This technique lets the user input data by writing on 
the tablet with the pen. This is an efficient way to input text that takes advantage of the 
users familiarity of the traditional pen and paper. 
 
 

4.3 Pressure 
Many existing user interfaces are designed under the assumption that the only input 
information provided is the input that a mouse can give, i.e. x-y position and information 
concerning if buttons are pressed or not. But the pen differs from the mouse, and 
therefore interfaces and widgets should be designed in a way that is appropriate to the 
pen’s special features, for example a third degree-of-freedom is provided, by measuring 
the continuous pressure applied to the tablet by the pen. This input has only been used in 
a few applications, mostly drawing and image manipulation applications. Ramos et al. [5] 
have explored the potential use of the continuous pressure sensing capabilities of the pen 
and how this property could be of use to control widgets. Since the input is continuous 
there is a possibility for control of continuous variables by mapping the pressure to a 
variable as well as going through discrete states by invoking an action once the pressure 
exceeds a predefined threshold. To be able to use the pressure input for interaction design 
one needs to understand the user’s ability to handle the pen. Ramos et al. conducted a 
study on this subject and the results gave the following implications for designing 
pressure-based widgets [5]: 
 
Minimize the interference between movement and selection phases: Movement and 
selection with an input device like the mouse is interference free since they occur on 
different axes that are orthogonal. With a pen, however, there is a risk of interference 
between the movement across the tablet and the selection once the movement is done. 
Depending on how the selection task is defined different amounts of interference occur. 
Clicking as a selection tool could, therefore, be difficult because downward application of 
pressure may not be orthogonal to the tablet. Clicking using the pen’s discrete button 
gives the same problem since the user might inadvertently move in the x-y plane while 
clicking. Instead selection by quickly releasing the pen from the surface or remaining still 
for a short amount of time is preferred. 
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Have the right number of pressure levels: Defining a few levels from the entire pressure 
range available gives the best results since there is a margin where the user can linger. 
 
Provide real-time, continuous feedback: Continuous feedback helps the user control the 
pressure application and is required for pressure sensitive widgets. [5] The feedback can 
help the user both to see how much pressure is applied and what consequences there will 
be following the changes of pressure. [6]  
 
One application using pressure-widgets is the LEAN system implemented by 
Balakrishnan et al. [6] LEAN is a digital video editing program where navigation, 
segmentation, linking and annotation is done through a pen-based interface using fluid 
interaction techniques and pressure widgets is one of them.  
 
A problem that occurs in pen-based interfaces is the possibility of occlusion when the 
user’s hand hovers above the tablet surface. The TLslider developed by Balakrishnan et 
al. [6] uses pressure to overcome this problem. When pressure is applied the widget 
deforms in way that information that would be hidden by the hand becomes visible. This 
is an important aspect to think about when designing pen-based interfaces, vital 
information should not be placed where it might be hidden. A non-visual interface 
doesn’t have this problem. 
 
There are some existing concept designs for pressure widgets that respond to the 
application of pressure in different ways. Ramos et al. [5] defines parameters connected 
to the visual attributes of the widget to more easily investigate the variations of widgets 
that could be designed. Channel coupling refers to what visual aspects of the widget the 
specific channel, here pressure, is mapped to. There is also a distinction between cursor 
and target(s) where cursor is the visual element indicating the selected item and target(s) 
are the visual elements that show the items that are selectable. Some design concepts that 
have been developed are the rotating expanding pie, the flag, the bullseye and pressure 
marking menus.  
 
Pressure Marking Menus: 
The pressure is here coupled with the cursor’s scale. This is an extension of the regular 
marking menu where, instead of selection solely depending on the direction of the stroke, 
it also depends on the variation of pressure between the starting point and the end point of 
the stroke. In this way two or more options could be available at each path. 
 

 
Figure 3. The Pressure Marking Menu 
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4.4 Crossing 
The differences between the mouse and the pen become apparent when considering 
interfaces that have been developed for a mouse. Actions that are easy to perform with a 
mouse as an input device can be difficult when tried with a pen. An action commonly 
used in traditional mouse interfaces is the “double click”. This is an easy action to 
perform since the pointer is stable but when attempted with a pen the stability is gone. 
This is just one of many examples showing why it is important to design the interface 
explicitly for the pen instead of copying mouse interaction techniques. Apitz et al. [11] 
introduce a fluid interaction technique that is based on crossing rather than clicking. They 
explored this technique by implementing crossing interaction in a simple drawing 
application called CrossY (see figure 2). Crossing was used for menus, buttons, scrollbars 
and dialog boxes where a stroke across the element had replaced the clicking. Continuous 
crossings over multiple items expanded the technique to do tasks such as scrolling and 
travelling through menu hierarchies. A method to be able to select more than one object 
was developed. In the absence of ok or cancel buttons, the frames of the menu boxes 
were used where each edge either confirmed or cancelled the selection that had been 
made by crossing. One problem that was discovered in that study is that some users 
would sometimes start the crossing gesture before the pen is on the surface of the tablet. 
 

 
Figure 2: example from CrossY [11] 
 
  
They also concluded that, instead of dividing up the interaction in point and click steps 
that users are familiar with from mouse interfaces, the interaction should be based on 
fluid, continuous motions. The following two sections go deeper into the concept of fluid 
interaction. First fluid interaction menus are presented and after that is a section on fluid 
value manipulation. 
 
 

4.5 Fluid Interaction Menus 
There are many varieties of menus within the concept of fluid interaction. An example of 
this is Marking menus, a menu where the user can access and execute commands in a 
circular menu hierarchy by making a gesture in a certain direction. The menu isn’t visible 
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all the time, as in a dropdown menu for example. Instead it is activated in different parts 
of the interface showing only the aspects that are of interest in a certain context. Marking 
menus can be used with both single marks and compound marks, marks consisting of 
several strokes. Experiments by Zhao et al. [18] show that single marks are more accurate 
and faster, especially if there is a large number of items in the menu. There are some 
hierarchical marking menus where the users travel down into different levels in a 
selection hierarchy. 
 
Similar to Marking menus are Control menus [9], that allow a user to both select and 
control an operation. Another menu/control system that has been developed is FaST 
sliders. [8] These combine Marking Menus and graphical sliders to let the user perform 
selection and adjustment of values in steps with quick sudden movements. First comes a 
selection phase that depends on a flick with the input device. Thereafter follows a slider 
that adjusts the values. FlowMenus, like Marking menus, have a radial design where item 
selection is performed by a stroke in a certain direction. There is a return to centre motion 
while using FlowMenus that allows the user to travel in the menu hierarchy without 
moving too much across the screen. This could be helpful when dealing with a small 
screen such as a tablet. [6] 
 
There is a problem with menus that do not show all the information, the problem of 
discovery. It might be difficult for the user to move through the menu hierarchy, 
especially when the user is new to the system. The use of fluid interaction techniques is 
likely to be of great benefit to the experienced user. Once the user has learned what 
strokes trigger certain actions and in what order these strokes are to be performed, there 
will not be the same need for visual feedback. The user will then be able to interact and 
perform continuous commands. [11] 
 
 

4.6 Fluid value manipulation 
According to Ramos et al [12], there is a need for a more interactive parameter 
manipulation than direct input of numbers as be done in ink mode. If multiple 
adjustments need to be made before the user has reached the correct value, the direct 
input mehod could be very time consuming. An interactive manipulation with direct 
feedback helps the user if the parameter value is not known beforehand. This is also a 
more fluid interaction technique than adjusting parameters with discrete input of values. 
[12] 
 
Parameter manipulation often requires adjustment of the scale in which the manipulation 
is done as well as the actual adjustment of the parameter. [12] An example for a VE 
application could be while zooming in on an object there is a need to be able to move the 
view towards the object but also to decide the speed in which the zooming occurs. If the 
object is far away the scale could consist of bigger steps than if the object is close.    
 
A widget called Zlider has been developed. It gives the user the ability to adjust and 
zoom the parameter space controlling the pressure of the pen on the tablet and, at the 
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same time, slide the input device to manipulate the parameter values in the chosen 
parameter space. To avoid the issue of maintaining constant pressure the Zlider has a 
clutching mechanism that holds the zoom level stable. An experiment was carried out by 
Ramos et al. [12] comparing the Zlider with two techniques that has put the zooming 
aspect on discrete buttons instead. The results showed that there were no significant 
differences in performance between the techniques. Some unintended scale changes 
occurred while the user was sliding the pen. Similar to the Zlider is the Zliding Wheel : a 
knob control with the ability to control the scale. 
 

4.7 Moving between methods 
As mentioned above, the pen-based interface offers more than one way to use the pen in 
interaction tasks. The input from the pen can be treated as gestures but also as ink that 
correlates to textual input. One solution is to dedicate different parts of the screen to the 
different modes, one exclusively for inking and one for gestures. If the entire screen of 
the tablet were to be used for both gestures and inking then two ways to deal with this 
exist. Either the interaction can be done in mixed-mode, where the gestures must 
comprise of only single-stroke gestures, or there must be a way to switch between ink 
mode and gesture mode.  
 
Li et al. [7] conducted a study where different switching techniques for pen-based 
interfaces were tested. There are different ways to switch between ink and gesture mode. 
Since the user might need to switch between these modes quickly, the transition should 
be made as simple as possible. The following techniques were tested: 
 

1. Pressing Barrel Button. The user pressing a button on the pen initiates the gesture 
mode. 

2. Press and Hold. The user needs to press the tip of the pen on the tablet’s surface 
for a certain amount of time for the mode to switch. 

3. Using Non-Preferred Hand. The hand holding the tablet is here used to press a 
mode switching button somewhere on the tablet. 

4. Pressure-Based Mode Switching. An implicit mode transition is accomplished 
using the pressure applied by the pen. In this study pen input, when in the normal 
pressure spectrum, was interpreted as inking and pen input combined with heavy 
pressure was seen as gestures. 

5. Using the Eraser End of a Pen. This technique switches mode by inverting the 
pen. [7] 

 
The fastest performance was obtained by pressing a button with the non-preferred hand. 
This technique requires little hand movement from the user and is therefore a comfortable 
technique. The press and hold technique resulted in slow and problematic switching. The 
slippery surface made it difficult for the user to hold the pen still. The pressure-based 
switching technique needs to be improved to suit different users pressure preferences. [7] 
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For the interaction to be as comfortable as possible for a user using the Pressure-Based 
Mode Switching technique there should be an understanding of what mode is the most 
frequently used since this is the mode that ought to lie in the normal pressure range. 

5. Development and implementation 
This chapter focuses on the development and implementation of the interaction methods 
for the TabletPC. The first section gives the specifications for the interaction methods, 
after that comes a section that describes the interaction system and the last section in this 
chapter presents different methods for value manipulation. 
 
 

5.1 Specifications for the interaction methods 
The scope of this project was to create interaction methods for VR using a TabletPC and 
being able to interact without having to look down on the tablet. Without visual guidance 
the system needs to help the user in other ways. Previous research in the fields of human 
computer interaction, virtual reality and pen-based interfaces have given information 
about how these interaction methods could be designed. This section shows how this 
research can be used in concrete solutions. 
 

5.1.1 Spatial memory 
From the previous research we have learned that grouping selections and options in a 
meaningful way can help interaction. By spreading out and placing the groups in a spatial 
way on a 2D plane, the users spatial knowledge and spatial cognition could be of use. It is 
mostly graphical user interfaces that have been involved in spatial memory. In this 
project we were mainly interested in what spatial aspects could be used without graphics. 
A non-visual interface could be achieved by implementing a system based on direction 
and relative positions, two spatial aspects that do not rely on vision as much as, for 
example, position. It is easier to perform a relative movement where the user has a frame 
of reference than to find a specific location on the screen. It is also good to have large 
areas where the input can be placed. Otherwise it is possible that the user will miss the 
target area. Large areas also make it possible for the user to use large gestures and the 
precision is not so important. As a reference the user has the relative position of the hands 
and also the placement of the fingers of the non-dominant hand that holds the tablet. 
 
To make sure the user has the correct and necessary spatial knowledge a mental model in 
the form of a map could be used as a cognitive tool. To navigate in the system is then 
similar to navigating through a map. The actions for the navigation itself should be 
closely mapped to the tasks the user performs. Moving to the left on the map could be 
achieved by drawing a line to the left on the tablet. In that way the user gets a clear and 
simple functional model of the system. A user is, by being oriented on the map, also 
oriented in the system and by always being oriented the user can use the spatial survey 
knowledge to move towards a location or goal.  
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5.1.2 Gestures 
Previous research shows that gestures need to be carefully designed. When implementing 
gestures we wanted to limit the number of gestures to learn and remember by using the 
same gestures in different contexts. By choosing gestures that could be of use in many 
similar situations but that still are intuitive for the specific task, are there fewer gestures 
to remember and it is easier to have distinct gestures so they don’t get mixed up, this 
makes the recognition process more reliable as well. We wanted the gestures to represent 
a way of doing things more than a specific task, to have a more general way of seeing 
them. A system gesture everybody is familiar with is the click of the mouse. This gesture 
is not tied to a single task but a way to approach a task or object. It is intuitive for the user 
to click on an icon to open it and it works in different parts of an application. For 
example could a left-stroke gesture mean move one step to the left. The intention was to 
use gestures for the interaction tasks such as selection, perform action, input value etc 
instead of having gestures connected to all of the specific tasks. 
 

5.1.3 Dimensionality 
In this work we wish to see a pen and tablet interface as a possible solution for the 
dimensionality mismatch problem. For example, the two-dimensionality of text combined 
with the 2D aspect of a tablet allows the user to give input into the system in a familiar 
way, written in 2D on the screen of the tablet. With a tablet it is possible to interact in a 
2D manner for a 2D task such as text input and specification of a value, but, thanks to the 
special features of the pen, a third dimension, such as pressure, could be used for tasks 
where a 3D interaction technique is more appropriate. For a 3D navigation method, we 
wanted to develop a force-based method using the pen and the tablet’s pressure 
sensitivity to control velocity. 
 

5.1.4 Mode switching 
It was decided to implement a switching technique that switch between different modes, 
such as value input mode, selection mode, navigation mode etc. Another aspect of mode 
switching we wanted to look into is to switch modes depending on where in the 
command chain the user currently is. If a certain gesture needs to be followed by a text 
input then the mode should switch without the user having to perform any additional 
action. 

 

5.2 Description of the interaction system 
This section describes the interaction system that has been developed in this project. The 
implementation was done in .NET with C# and the TabletPC API (see appendix A for 
more information). 
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5.2.1 The Menu system 
A menu in 2D space was first developed, where a user can move between all the 
positions with 8 different gestures: left, right, up, down, left-down, left-up, right-up and 
right-down. An extra gesture, a circle, was added to take the user back to the original 
position. Moving in the menu doesn’t have to lead to a selection since there is always a 
possibility to go back.  
 

 
Figure 4. The initial 2D menu  
 
A problem with this layout of the options was that four of the options need more than one 
gesture to get to while the rest of the options are accessible with a single stroke of the 
pen. There exists a problem with multiple gestures one after another in the tablets’ 
gesture recognition. The user has to lift the pen for a gesture to be recognized so this 
creates a problem for fluid interaction. A gesture has to be finished before the next one is 
started. Combining gestures into larger gestures is therefore not possible. 
 
Adjustments were made to avoid this problem and at the same time increase the number 
of options. Now several blocks build up the 2D layout letting the user move through the 
menu system with horizontal gestures and using the rest of the gestures presented above 
for selecting different options. The gestures are chosen to help the spatial way of 
thinking. Each gesture represents a direction to travel and by moving as the gesture 
shows the user is transported to the new part of the menu that lies in the chosen direction. 
A test application using this menu layout was implemented. The application is meant for 
an air traffic control system where a user should be able to set and switch camera views, 
select and manipulate airports and traffic conflicts etc (see figure 5). 
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Figure 5. Two parts of the final 2D menu system 

 
The options in the menu are divided up in different categories; choosing between 
selections, selection and manipulation and value manipulation. An example of choosing 
between selections is the Views option where the user can choose between different view 
options with the same gestures that are used in the menu. When an option is selected the 
user is taken back out to the menu after a short delay, this informs the user that the 
selection process was successful. 
 

 
Figure 6. Select View 
 
Handle Airports is an example of the user being able to first select an object and use it as 
input for several functions. In this example, writing the name of an airport on the tablet 
makes it available for use. Pressing down the barrel button and drawing a stroke in the 
direction of a function sends the selected airport as input to the function in that direction. 
Figure 7 shows the user choosing a function for the airport Arlanda. 
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Figure 7. Handle Arlanda 

5.2.2 Moving between modes 
There are three different ways for the user to move between modes; explicitly by using 
gestures in the main inkPicture or the switcher, which is a tool that will be described 
below, or implicitly by being taken by the system to the next step in the interaction 
process. The switcher is a tool to use if a user wants to abort a task or gets lost and needs 
a fast way to “start over” by going back to the origin, the default mode. In the switcher 
area the user can draw a line from right to left to represent a ‘going back’ movement. But 
when having the spatial knowledge of the entire interaction system a more preferable 
method could be to draw a line in the direction you want to go, the direction towards the 
origin. 
 
Implicit moving occurs when it is clear that the user needs to be in a certain mode to 
follow through with a task. For example if the system requires the manipulation of a 
value, the user will be transported to the value manipulation mode. The next section will 
provide a more detailed description of value manipulation. Another example of implicit 
moving is when the user is finished with a task and gets moved back to the menu.  
 

5.2.3 For the novice 
To make the system easier for a novice user to handle and learn, some visual aids were 
added. The different modes each have a different colour attached to it so it will be easier 
for the user to quickly get an idea of what a certain option does. Another way to get more 
information about a certain mode is to hover with the pen over location to get a more 
detailed text description. This solution was problematic since it is hard for a user to hold 
the pen still over a small area of the screen. Other help methods that could be useful is to 
have a help system that pops up when a question mark is drawn in the main area of the 
application. This should not be used frequently since it takes the user away from the tasks 
at hand.  
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5.3 Value Manipulation 
Value manipulation is a common task in many programs. Setting a position, a size or 
colour of an object, for example, all require manipulation of values. Therefore it is 
important to develop interaction methods for this task. First I will describe the direct 
input of specific values and after that I will go into the fluid value manipulation 
techniques that was developed. 
 

5.3.1 Input specific values 
The inking mode of the inkPicture was used to specify the value that was to be set to a 
variable. After that the value could be assigned to a certain variable by a gesture. At first 
only one variable could be manipulated. A gesture made by a stroke in an upward 
direction submitted the value while a stroke to the left erased it. 
 
To be able to work with more values a change was made so that each direction on the 
screen that was predefined by a gesture (up, down, left and right) could store a value. In 
this way a user can throw a value in the direction of its store place making the gestures 
more meaningful (see figure 8). The erase gesture had to be changed since the left gesture 
was occupied, it was now made by a left-right movement to imitate a scratch out 
movement to scratch out what is on the inkPicture if the user wants to write a new value. 
 

 
Figure 8. Input specific values 
 
 
To be able to store even more values different methods evolved. One method was to store 
more values on top of the others that were accessed by making two gestures in the same 
direction. There is a problem to define when a placement was finished, to know if a value 
should be stored in the first slot or not. A temporary variable holding the previous value 
needed to be added. Instead more directions were added. There were no predefined 
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gestures for diagonal strokes so an algorithm calculating the angles between three 
different points on the stroke was created so that four extra directions could be used. It 
was not enough to use the starting point and the end point since this doesn’t give any 
information on if the line is straight. There were now eight places to store places, eight 
directions, to use in the value manipulation.  
 
A problem that occurred was that some numbers were mistaken as gestures since a 
combined gesture and ink mode was used. If a five was written in two parts, for example, 
the second part was always mistaken as a gesture to the right. So there needed to be 
separate modes for writing the number and entering the gesture to send it to a variable. 
Using the barrel button on the pen, and discarding all gestures that were made while the 
button was not pressed solved the problem. Pressing the button while throwing away the 
values was not a problem since it seemed to enhance the grab and throw metaphor, 
squeezing the pen harder as a grab movement. If a throwing gesture is made towards a 
value without a number being input by the pen, the user is taken to a fluid value 
manipulation mode discussed in detail below. Another method for placing the values was 
tested. This method dragged the values to the locations on the screen instead of throwing 
them with the help of gestures. But this placement required the user to locate a specific 
position on the screen and such a task forces the user to look down. 
 
There is an option between exiting value manipulation mode after one value has been 
entered or to use the switcher so the user could do multiple changes without going back 
to the value manipulation mode for each value. If the option to exit after a value is set, 
then a small delay was introduced so that the user can find out if the manipulation was 
successful.  
 

5.3.2 Using sliders 
To be able to do fluid value manipulation different types of sliders were implemented. 
For the manipulation to work without the user having to look down on the tablet I 
focused on relative movement instead of specific positions. I wanted to manipulate values 
where scale and parameter manipulation is integrated and where there exists continuous 
range. Here follows a description and discussion of the developed methods. 
 
Pressure: The value is adjustied if there is a change of 10 points in the x-position of the 
pen. A movement to the left decreases the value while a movement of the pen to the right 
increases the value. The change of the value is dependent on the pressure of the pen puts 
on the tablet. Four pressure thresholds exist where the first threshold is pressure value of 
20 out of 255 so pressure below 20 doesn’t affect the value. The reason for having a 
small safe margin is to minimize unwanted changes that could occur while lifting the pen 
off the tablet surface after the final value has been reached. 
 
Y-Position: As with the Pressure method the value is manipulated by the relative 
movement in the x-direction. The step of the change is now dependent on the Y-position 
of the pen. The tablet is divided up into three parts. Moving the pen on the top on the 
tablet makes small changes, the middle makes intermediate changes and the bottom of the 
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tablet makes large changes to the value that is being manipulated. So the user can first 
make large changes to the value and in the same fluid motion go up the screen to make 
finer adjustments. A problem here is that there is a set of predefined scales instead of a 
fluid scale manipulation. 
 
Changes in Y: Like the previous methods this approach uses the relative movement in the 
x-direction to manipulate the value. The scale by which the value is manipulated can be 
continuously changed giving infinite scale adjustment. Relative movement in the y-
direction is measured and, like the changes in x, adjusts the value, the changes in y adjust 
the scale. A movement of the pen up the screen increases the scale while movements 
downward decrease the scale. A problem with this method is involuntary adjustments of 
the value while adjusting the scale and also involuntary adjustments of the scale while 
adjusting the value since it is hard to move in only one direction while not looking at the 
tablet. 
 
Button + Y: This method was developed to solve the problem that exists with the 
Changes in Y method. A restriction was added by using the barrel button on the pen. 
Changes in the y-direction were only recorded when the button was pressed down and the 
changes in x were not taken into account while the button was pressed allowing the user 
to move the pen more freely without unwanted value changes and still keeping the fluid 
scale adjustments. 
 
Pressure + Y: This method deals, like the Button + Y method presented above, with the 
problem of unwanted value adjustments. Here the scale is adjusted by changes in Y but 
the pressure of the pen is also taken into account. The method is the same as Button + Y 
but instead of the button being pressed a pressure level is defined and the scale is only 
changed when the pressure exceeds this threshold. 
 
pLevel + Y: This method is a continuation of the previous one where more pressure levels 
were introduced to make the scale adjustment better. The harder the user presses the pen 
against the tablet, the faster the scale will adjust. A light pressure and movement in Y 
manipulates the scale slightly while more pressure adjusts the scale faster. In this way it 
is easier to get to the desired scale quickly if large value changes are to be made. There is 
also a lower pressure limit so that the scale is held stable while doing value adjustments 
in the x-direction. 
 
Button + X: Just like the Button + Y method this method is capable of fluid adjustments 
for both the value and the scale but, instead of using the x-direction for the value and the 
y-direction for the scale, are both parameters are adjusted by the relative movements in 
the x-direction. The difference is that for the scale to be adjusted the barrel button needs 
to be pressed down. There is no problem with unwanted changes since only one 
parameter is changed in any one moment. 
 
Button + X, Y: The Button + X method allows for the y-position to be used for something 
other than the scale. This method makes use of the y-space by dividing the tablet into 
three parts making it possible to manipulate three different values in the same fluid 
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motion. For example a colour can be set and adjusted by having the top part of the tablet 
screen for the R value, the middle for the G and the bottom part of the tablet for 
adjustments of the B value. In the same way a position can be set letting the values be X, 
Y and Z etc. 
 
Fixed limits: This was a different approach to value manipulation where the user can set 
fixed limits to the left and right and then mapping the x-position of the pen to the 
appropriate value. By using the y direction as well as the x direction 2D values can be set 
in a single fluid motion. The problem with this is that the limits need to be set and to 
adjust values beyond the limits, they need to be set again. 
 
Distance from centre: This method tries to minimize the motion the user has to make 
with the pen by using its relative position from the centre of the tablet to control the value 
manipulation. The further away in the positive x-direction the pen is positioned from the 
centre the faster the value will increase and the further away in the negative x-direction 
the pen is positioned from the centre the faster the value will decrease. This lets the user 
accelerate the adjustment by moving the pen and holding the pen still continues the 
manipulation. For fine adjustments the pen is used in the centre of the tablet and coarse 
adjustments are made further out.  
 
 

5.3.3 Navigation in 3D 
Navigation in 3D can be seen as a value manipulation of a position. The position could be 
mapped to a camera or another object. The reason I chose to treat this aspect separately is 
that there are certain aspects of navigation that differs from other value manipulation. The 
user for example gets a visual feedback from the view itself.  
 
The navigation method I first wanted to implement relied on the tilt values of the pen. 
The pen would in this case be used as a joystick where the user could fly around in a 3D 
environment by tilting the pen in different directions. However the particular pen we had 
available did not give any values for the tilt, they were constantly “0”, so two other 
methods for 3D navigation were developed. The first method controls a cameras height 
and rotation around a specified point. The pressure of the pen is mapped to the speed of 
the rotation while the y-position of the pen sets the camera height. To control the 
direction in which the rotation takes place changes in the pen’s x-position are used. 
 
The second navigation method is a free flight interaction method where changes of the 
pen’s x-position controls the yaw and changes of the y-position controls the pitch. To 
control the speed of flight the pressure on the tablet is measured and directly mapped to 
255 speed levels. 
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6. Evaluation 
This chapter covers the evaluation of the developed interaction methods. The first section 
introduces the concept of usability testing. After that follows a section on the aim of the 
test and a description of the test environment and test procedure. The final section in this 
chapter presents and discusses the results. 

6.1 Usability testing 
To evaluate if the implemented methods were working, a usability study was made on 
some of the aspects. Time constraints made a complete evaluation of all the methods 
impossible. The aspects that I focused on in the test were the users ability to interact with 
directions and to use the tablet without looking at it.  
 
Usability testing is an evaluation paradigm, that by letting typical users perform prepared 
tasks and measuring their performance, evaluates the usability of the system. The aspects 
of the performance that are measured are typically the number of errors and the time it 
takes to perform the tasks. During the testing the users are observed to obtain 
complementary data to the measurements. To get the users opinions questionnaires or 
interviews are also used in the evaluation [19]. Preece describes the Usability testing 
evaluation paradigm:  
 
 
Role of users To carry out aset of tasks 
Who controls Evaluators strongly in control 
Location Laboratory 
When used With a prototype or product 
Type of data Quantitative. Sometimes statistically validated. Users’ 

opinions collected by questionnaire or interview. 
Fed back into design 
by… 

Report of performance measures, errors etc. Findings 
provide a benchmark for future versions. 

Philosophy Applied approach based on experimentation, i.e., usability 
engineering 

Table 1. Usability testing evaluation paradigm characteristics  
 
A more detailed description of usability testing and other testing techniques can be found 
in Preece [19]. 
 

6.2 Aim 
The aim of the usability testing is to see if it is possible for the user to interact using the 
tablet without visual aid on the screen of the tablet. The aim can be divided into smaller 
more specific questions: 
 

• Is it possible to differentiate between directions without looking at the tablet while 
drawing? 
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• Is it possible to input textual information while not looking at the tablet? 
• Is it possible to create a cognitive spatial map of the interaction system by 

studying a map of the system beforehand? 
 
 

6.3 Test environment 
To test the specific aspects there is a need to develop a controlled test environment. The 
environment should be designed to bring forward the variables that are important and to 
eliminate other variables that might affect user performance.  
 
To receive answers for question one and two the implemented value input program was 
used. The numbers are input by drawing directly on the tablet and then stored by making 
a gesture in the form of a straight line in the direction of the storage place. The user must 
therefore both input textual information and differentiate between directions. 
 
To evaluate question number three a new environment needed to be developed and 
implemented. The test environment was divided up into two programs that run on 
different machines and a TCP/IP connection between the programs so that information 
can be sent between the tablet and another computer. The first program that should run on 
the tablet is a selection program where there exist 12 different options that can be 
selected. The options are spread out on a 2D space (see figure 9). Selection occurs by 
drawing two strokes, choosing one out of four directions with each stroke, in the 
inkPicture on the tablet. The first stroke moves the user to one of four categories and the 
second stroke completes the selection process. The time from the beginning of the first 
stroke until the completion of the last stroke is measured. Every new selection changes 
the current state in one aspect. A state consists of a Colour, Pentype, Mode and Shape. 
After a change the current state is sent to the other program running on another computer 
and displayed on the separate screen. There are visual aids that could be turned on and off 
making it possible to vary the program during the testing. A map of the 2D space that 
holds the options could be displayed in the inkPicture and red lines show the user the 
latest move corresponding to the gestures giving the user a visual feedback for 
orientation. There is also an option where the map is invisible and textual information 
shows what a stroke in each direction will lead to. 
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Figure 9. The map 

6.4 Test procedure 
The test subjects were tested individually for approximately 30 minutes. The test session 
was divided up into five stages. During the test the number of errors, type of errors and 
time to complete the tasks was noted. Each stage was followed by a short user opinion 
interview where the users’ comments on the tasks and the use of the tablet were noted. 
 

6.4.1 Test stage 1: inputting values 
The first stage of the testing was designed to test the users ability to perform text input 
and draw strokes in different directions without any visual aid. First a description of the 
value input program wasgiven, followed by a training session where the user became 
familiar with the tablet and the pen. The user was then asked to input the values 1 to 8 in 
the slots around the inkPicture without looking at the tablet while performing the task. 
The user was allowed to look down after each number input to see if the task was 
completed correctly. 
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Figure 10. Inputting values 
 

6.4.2 Test stage 2: studying the map 
The user was giving three minutes to study the map. The reason for this was permit them 
to build up spatial knowledge that later could be applied to the selection process. 
 

6.4.3 Test stage 3: Selection with map 
In this stage the user was given 48 selection tasks (see appendix C) to complete. The 
tasks were written on the external screen and when each task was finished the next one 
appeared in its place. The reason for the task to be written on the separate screen was to 
simulate real usage in VR where visual focus is somewhere else and not on the 
interaction device, in this case the tablet. Another reason for the tasks to be visually 
presented is that this type of presentation provides consistency across different test 
subjects. If the tasks were to be told to each user there might be variations in tone or 
phrasing that could influence the results. During the selections the user was allowed to 
look at the map. There was one map present on the tablet and one map on the external 
screen next to the task descriptions. If a selection error was made the user should still 
move on to the next task. The evaluator monitored the errors by looking at the current 
state information on the external screen that changed after each selection. This 
information was also available to the test subject. 
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Figure 11. Selection with map 
 

6.4.4 Test stage 4: Selection with text only 
In this stage the user performed the same tasks as in the previous stage. The only 
difference was that this time the maps were removed. The user had textual aid on the 
tablet showing what the next stroke in each direction would lead to. 
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Figure 12. Selection with text only 
  

6.4.5 Test stage 5: Selection without visual guidance 
In the final stage of the testing the user again had to complete the 48 selection tasks and 
this time the textual information was removed so the user didn’t have any supporting 
visual information.  



 28 

6.5 Summary of results from the usability testing 
Here the results from the usability testing are summarized. For a complete presentation of 
the individual test results, see appendix B. 
 
The following four types of errors were noted during the evaluation: 
 

• Recognition error: the written number on the tablet was recognized as something 
else by the recognizer. 

• Direction errors: drawing the last stroke in the wrong direction resulting in 
selection of the wrong item. 

• Recognition of stroke errors: tablet not recognizing a stroke from the pen as a 
gesture, often caused by lack a of sufficient pressure. 

• Button problem: Problems with pressing the barrel button. 
 
 

6.5.1 Value manipulation 
 
User Nr of errors Cause of error 

1 1 Difficulty pressing the barrel button 
2 0 - 
3 2 Recognition error 
4 1 Drawing strokes outside inkPicture 
5 2 Recognition error, difficulty pressing the barrel button 
6 1 Recognition error 
7 0 - 
8 0 - 

Table 2. Value manipulation results 
 
Results show that it is possible to input values with an inking input method and that it is 
possible to use direction of strokes to manipulate values. The users had no trouble with 
drawing strokes in the correct direction without looking down at the tablet. The errors 
that did occur were the results of a faulty mapping between the input and the recognized 
values. The problem may be in the recognizer or in the way the numbers were written. A 
possible solution could be to have strict conventions on how to write numbers since this 
differs from person to person. For example if the number one is drawn as a single line, 
the recognizer will interpret the number as the letter “l”. Two users had initial problems 
remembering to press down the barrel button.  
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6.5.2 Selection with map 
 
User Direction 

errors 
Rec. of 
stroke errors 

Map most used Reason for choice of map 

1 1 2 External Faster, intuitive 
2 1 2 External Easier not to look down 
3 2 4 Tablet Orientation feedback 
4 0 0 External More comfortable 
5 0 0 External Easier not to look down 
6 0 0 Tablet Orientation and pen position 
7 0 1 Both - 
8 0 0 Tablet Pen position 

Table 3. Selection with map results 
 
Results from testing selection with the aid of a visual map shows that both maps, the map 
on the tablet and the map on the external screen, were used. There are different reasons 
for using a particular map. The reasons for using the map on the tablet were to get 
information and feedback on the position of the pen and the current orientation. The 
current orientation was important to the users in order to avoid mistakes from strokes that 
weren’t recognized. Knowledge of the position of the pen was needed by some users to 
make sure that strokes were made inside the inkPicture. A solution to this problem could 
be to let the entire tablet screen be enabled for gesture recognition. The reasons for using 
the map on the external screen were that it was easier, faster, more comfortable and more 
intuitive, since the tasks were presented on the same screen near the map. 
 
 

6.5.3 Selection with text only  
 
User Direction 

errors 
Rec. of 
stroke errors 

Use text information 

1 1 0 In the beginning 
2 2 0 Not used 
3 1 1 In the beginning + in case of error 
4 0 1 In the beginning 
5 0 0 Not used 
6 1 0 In the beginning 
7 0 0 Whole time 
8 0 0 Whole time 

Table 4. Selection with text only results 
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These results show fewer errors from the recognition of strokes. This might be an effect 
of practice. The users might now know the correct amount of pressure to put on the tablet 
with the pen while drawing strokes to avoid stroke recognition problems. Most users 
manage to complete the tasks without relying on the text information. 
 
 

6.5.4 Selection without visual guidance 
 
User Direction 

errors 
Rec. of 
stroke errors 

1 0 0 
2 0 2 
3 0 3 
4 0 0 
5 0 0 
6 1 1 
7 1 0 
8 0 0 

Table 5. Selection without visual guidance results 
 
Results show that it is possible to use the tablet without any visual aid on the screen of 
the tablet. Very few direction errors were made showing that it is possible to differentiate 
between directions without looking down at the tablet and that it is possible to make 
selections without visually seeing the options that exist. 
 
 

6.5.5 Mental map 
 
Most users found it easy to navigate using the strokes to represent direction. This 
indicates that there is a close mapping between the action, the drawing of a stroke, and 
the task, moving in a certain direction. They didn’t memorize the specific combinations 
of strokes that were needed for each selection, instead users memorized the map and the 
locations of the items that could be selected. This shows that the users managed to build 
up spatial knowledge of a system information space and using this spatial memory and a 
mental model of the map, the model of the system, to navigate. The users thought that it 
was an intuitive and easy way to navigate and they didn’t have to think about the gestures 
they were going to make with the pen, just the directions in the map had to be 
remembered.  
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6.6 Usability test discussion 
This section answers the questions that came from the aim of the usability testing and 
reflects upon them. Improvements on the test will also be discussed. 
 

6.6.1 Discussion of results 
 

• Is it possible to differentiate between directions without looking at the tablet while 
drawing? 

 
Both the value input test and the selection test showed that it is possible to differentiate 
between at least 8 directions without looking at the tablet. A problem that could occur is 
if the user rotates the tablet and loses orientation but a possible solution to this could be a 
compensation of the drawn directions calculated for individual needs. A calibration will 
then be needed for each user. To extend the number of directions available two aspects 
need to be considered. First there need to be an algorithm that calculates more directions 
taking into account that the users do not always draw completely straight lines and there 
is a need to find out how many directions a user can distinguish. 
 
 

• Is it possible to input textual information while not looking at the tablet? 
 
The value input test showed that it is possible to input textual information without 
looking at the tablet. However there could be a problem if the text isn’t continuous and 
the user needs to lift the pen and then put it back on the surface of the tablet. It is hard to 
find an exact position on the tablet without looking and the text could therefore be 
difficult to recognize in the case of letters crossing each other etc. There is also a problem 
with the recognition of single characters. The user may not write in a way that is suitable 
for the recognizer. User practice, conventions or more evolved recognizers are solutions 
to this problem.  
 
 

• Is it possible to create a cognitive spatial map of the interaction system by 
studying a map of the system beforehand? 

 
The selection testing showed that this is possible. The users developed cognitive maps 
that they used to guide them during the selection tasks. The spatial knowledge evolved 
during the testing since the user then got more and more experience of the “spatial 
environment”. An aspect of the test that could be of much importance is the size of the 
map. Perhaps there would be a different result if a bigger map with more selections were 
used. It would be interesting to see where the limit is of how large a map the user can 
memorize. How the options are spread out might also be important. Is it harder or easier 
to remember more initial directions or to remember more layers?  
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6.6.2 Test improvements 
It appears that the time that it takes for the user to complete a gesture doesn’t vary much 
(see Appendix X). It is only when a stroke isn’t recognized that the time from the 
beginning of the first stroke until the completion of the last stroke differs. Instead of 
investigating the time it takes to do the selection, it would be of interest to calculate the 
time it takes for the user to decide what strokes to do, in other words to measure how 
long it takes for the user to recall where the current selection is positioned and how to get 
there. But as seen in the results a user doesn’t always know the end position when the 
first stroke is initialized so to locate where in the process the recall takes place can be 
difficult. The following different processes between the task presentation and the 
completion of the task exist. (see Figure 10) 
 
 
 
Process 1. 
 
 
 
 
 
 
Process 2. 
 
 
 
 
 
 
Figure 10. Selection process 
 
 
 
It would also be of interest to do a more extensive study with more test subjects. Then the 
subjects could be divided into groups to do comparative studies. For example letting one 
group use a map as it was done during the usability testing and letting one group only get 
information about the combination of gestures to make selections. Comparing the results 
could then show if and how much help the map gave the users. It would also be 
interesting too let different groups perform the test steps in different orders. One group 
might, for example, do the experiment with the text information first and then the 
experiment with the map. This comparison could separate the learning gains from the 
map gains. The usability test shows what type of errors that the users make even though 
there is too few test subjects to get a complete view of the statistics over the existence of 
these errors. A more extensive study will be needed for this purpose as well.  
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recalled 
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completed 

Task  
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Stroke 1 Stroke 2 Task 
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7. Conclusions  
 
 
In this work the possibility of using a TabletPC as an interaction device for virtual 
environments has been explored. Several interaction methods have been developed to 
deal with interaction tasks such as value manipulation and selection. The methods have 
been developed to suit a pen-based interface and the special features of the pen have been 
taken under consideration. Fluid motions in the form of gestures and direct text input 
have been used instead of discrete taps that are often used in traditional mouse and 
keyboard interfaces. Instead of basing the interface on specific locations on the screen 
directions have been used. 
 
The developed methods include a 2D menu system where the user navigates with 
gestures that are chosen to help the spatial way of thinking. In this work these gestures 
are reused for tasks of selection between options. Value manipulation methods were 
developed, these can be divided up into two categories; direct text input of values that are 
stored by directional gestures, and value manipulation with the use of ”sliders”, where 
relative changes of position in defined directions, manipulated values in a single fluid 
motion. 
 
Evaluation showed that it is possible for users to handle the tablet without looking down 
at it. The users could differentiate between at least 8 different directions and with the help 
of a cognitive map, navigate through a menu without visual guidance. 
 
There are some tasks that because of time constraints lies outside the scope of this work, 
but that would be interesting to study deeper. For example would it be good to do a full 
evaluation of the value manipulation methods to see if there are any methods that are 
more intuitive than others. It would be interesting to do further exploration of the 2D 
menu system to see if there are any limitations in size etc.  
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Appendix A. Information about the Tablet PC  
 
The Tablet PC is a computer that has the capability to use a pen as an input device to use 
directly on the computers screen, the tablet. The keyboard can be disconnected enabling 
the user to carry the tablet in one hand while using the pen with the other.  
 
The pen and tablet interfaces in this project were programmed in a .NET environment 
using C# and an additional TabletPC API. An important feature of the TabletPC API that 
was used in this project is the inkPicture, an object from the Tablet API that can collect 
ink from a pen. The ink can then be accessed as individual strokes or connected to a 
recognition object to receive the text that the ink corresponds to or as a third option 
recognize the strokes as gestures. The pen input is treated in different ways depending on 
what mode the inkPicture is set to. For more information regarding the TabletPC API I 
refer to the Tablet PC API Reference at: 
 
http://msdn.microsoft.com/library/default.asp?url=/library/en-
us/tpcsdk10/lonestar/unmanaged_ref/tbidxmainreference.asp 
 

Technical specifications 
 
Tablet Name: ISD V4 
HardwareCapabilities: Integrated, HardProximity 
MaximumInputRectangle {X=0,Y=0,Width=21240,Height=15980} 
 
PacketProperty that are Supported: 
    NormalPressure 
        Max: 255 
        Min: 0 
        Resolution: INF 
        Units: Default 
    PacketStatus 
        Max: 8 
        Min: 0 
        Resolution: 0 
        Units: Default 
    TimerTick 
        Max: 2147483647 
        Min: 0 
        Resolution: 1 
        Units: Default 
    X 
        Max: 21240 
        Min: 0 
        Resolution: 2574,545 
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        Units: Inches 
    XTiltOrientation 
        Max: 127 
        Min: -127 
        Resolution: INF 
        Units: Default 
    Y 
        Max: 15980 
        Min: 0 
        Resolution: 2582,417 
        Units: Inches 
    YTiltOrientation 
        Max: 127 
        Min: -127 
        Resolution: INF 
        Units: Default 
 
The pen that was used however had a constant XTiltOrientation and YTiltOrientation of 
zero. Having a pen that could send this information would give more interaction 
possibilities such as using the pen as a joystick. 
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Appendix B. Individual user testing results 
 

Test person 1: 
 
Value manipulation: No errors were made. Initial mistake not to press down the button 
when doing gestures. 
 
Selection with map: One error of direction but interrupted after half and corrected the 
mistake. There was a problem with registration of pen input on two occasions. The map 
on the separate screen was the most used one. The user felt that it was faster and more 
intuitive to use that one instead of the map on the tablet where you have to look down 
since the directions for the next task was displayed on that screen. The map on the tablet 
was used a few times for feedback to check if the last gesture was the correct one. But 
this map was not used for orientation. 
 
Selection with text only: The user made one selection error. The text was used in the 
beginning to check one subgroup (Colour) but the user navigated from memory after that. 
 
Selection without visual guidance: One error of direction was corrected. The user 
remembered the final position for the selection task and made way through the hierarchy 
in terms of position and direction, not remembering a certain gesture combination. 
 
Comments: the map was a good tool and studying it beforehand created a mental map 
that was used during the navigation. The user experienced fatigue in the arm.  
 
 

Test person 2: 
 
Value manipulation: No errors were made. 
 
Selection with map: One error of direction was made. Two stokes that didn’t register on 
the tablet. User found it easy to use the map and focused solely on the map on the 
external screen. This was easier because that way there was no need to switch focus by 
looking down. 
 
Selection with text only: The user made two errors. The text wasn’t used because the user 
felt confident on the positions of the selectable options. The user felt that it was quicker 
to try the alternative that he thought was the correct one and in case of error redo the task 
instead of looking down on the tablet.  
 
Selection without visual guidance: No error was made. Two stokes wasn’t registered by 
the tablet. The user felt that this was the fastest alternative. After practicing on the other 
two tests the locations of all the selectable options was known by heart and the aspect 
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slowing down the selections was the notion that the tablet wouldn’t register the strokes if 
they were made too fast. 
 
Comments: When seeing the next task, for example “Pentype: Thin”, the user focused on 
the selectable, in this case the word “Thin”, and positioned it in the correct initial 
direction, here the direction of “Pentype”, thereafter thought of the final placement. In 
this way each task was done in steps taking one thing at a time. This means that the user 
doesn’t have to have all final positions in his mind at all times, there is a possibility to 
recall the directions needed at a certain step, the current position in space. The user felt 
that the pen was easy to use and that there was a clear logic to what gestures should be 
used. The map was seen as good tool for remembering the alternatives. No fatigue was 
experienced.  
 
 

Test person 3: 
 
Value manipulation: Two errors due to faulty recognition of number input. User thought 
that the direction “left” was the hardest one to get correct. This because the tablet is 
slightly rotated when held so the natural left is a few degrees to the bottom left corner. 
  
Selection with map: Four strokes weren’t detected. Two selection errors were made. The 
user felt that selection was made easier by looking at the map on the tablet because there 
was an instant feedback there with the red line, but that there was an inconvenience with 
using this map since the user had to look down and then up again when it was time for 
the next task. The most difficult selections were the ones that used two straight lines in 
the same direction. 
 
Selection with text only: One error was made. One stroke wasn’t detected. The user 
thought that this approach was easier than the previous one because the user now had the 
map in his head and just had to look at the task description on the separate screen. The 
user used some of the selectables as fixed anchor points that worked as reference points 
for the other selectables. The words on the tablet were used in the beginning and when 
the user didn’t know if a stoked had been detected. Then he could locate himself and see 
if it was the first or second stroke that was missing. 
 
Selection without visual guidance: Three registration errors. The user visualised where 
the final position of the task was and used the mental map to get there.  
 
Comments: The user thought that if would be useful to have location info on the separate 
screen to use when strokes weren’t detected. He found it easy to navigate with the 
gestures as directions and thought that it was good not to have to learn the gesture 
sequences for all the selections.  
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Test person 4: 
 
Value manipulation: One error was made were the value didn’t get transferred to the 
correct position. The cause was that the end of the stroke was outside the inkPicture. 
  
Selection with map: No errors were made. The user didn’t need to look at the map in the 
end since the map was by then memorized. It was the map on the separate screen that was 
used, the user thought that was the most comfortable map to use.  
 
Selection with text only: One stroke wasn’t detected. In the beginning the user looked 
down. 
 
Selection without visual guidance: No error. The user had the map in her mind and 
thought of it as being present inside the tablet.  
 
Comments: The user thought the gestures were easy to use and thought of them as a 
navigation aid for navigation on the map hidden inside the tablet. 
 
 

Test person 5: 
 
Value manipulation: The user had trouble with the number 5 that didn’t get recognized as 
number five. This problem lies within the recognizer. There was one error where the user 
forgot to press down the button when sending the number. 
  
Selection with map: There were no errors made and only looked at the map on the screen. 
The user thought it would be foolish to look down on the map on the tablet because you 
then have to look up and down and up again. It is easier to stay focused at a single screen.  
 
Selection with text only: No errors were made and the user didn’t look down on the tablet 
for the text information. When presented with a task the user look at the first word, for 
example “Pentype” and after that the second word “Spraycan”. The direction of the first 
stroke came from the first word and sometimes if the user didn’t remember the direction 
of the first word at once the second word could help with that since the user had the 
structure of the map in his mind. 
 
Selection without visual guidance: There were no errors made. Sometimes the user didn’t 
know the final position of the selection until the first stoke was made. The user could 
move in the first direction and then see the map of that particular are more clearly and 
from there make the last stroke to move to the final position.  
 
Comments: The user was thinking in directions and thought the gestures were easy 
symbols to travel in those directions. The user is left handed and thought that it was an 
inconvenience that the hand carrying the tablet covered the air slots for the tablets cooling 
system. 
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Test person 6: 
 
Value manipulation: One error was made. The recognizer didn’t recognize the number 
one. Instead it was translated into the letter “l”. The user felt it easy to press the button to 
do the gestures. 
  
Selection with map: No errors were made. The user was looking at the map on the tablet 
for the first half of the test. The red lines were helpful to see were in the selection process 
the user was currently in and looking down on the tablet helped the user to stay inside the 
gesture area. During the second half of the test the user was instead focused on the map 
on the external screen. The orientation was easier after a while and the user found the 
strokes easy to make. 
 
Selection with text only: The user made one error of direction and found selection with 
text more difficult than selection with the map. In the beginning the user looked down on 
the tablet but after a while was the positions memorized. 
 
Selection without visual guidance: One error of direction was made and one stroke 
wasn’t detected. The user found it easy to do the selections and thought that the options 
that required two strokes in the same direction were the easiest to remember. When 
presented with a task the use read both words and instantly knows the first stroke to 
make, what box to go to. The second word required more thought.  
 
Comments: The user didn’t experience any fatigue. When making selections the user 
thought of the map and how to move in the map. The user thought of the parts in the map 
as separate rooms shown from above and the strokes as moving through doors between 
the rooms.  
 
 

Test person 7: 
 
Value manipulation: No error was made. 
  
Selection with map: On stroke wasn’t registered. The user used both maps, the one on the 
tablet and the one on the external screen, depending on what selections were to be made. 
The user preferred the external map for the items on the top half of the map since the 
presented tasks where shown near this mart of the map. The map on the tablet was a good 
aid if the user wanted to see if the strokes had been registered.  
 
Selection with text only: No errors were made. Selection with text only made it harder for 
the user to orientate. The user thought that the strokes were easier to draw and followed 
the lines on the tablet screen. It felt better to draw long strokes now because the lines on 
the tablet invited for bigger strokes. The user looked on the tablet for all the tasks. 
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Selection without visual guidance: One error of direction was made. The user thought it 
was easier than expected. During the selections the user looked down on the tablet to 
visualize the map inside it. 
 
Comments: The user experiences some fatigue in the arm. 
 

Test person 8: 
 
Value manipulation: No errors were made. The user felt that numbers consisting of two 
part, number that are written with more than one stroke, were more difficult to draw since 
the was a risk of moving the pen in the air between the strokes resulting in a faulty 
written number. 
  
Selection with map: No errors were made. The user used the map on the tablet to be able 
to start each stroke in the centre on the inkPicture. 
 
Selection with text only: No errors were made. The user thought it was easier this time 
since the locations of all the items had been memorized. Even though the user knew 
where to go he looked down on the tablet.  
 
Selection without visual guidance: No errors were made. The user looked on the external 
screen all the time, tried not to think too much and only use the map in his head to 
navigate. The user thinks in directions and thought it was easy to feel the movements 
with the pen and remember the directions. 
 
Comments: When presented with a task the user read the second word first. The user 
thought the strokes was a natural and easy way of navigation. No fatigue was 
experienced. 
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Appendix C. Tasks 
 
 
Pentype: Thick 
 
Pentype: Thin 
 
Pentype: SprayCan 
 
Pentype: Thick 
 
Pentype: Thin 
 
Pentype: SprayCan 
 
Colour: Yellow 
 
Colour: Black 
 
Colour: Green 
 
Colour: Yellow 
 
Colour: Black 
 
Colour: Green 
 
Shape: Triangle 
 
Shape: Free 
 
Shape: Square 
 
Shape: Triangle 
 

Shape: Free 
 
Shape: Square 
 
Mode: Erase 
 
Mode: Select 
 
Mode: Paint 
 
Mode: Erase 
 
Mode: Select 
 
Mode: Paint 
 
Pentype: Thick 
 
Colour: Yellow 
 
Shape: Triangle 
 
Mode: Erase 
 
Colour: Black 
 
Shape: Square 
 
Pentype: Spraycan 
 
Mode: Select 
 

Mode: Paint 
 
Shape: Free 
 
Colour: Green 
 
Pentype: Thin 
 
Pentype: Thick 
 
Colour: Yellow 
 
Shape: Triangle 
 
Mode: Erase 
 
Colour: Black 
 
Shape: Square 
 
Pentype: Spraycan 
 
Mode: Select 
 
Mode: Paint 
 
Shape: Free 
 
Colour: Green 
 
Pentype: Thin 
 

 
 
 
 
 
 
 


