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Abstract

Creating digital 3D models requires significant time and
effort, even by experienced users. Tools such as 3D mice,
motion capture cameras, and graphics tablets can make the
creation process less tedious, but are generally not available
to the average person.

In this thesis I introduce Flying Colors - an application
prototype for tablet computers, that lets the user create
3D sketches (simple 3D wireframe models) using a novel
multitouch interface.

This thesis covers the iterative process of designing and
developing Flying Colors, as well evaluating it, using vari-
ous evaluation methods.

The final user study consists of a modified version of
Pictionary, in which SketchUp is used as a point of refer-
ence, to measure the performance of Flying Colors. On av-
erage, it takes about the same amount of time to complete
a task with Flying Colors, as with SketchUp. However,
the Flying Colors data has a lower standard deviation, sug-
gesting a more consistent performance. This reflects the
subjective user feedback, which generally points towards a
positive user experience with Flying Colors.



Referat

Flying Colors: i riktning mot naturligare och
mer intuitiv 3D-modellering

Att skapa digitala 3D-modeller kan vara médosamt och
tidskravande, till och med for vana anvindare. Skapande-
processen kan underldttas med verktyg som 3D-mdss, Mo-
tion Capture-kameror och ritplattor, men dessa &r normalt
inte tillgdngliga for vanliga anvindare.

I den hér rapporten presenterar jag Flying Colors - en
programprototyp for surfplattor som later anvindare skapa
3D-sketcher (enkla 3D-wireframe-modeller), med hjélp av
ett nytt multitouch-granssnitt.

Den hér rapporten behandlar den iterativa design-, utvecklings-
och utvirderingsprocessen som lett fram till Flying Colors.

Den slutgiltiga utvarderingen bestar av modifierad ver-
sion av Pictionary, dér SketchUp anvinds som en referens-
punkt, for att méta prestandan hos Flying Colors. 1 ge-
nomsnitt tar det ungefar lika lang tid att fullfélja en upp-
gift med Flying Colors, som med SketchUp. Statistiken for
Flying Colors har dock en lidgre standardavvikelse, vilket
tyder pa en jamn prestanda. Det stimmer vil 6verens med
anviandarnas aterkoppling, som generellt sett tyder pa en
positiv anvindarupplevelse med Flying Colors.
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Chapter 1

Introduction

1.1 Background

Creating digital 3D models requires significant effort. There exist many available
methods of interaction and applications dedicated to this task. Nevertheless, making
an understandable digital representation of even fairly simple geometric objects
requires considerable skilled work. There are tools that help make 3D modeling
more intuitive, such as 3D mice, motion capture cameras and graphics tablets, but
these tools are typically not available to the average user and are not necessarily
ready-at-hand for the expert. New and effective ways for creating and navigating
simple 3D sketches on available platforms could be useful in various areas, including
rapid 3D prototyping in product design, city planning, education, and art.

1.2 Research question

What is a suitable interaction design for an intuitive and natural 3D line sketcher,
on a tablet computer?

1.3 Project goals

The aim of this thesis is to create a natural and intuitive 3D line sketcher for tablet
computers. The process will include designing and developing a working prototype
and evaluating, using partially novel evaluation methods. In this thesis, we define a
3D sketch to be a hand-drawn digital 3D model. The 3D sketches of this thesis only
consist of wireframe models, i.e. no surfaces, and are therefore sometimes called 3D
line sketches. The outcome of the thesis is a new way of 3D modeling, created with
the ambition to provide an experience that is natural enough to allow anyone, even
novice users, to communicate their modeling ideas and concepts with relative ease.
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CHAPTER 1. INTRODUCTION

1.4 Delimitation

The aim of this thesis is a simple 3D line sketcher that creates 3D wire-frame models
with the only editing capibility of adding and deleting one wire at a time. Outside
the scope of this work are, among other techniques, surfaces, shaders, lights, ma-
terials, animations, complex editing, special effects, atmospheric effects, functional
modeling, and importing, exporting, saving, and loading of models. The intention
is to create a minimal and intuitive interface for easily communicating 3D concepts
and ideas, early prototyping, art, and recreation.

1.5 Statement of collaboration

This thesis project has been intricate in a collaborative sense. From the beginning,
there was an overall idea of a project to explore 3D-drawing. Three students, Max
Roth, Fredrik Hellstrom, and I decided to explore this matter in a collaborative
effort. As the thesis project was formulated, we distinguished ourselves from each
other by defining our own scope and aim of our theses. As the theses progressed,
we collaborated on different parts of our projects. The collaboration extended
from discussing problems to planning and executing user evaluations, while the
direction and outcome of the theses differ in nature. Roth designed, developed, and
evaluated an augmented reality 3D sketching application - AiRquill - which lets the
user draw freely in the air, using a smartphone and fiducials. Hellstrom focused
on evaluation methods and collaborative aspects of 3D drawing applications. 1
designed, developed, and evaluated a different 3D sketching tool - Flying Colors
- which uses a multi-touch touchscreen on a tablet computer to allow the user to
produce 3D sketches.
In the mutual project, the division of labor was as put in table

Fredrik Hellstrom Joakim Rasmuson Max Roth

AiRQuill v’
Flying Colors v’

Collaborative design v’

Pilot evaluation v’ v’ v’

User evaluation
((design, execution
and analysis) v’ v’ v’

Table 1.1. Division of labor in the project.

1.6 Structure of thesis

Related projects and papers are presented in chapter (related work), as well as how
they relate to this thesis. In chapter [3| (system architecture), I present the system
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1.6. STRUCTURE OF THESIS

that I have developed during this project. The focus is interaction design. In chapter
(methods), I present the methods that I have used, for designing and developing
a prototype, and for evaulating it. In chapter |5| (results), I present the results
generated by the different stages of evaluation. The results are discussed in chapter
@ (discussion and conclusions). In the same chapter I present my conclusions. My
recommendations for future work, based on the results of this thesis, are presented
in chapter |7 (future work). The bibliography is a complete list of the literature
used or discussed in this thesis. Appendix A contains complementary data.






Chapter 2

Related work

This area of research is far from untouched. Before truly getting started with the
design and development of Flying Colors, there were a lot of articles to read. Many
of the projects I found strive to create a natural way for people to do 3D modeling,
but the means of getting there differ a lot. In this section I discuss some of the work
that I found to be most relevant to this thesis.

2.1 Space of related work

The papers and projects have all been placed along with this project on a graph
with two axes (figure [2.1): availability and naturalness. This is to give a better
image of how this project relates to other similar projects, and how it differs. The
placements have been made by me, and should be considered approximations.

2.1.1 Axis: Availability

A factor of great importance for this project is the availability of the methods and
technology that it uses. There is technology out there today along with immersive
methods that could provide users with very natural experiences, perhaps more so
than what one can hope to achieve with a tablet computer. However, even relatively
cheap products, such as 3D mice are generally not found in average consumer homes.
Tablet computers are relatively cheap and have a wide field of use. It is a product
that many consumers already have in their homes or in their workplace. In a sense,
the tablet computer is available to the average consumer, while the 3D mouse, in
spite of its affordability, is not. The methods that can be made to work on tablets,
using nothing or little but these devices, have the possibility of reaching the masses.

2.1.2 Axis: Naturalness

This axis takes factors such as intuitiveness and simplicity into consideration, how
easy it is for the user to express his or her ideas. For the tasks related to this,
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Figure 2.1. Space of related work

project a method of full naturalness would be one that lets the user draw directly
in the air (which is not far off for some of the less available technologies).

2.2 Papers and projects

2.2.1 Jankowski et al.: A Survey of Interaction Techniques for
Interactive 3D Environments

Jankowski et al. presents a recent state of the art review of non-immersive interac-
tion techniques for Navigation, Selection & Manipulation and System Control [I].
The techniques vary from almost completely non-immersive methods such as Nav-
igation by Query and Bookmarked Views, to partially immersive ones like touch
interfaces for rotation.

2.2.2 Keefe et al.: Drawing on Air: Input Techniques for Controlled
3D Line lllustration

Semi-immersive method for 3D drawing [6]. The gestures are made using haptic
devices in front of a screen and the result is shown behind on a screen. Therefore



2.2. PAPERS AND PROJECTS

the drawing is separate from the gestures. One of the main goals of the project is
to create interactions techniques for more controllable 3D line drawing, that can
be used also at stages beyond a prototype phase. This is achieved by explicitly
controlling the direction or tangent of the line, a method that might have a less
natural look to it, but gives good results.

The strive in this project seem to be very close to that of Flying Colors. The
haptic device makes this method less available to general users.

2.2.3 Chen et al.: uTrack: 3D Input Using Two Magnetic Sensors

uTrack uses magnetic field sensing to convert the hand into a 3D input system [7].
Using a permanent magnet affixed on the user’s thumb and two magnetic sensors
on the hand, the system can register the relative position, direction and orientation
of the thumb at any time, with an error of less than 5 mm.

uTrack is an input device, not designed for one specific purpose. But it might
be interesting to try it for 3D drawing.

2.2.4 Chopra et al.: Condroid: using an android phone as a 3D input
device for a multiuser 3D drawing application setup in a
collaborative virtual environment over the web

With ConDroid multiple users can share a three-dimensional canvas to collabora-
tively create a 3D drawing [10]. A lot of the focus of this paper is on the collaborative
aspect of the project but it also presents some interesting methods for manipulating
3D objects using the sensors of the Android device. The 3D models are not explic-
itly designed by the users, but loaded from a list of available 2D and 3D shapes and
then manipulated.

The main difference from Flying Colors is the use of predefined shapes.

2.2.5 lgarashi et al.: Teddy: A Sketching Interface for 3D Freeform
Design

Teddy is a 3D sketching interface for quickly and easily designing models such as
stuffed animals and other rotund objects [9]. The user draws in 2D and the system
interprets and inflates the drawing into 3D. The system uses a stylus on a screen.

This method could easily be made available to general users today, using a tablet
computer. It’s an accessible way for anyone to create 3D, which is also the goal for
Flying Colors. But techniques are a bit different. Flying Colors gives more direct
control to the user, for better or worse. Teddy interprets the user’s 2D commands,
and makes them into 3D.

2.2.6 Rhonda

Rhonda is a 3D drawing tool created by Amit Pitaru [II]. There is not much
information available about the tool but the video on the project website suggests
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that it uses a graphics tablet with an integrated screen and a pen for drawing and
a trackball mouse for navigation.

Rhonda is the main source of inspiration for this project. What I originally
wanted to do with Flying Colors was to make this technique (or a version of it)
available to the general public, using available technology.

2.2.7 Sachs et al.: 3-Draw: A Tool for Designing 3D Shapes

3-Draw uses two six-degree-of-freedom input devices, one for each hand, to let the
user draw in 3D [8]. The user can translate and rotate the objects of the virtual 3D
scene with one input device, while the other device which has the form of a stylus
can be used to draw and edit.

3-Draw differs from Flying Colors, in that it requires single-purpose controls to
work. It also has more features for editing the drawing, making the results more
refined.

2.2.8 Schkolne et al.: Drawing with the Hand in Free Space

This project has a seemingly intuitive approach to 3D modeling [5]. Unconstrained
3D modeling in free space using tracked polarized glasses, a special surface display
and a tracked glove.

The paper states that the medium primarily is suited for organic shapes, and
not flat planes, hard edges and precise symmetries. For industrial concerns, the
medium is not yet suitable for shapes beyond the prototype phase. This technique
is, in that sense, similar to Flying Colors. But fundamentally, the two projects differ
a lot. Flying Colors is not embodied to the same degree.

2.2.9 Osaki et al.: Direct-Manipulation Interface for Collaborative 3D
Drawing in the Real World

The team behind this project have used a see-through head-mounted display and
a special drawing tool to draw in an augmented reality [3]. They’ve also created
some gestures and commands for editing and removing lines, picking colors, and
even picking up the virtual objects and throwing them around in augmented reality
space.

Multiple people can interact in the same augmented reality, experiencing each
others creations or just playing catch with virtual objects. Judging from the eval-
uation section of the paper it seems like the users were quite immersed during the
tests.

This system provides an embodied experience using single-purpose equipment,
which makes is fundamentally different from Flying Colors, on a technological level.
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2.2.10 Project Tango

Project Tango was started with the goal to give mobile devices a human-scale under-
standing of space and motion [I3]. From collaborations with universities, research
labs and industrial partners from all over the world the team behind Project Tango
has gathered technology and knowledge to try and make mobile devices more aware
of their location, orientation and surroundings.

This technology could potentially be very useful for future 3D drawing applica-
tions, as well as for many other purposes.

2.2.11 Gravity Sketch

Gravity Sketch uses a stylus, a transparent tablet and glasses to let the user draw
3D sketches in augmented reality [I4]. The user draws on the flat surface of the
tablet, and then has the possibility to translate and rotate the drawing in 3D using
the controllers on the tablet.

This system is very close to what I’'m trying to accomplish on a tablet computer.
With their single-purpose device they have been able to avoid many of the problems
that I've faced, while developing Flying Colors.

2.2.12 Tilt Brush

“Tilt Brush is a Virtual Reality Tool that paints the Space all around you” [15].
The concept is similar to that of Flying Colors. The user draws in 2D on a 3D plane
that can be moved around the virtual 3D world. Tilt Brush has a lot of functionality
that Flying Colors (at its current state) doesn’t, e.g. different brushes, light effects,
and means of sharing the sketches.

Tilt Brush uses the Oculus Rift to present its virtual reality to the user.

2.2.13 3Doodler

The creators of 3Doodler are calling it “the world’s first 3D printing pen” and it is
basically a pen with which you can draw in the physical space in front of you [12].
The pen melts strands of plastic with which you draw. The plastic cools rapidly
once it’s outside the pen, to create physical structures.
This product achieves physically what I'm trying to accomplish virtually.

2.2.14 SketchUp

SketchUp is a 3D modeling application for Windows and Mac OS [16]. There
is a free version of SketchUp - SketchUp Make, and a paid version - SketchUp
Pro. There is also an online repository of free-of-charge 3D models. According
to SketchUp’s website, "SketchUp is synonymous with friendly and forgiving 3D
modeling software".
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Figure 2.2. The SketchUp Make interface

As of Septemeber 2009, over one million people use SketchUp every week [17],
according to John Bacus, the SketchUp Product Manager at the time.
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Chapter 3

System architecture

The actual 3D line sketcher is the core of this project. It has gone through several
development cycles, and it has been tested using various evaluation methods. In
this chapter I will give a detailed description of how the final version works.

Note: The final version is still a work in progress, as the future work section
will show, but it is the version that was used in the final evaluation stage of this
project. It will be called the final version in this report, but it is to be considered
a prototype.

Figure 3.1. Drawing of a cube made in Flying Colors

3.1 Short description of Flying Colors

Flying Colors is a 3D line sketcher, i.e. a 3D modeling application for creating,
editing, and viewing simple 3D wireframe models. 1 have created it with the aim

11



CHAPTER 3. SYSTEM ARCHITECTURE

that anyone should be able to use it, to easily communicate their ideas and concepts
into a virtual 3D world. The interface is minimalistic. In the center of the screen
there is a big cube, with a plane intersecting it. Other than that, the interface only
contains a few buttons for navigation, viewing options, and tools such as clear and
undo. The most significant interaction is done with touch gestures.

The cube in the center is the canvas for the user to draw on, or in. The plane
that intersects the cube is the drawing plane. When the user draws on it with one
finger, line segments are added to the 3D sketch, much like when a pen is dragged
across a piece of paper. The difference is that the lines in Flying Colors also have
depth. The depth is decided by the position of the drawing plane. The drawing
plane can be moved back and forth.

An important feature is rotation. Not only does this allow the user to see the
sketch from different perspectives, but it also automatically repositions the drawing
plane. The drawing plane will always be facing the camera.

3.2 Interaction design in detail

3.2.1 Interface

The following is a complete description of all the GUI elements of Flying Colors,
shown in figure (3.2

1. A segmented button which can be used to switch between perspective and
orthogonal projection.

2. Buttons that rotate the cube 90 degrees in the directions up, right, down and
left, respectively. The center finds the closest right angle and rotates the cube
so that it faces the camera straight on.

3. Depth slider. This is used to move the drawing plane back and forth. Upon
touching it the camera will automatically rotate 90 degrees to the side, showing
the cube and the drawing plane from the side. The rotation resets upon release
of the slider. Both rotations are animated.

4. A segmented button that is not to be confused with navigational buttons that
rotate the cube. These rotate the camera, showing the cube and the drawing
plane from the side. The user can’t draw when it is set to Left or Right. This
is for fine-tuning the position of the drawing plane.

5. Undo. Removes the most recent line.

6. Clear all. Removes the whole drawing.

7. Opens up a menu where the user can choose between different colors.

12



3.2. INTERACTION DESIGN IN DETAIL

4 o

m ortno

Figure 3.2. GUI elements of Flying Colors

3.2.2 Touch gestures

Drawing

Dragging one finger across the drawing plane, within the bounds of the cube, will
result in drawing and adding to the model.

Rotation

One-finger dragging that starts outside the cube will rotate the cube and the whole
drawing (figure [3.3)). The rotation is always based on the coordinate system of the
camera, not that of the cube. All rotations are centered at the point in front the

13



CHAPTER 3. SYSTEM ARCHITECTURE

Figure 3.3. Gestures for rotation about the X and Y axes

camera, to keep the cube there. Dragging a finger vertically rotates about the X
axis (pitch), horizontally rotates about the Y axis (yaw). To rotate about the Z axis
(roll), the user need to use a twist or rotate gesture with two fingers, i.e. placing
two fingers on the screen and rotating them (figure .

Figure 3.4. Gestures for rotation about Z axis

Translation and zoom

The user can zoom into a specific part of the drawing by using a pinch gesture,
commonly used in image viewers with touch interface. This is done by placing two
fingers on the screen and moving them towards or away from each other.

Sideways translation (parallel to the drawing plane) can be achieved with two-
finger panning gestures, moving two fingers on the screen in the same direction.

14



3.2. INTERACTION DESIGN IN DETAIL

Figure 3.5. Gestures for translation and zoom

3.2.3 Drawing plane and coloring

The drawing plane (depicted in figure is an important element of this software.
It was one of the first features to be implemented, and it hasn’t changed much
through the development. The plane in itself is invisible but the intersection of
the plane with the cube is marked, to show the user where he or she is drawing.
The colors of the line segments of the drawing change depending on their positions
relative to the drawing plane and the camera. Line segments in front of the draw-
ing plane (between the camera and the drawing plane) have a darker shade than
those behind it, and are visible more clearly (against the white background). Line
segments that intersect the drawing plane are highlighted.

Behind drawmg plane

Infrontof _|_—
drawing plane

Intersectlng (marked green)

/

Figure 3.6. Drawing plane

There is also a fog effect that makes the line segments in the back less clearly

15
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visible. This is to better communicate depth to the user.

3.2.4 Presentation

The final prototype does not give any clues or suggestions to what the user should do
with the software. There is no tutorial or guide. During evaluation of the prototype,
its purpose and the tasks were presented to the users by me.

3.3 Under the hood

The final version of Flying Colors was developed using the Xcode IDE on an Apple
MacBook. It has been tested on an iPad mini and an iPad 2, running iOS 6 and 7
respectively.

The 3D graphics are rendered using OpenGL ES 2 and the GUI elements were
created using the Apple interface builder. Most of the application code was written
in Objective-C. The OpenGL shaders were written in GLSL (OpenGL Shading
Language).

16



Chapter 4

Methods

This project can be divided into two main sections: one consisting of design and
development, and one consisting of evaluation. The various versions of the software
that has been developed, have continuously been evaluated throughout the project.
Early stages of the project consisted mainly of development but the focus shifted
as the project progressed and towards the end focus was entirely on evaluation.

4.1 Design and development

A lot of time and effort went into designing and developing the software for this
project. The basic functionality, such as rendering the 3D environment, and the
possibility to add 3D objects, was implemented at an early stage. Most of the
development time was spent experimenting with new interaction methods, since
the software was being designed and developed simultaneously.

4.1.1 Iterative design

Iterative design was applied during the development of the software. Feedback was
collected throughout the design and development process, by continuous formative
evaluation (described in the Evaluation section). The feedback helped in pointing
the design in new directions, with ideas for new interaction methods and features
to be implemented and tested. Much of the earlier functionality of the software has
been remade or discarded.

4.1.2 Target platform

The decision was made to use the iPad (specifically an iPad Mini) as the target
platform for this project. Functionality like multi-point touch screens, gyro, ac-
celerometer, and 3D graphics would all be required for this project, and the iPad
meets those requirements. Other tablets would have probably worked just as well
for the purposes of this project. Smartphones were discarded as candidates since
they might be hard to draw on comfortably, due to smaller screens.
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Objective-C is the preferred programming language for native iOS applications
and was therefore the main programming language for this project. OpenGL ES 2
was used for rendering with the OpenGL Shading Language (GLSL).

4.2 Evaluation

Evaluation made up a significant portion of this project. Throughout the design
process, continuous formative evaluation with a lot of subjective data affected the
direction of the development. At the end of the project, a comparative user study
was conducted, aimed at producing objective and subjective data, as results for this
project. In the user study SketchUp was used as a point of reference. These two
stages of evaluation were designed with different purposes, and therefore differ in
nature.

4.2.1 Target user group

One of the aims of this project is for users to be able to present their 3D concepts
visually, with little or no previous experience of 3D modeling. However, to be able
to present a concept, the user has to have an understanding of it, and therefore a
target user needs to have sufficient spatial intelligence. Extensive experience of 3D
modeling might create big gaps in the test data from user to user. Therefore the
test users will have little to no 3D modeling experience, but foster some kind of
interest in visual arts or design.

4.2.2 Formative evaluation stage: think-aloud protocol and
semi-structured interview

Various experts of HCI and computer graphics, as well as average users helped
in this stage of the evaluation. There were different elements to evaluate as the
prototype advanced, and therefore the details of the evaluation changed over the
course of this project. The general structure, however, stayed the same.

At the beginning of the evaluation, the users were introduced to the prototype,
its basic functionality and its purpose. After a few minutes of exploration the testers
were typically given a few exercises with incremental difficulty. Each exercise was
designed either to introduce a new concept, or to test a specific element of the
software. A smiley face was used to introduce drawing, a cube introduced the
third dimension, and a pyramid introduced non-right angles. For this part of the
evaluation the testers were instructed to think aloud. The purpose of this was to
study the performance of the prototype in the hands of potential users.

After trying out the software, the users were asked a few questions in a semi-
structured interview. The questions would be open, and differ between interviews,
but would generally concern the interface, the interaction methods, or the product.
The purpose of this interview was to gather the data that didn’t emerge in the
think-aloud protocol.
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4.2.3 Comparative evaluation stage: 3D pictionary and questionnaire

It is not a trivial task to gather objective data for interaction design. Summarizing
user feedback, trying to place the design on a scale between terrific and horrible
could be considered pointless, since these words will have a different meaning to
each user. A comparative evaluation gives both the testers and and the readers a
point of reference.

Three systems were used in this evaluation. Flying Colors was evaluated com-
paratively to SketchUp. The same tasks were performed on both systems. Another
3D line sketcher - AiRquill, by Max Roth - was evaluated, also comparatively to
SketchUp. That part of the evaluation will not be discussed in this thesis (read
more under Collaboration).

3D Pictionary

In 3D pictionary, the participants got to work in pairs, consisting of users A and B.
For each system they got an introduction, with a few minutes to get familiar with
the interface. After that, the 3D Pictionary began, first with user A drawing and
user B guessing, and then the other way around. There was no limit on the amount
of guesses. There were 18 participants in this user study, which made nine pairs.

The time it took for the observing user to get the answer right was recorded and
noted. That data is presented in the results section.

The objects that the participants were asked to draw were chosen based on
difficulty. The goal was to have a difficulty level which was as even as possible
between the different objects. Some objects were discarded after a pilot user study
for being either too difficult or too easy.

These are the six objects that were used for the final user study:

House Pyramid Table
Dice  Glasses Chair

Table 4.1. Tasks for final 3D Pictionary user study

Questionnaire

When the participants had tested all three systems, they were asked to fill in a
questionnaire. In the questionnaire, the participants got to place Flying Colors and
AiRquill on a Likerts scale compared to SketchUp, and then freely motivate their
choice. The questionnaire contained three sections: one for Flying Colors, one for
AiRquill, and one for the evaluation method itself. Only that of Flying Colors is
discussed in this report.
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SketchUp as point of reference

SketchUp has a lot of overlapping functionality with the software developed in this
project. Additionally, SketchUp is easy to use, free of charge, and available to
anyone. In that sense, it is "available" according to our definition. It also seems to
have a large user base, and could therefore be considered common. This, along with
its ease of use and availability, gives relevance to SketchUp as a reference point, and
the data of this comparative study.

Screening test

At the beginning of each test the participants were asked to draw a picture of a
Rubik’s Cube that was placed in front of them. The purpose of this was to identify
any participant with unusually low spatial intelligence. These participants would
not be considered target users and their results would be discarded.

Pilot user study

A pilot user study was conducted prior to the real comparative evaluation to assure
that all elements (3D Pictionary, questionnaire, etc.) of the evaluation would work
as intended, and to discover unforeseen difficulties that might occur. For the pilot
user study we recruited six participants.

Recruitment

The semi-structured interviews and think-aloud protocols of the formative evalua-
tion were conducted with both HCI and computer graphics experts, and average
users. The experts were mostly from the HCI department at KTH, but also from
the Interactive Institute in Norrképing. Average users for the formative evaluation
were recruited on the go (friends, family, or other students on campus). Their part
in this stage of the evaluation was less formal. There was no compensation for the
participants of the formative evaluation, other than the occasional cup of coffee.

24 participants were recruited for the comparative user study (18 for the final
study, and 6 for the pilot study). Most of these were students, since most of the
recruitment took place around campus. The participants were mostly recruited by
posting on local forums, and by talking directly to a few relevant classes at KTH.
But we also recruited from friends and family. Participants of the pilot study were
not allowed to participate in the final study. The compensation for participating in
the comparative evaluation consisted of cookies and hot and cold beverages.

Collaboration

This evaluation was conducted in collaboration with Fredrik Hellstrom and Max
Roth. Max Roth was comparing his application AiRquill to SketchUp and Hellstrém
was evaluating the evaluation method itself: 3D Pictionary.
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Results

5.1 Formative evaluation: think-aloud protocol and
semi-structured interview

This stage of the evaluation resulted in a lot of subjective qualitative data which
was taken into consideration during the development of the prototype. I conducted
user studies with various HCI and computer graphics experts, at different stages
of development, with different versions of the software. The data of this stage
of the evaluation is not as relevant to the final results of this project, as that of
the comparative evaluation. The main purpose of these results were to find new
directions for the development, but I will present a few points that were significant
to the current design of the software.

5.1.1 Gyro

An early version of Flying Colors allowed the user to rotate the drawing, by rotating
the actual device. I observed good results using this, through positive feedback
from participants. Other functionality was later implemented into the prototype,
which made the gyro functionality stop working. The plan was to reimplement this
functionality, but unfortunately there was not enough time. It was therefore moved
to the future work section.

5.1.2 Depth

Providing an accurate perception of depth on the tablet’s flat screen with mono-
scopic rendering proved to be the most challenging functional requirement of the
application. Virtually every test showed that users were having difficulty grasping
the depth at which they were adding to the drawing. As a result, I profusely experi-
mented with different techniques to visualise and navigate depth. These techniques
included drop shadows on a virtual ground, colors that change with depth, and
quickly rotating to the side of the drawing plane to show it’s position.
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5.1.3 Navigation and orientation

A touch screen is well-suited for navigating two-dimensional space. Translation,
rotation, and scaling are easily achieved with the pan, rotate, and pinch gestures.
However, the complexity of these transformations increases in three-dimensional
space. In 2D, objects can rotate about one axis. In 3D the number of axes is
infinite. Scaling and translation is also much more advanced and sometimes they
are easy to confuse. For example, many users confused translating an object towards
the camera, with making an object bigger.

Touch gestures is a great asset. Tapping, double tapping, panning, pinching,
two-finger panning, three-finger panning, etc. Three-dimensional navigation re-
quires many different operations to be complete so the large collection of available
gestures proved to be very useful. However, this had a downside. Every gesture I
added had to be understood and learned by the user. More gestures would mean
more freedom, but too many would defeat the purpose of this project, to keep
interaction simple and user friendly.

Early versions of Flying Colors didn’t limit the user to drawing within the unit
cube. The users would move around freely in 3D space, and scale up and down,
however much they wanted. Often, this resulted in the users getting completely lost,
or loosing their drawings, by making them too small or looking the wrong way. For
this, the possibility to reset the orientation of the camera was added. This didn’t
completely solve the problem, because the users often reoriented themselves, before
they started drawing. So resetting the orientation, didn’t take them to where they
thought they’d end up. In the end, it proved easier to limit the canvas to the unit
cube, and to set a limit to how much it could be scaled. Additionally, the camera
was made to always point at the center of the unit cube. This solved many of the
orientation-related issues.

5.1.4 Projection

At first, I chose to use a perspective projection for the camera of Flying Colors.
This was my design choice, to make the drawing stand out more, and look more
three-dimensional. This projection caused a problem. When a user tried to draw
shapes of the same size, behind each other (at different depths), they usually drew
one of them, moved the drawing plane backwards, and drew the other one, following
the lines of the first shape. An example would be, trying to draw the front and back
faces of a cube. This doesn’t work with a perspective projection, since the shape in
the back would end up larger than the one in the front. The possibility to switch
between perspective and orthogonal projection solved this issue. With orthogonal
projection, the shape which was drawn in the front, following the lines of a shape
in the back, would make for two shapes of equal size.
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5.1.5 Thinking in 2D

Many participants would sometimes disregard the 3D functionality entirely and
draw everything projected onto one plane, the way they would draw for example a
cube on paper. When they did this I sometimes asked them to rotate the drawing,
and often they were surprised to find out that everything was in one single plane,
even those who had had the concept of the drawing plane explained to them. One
participant said that he was “stuck in his 2D way of thinking”.

Some participants expressed that they expected the application to figure out
what depth they wanted, maybe by choosing the depth of the closest vertex. This
was never implemented, however, because I estimate it to be too big a task for this
project, interpreting what the users want to draw, and assist them.

5.2 Comparative evaluation: 3D pictionary and
questionnaire

5.2.1 Objective data: Time to complete

Table shows the task completion times of the 3D Pictionary. The clock started
when the drawing user received the task (a word on a piece of paper describing an
object) and stopped when the guessing user got the answer right.

This part of the evaluation was performed in pairs. All participants are anony-
mous in this report and will therefore be referred to as pair number-member, e.g.
l-a. 1-a means that member a of pair 1 drew the object, and member b of pair 1
guessed. The top, and bottom two values of each column are marked with an aster-
isk. These values are not included in the truncated mean and standard deviation.

It is not very interesting to look at separate rows of table [5.1I] because the tasks
varied throughout the experiment for each pair, and the order of the tasks differed
between groups. What’s interesting is to see the average times and the standard
deviations. Excluding the top two, and bottom two results, for both applications,
it took the participants 11:17 min (active time) to complete 14 tasks in Sketchup,
averaging in 48 s per task. The same number of tasks were completed in Flying
Colors in 11:20 min, with an average of 49 s per task. On average, it took almost
exactly the same amount of time to complete a task in Flying Colors, as it did in
SketchUp. However, if we look at standard deviation, we can see that the completion
times were significantly more disperse for SketchUp, than for Flying Colors. This
might indicate that, for the purposes of 3D Pictionary, the Flying Colors interface
is more consistent than that of SketchUp.

On the validity of the completion time data

The participants were instructed to try, to the best of their abilities, to make use of
the three-dimensionality of the three systems. The users were more accustomed to
projecting 3D objects onto 2D surfaces (such as drawing a cube on a piece of paper),
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Pair Member SketchUp Flying Colors

1 a 00:15%* 01:16
b 00:18 00:48
2 a 00:16 00:30
b 00:18 01:54*
3 a 00:43 01:17
b 02:50%* 00:25
4 a 01:00 00:40
b 00:25 00:12*
5 a 00:20 01:32
b 00:58 00:40
6 a 01:20 00:13
b 00:40 00:37
7 a 00:34 01:09
b 02:30 04:33%*
8 a 01:06 01:15
b 00:49 00:12*
9 a 00:15%* 00:25
b 02:42* 00:33

Table 5.1. 3D Pictionary completion times (mm:ss). Results marked * removed.

SketchUp Flying Colors

Truncated total 11:17 11:20
Included participants 14 14
Truncated mean 00:48 00:49
Truncated standard deviation 00:36 00:25

Table 5.2. 3D Pictionary completion time summary (mm:ss)

than to actually draw in 3D. For each system, it would have probably been easier
to complete the tasks drawing in only one plane, i.e. not making use of all three
dimensions. However, that would have made the data useless, since it wouldn’t have
been the tasks that the systems were designed for. The instructions to try to use
all three dimensions are not very clear, and might have been interpreted differently
by each participant. This might have affected the results.

Additionally, and as stated earlier, this user study was conducted in collabo-
ration with Fredrik Hellstrom and Max Roth. AiRquill, an application developed
by Max Roth, was also being tested comparatively against SketchUp. The original
results for 3D Pictionary also contain a column with completion times for AiRquill,
but this has been omitted in this report.

24



5.2. COMPARATIVE EVALUATION: 3D PICTIONARY AND QUESTIONNAIRE

5.2.2 Questionnaire
Results in likert scale format

On a scale from strongly disagree to strongly agree the users were asked to fill in
their level of agreement with this statement: “I found that Flying Colors worked
better for playing 3D Pictonary than Sketchup.” The results are shown in figure
5311

gly disagree:

Disagree:
2.0

Figure 5.1. Likert scale - participant replies: I found that Flying Colors worked
better for playing 3D Pictionary than SketchUp.

User comments and the Grounded Theory Method

The participants were asked to comment on their choices on the Likert scale, and
additionally, to comment on Flying Colors in general. I used the Grounded Theory
Method to identify significant themes in the data [I8]. The three themes consist of
geometry, interaction, and user experience. These themes along with some of their
respective data are presented here. Some of the sentences were originally written
in English. Some have been translated from Swedish into English by me. This
section only shows a selection of the data, which I found representative. The data
is presented in its entirety in appendix A.

The three themes, along with their respective words and word occurrences are
presented in table The Grounded Theory Method can of course be very
subjective when it comes to selecting themes. I found these themes to be fitting,
based on the word occurrence rates, but someone else might identify other themes.
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However, I do not present these themes as results. They are means for categorizing
the collected subjective data, and for starting a discussion.

Geometry Interaction User experience
3d 7 draw 13 like 7
shapes 6 drawing 11  good 7
lines 5 easier 10 fun 6
depth 5 easy 5  liked 4
plane 4 mouse 4  learn 4
space 3 simple 3 Dbetter 4
freedom 3 fingers 3

fast 3

buttons 3

Table 5.3. Grounded Theory themes, words, and word occurrences

Theme: geometry Based of the quotes below, it seems as though many of the
users want predefined geometric shapes. Maybe some users find it hard to start
from nothing, and would prefer to start with a predefined shape, and modify it to
their liking. However, there are also positive comments about the way geometry is
created with Flying Colors.

“Both [Flying Colors and SketchUp| were good, but their strong points
lay in different parts. Flying Colors were, after a minute of learning,
logical and more fun to use because you got more freedom to draw more
varying shapes than SketchUp.”

“Predrawn shapes did it easier to draw things(in sketchup).”
“Sketchup would be better to present detailed models.”

“ Simple to sketch geometry where you could rotate the view 90 degrees
and keep on going on the same distance from the edges.”

“I feel it’s much more easy to use [Flying Colors| than sketchup; where
in sketchup you can indeed do 3D prisms and 3D volumetric forms much
easier, I don’t think it helps much when sketching.”

“I disliked the lack of tools [in Flying Colors| to make differents shapes
(spheres, circles, etc).”
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Theme: interaction Some users are for and others are agianst the use of a touch-
screen for drawing. One user compares the interaction in Flying Colors to drawing
on paper, while another states that, for drawing, his or her eye-hand coordination
is better with the mouse, and that the finger blocks out the view. Drawing on
a touchscreen with the Flying Colors interface might not be for everyone, but for
some it seems to work well.

“It felt like I had a little more control over Sketchup, but I can imagine
that Flying Colors works better if you practice.”

“The quick line drawing style of flying colors is similar to simple drawing
on paper.”

“I have a better eye and hand coordination with a mouse rather than
my finger when I draw stuff. Furthermore, the finger kind of blocks out
the view.”

“It was much more intuitive and easy to use. I didnt have any difficulty
to get used to the controls of Flying Colors.”

“SketchUp however was easier to get into and learn how to work and if
I had to do this again I believe SketchUp would be easier.”

“Hard to draw exactly in Flying Colors.”

“Touchscreen makes the drawing easier than using the computer mouse,
also the line that marked the level you where drawing on was really
helpfull. In Sketchup it was a lot more difficult to know where the lines
you where drwing would end up. But for creating distinct shapes and
volume Sketchup had more tool options.”

“It’s good 3d sketch program but I face some problems that if I want
to draw multiple lines, it’s hard to connect to each other. I can’t find
correct place of intersection point. But I think the main problem that
is I am not familiar to the program.”

“To see the drawing layer was good, and that you could bind together
different shapes to a chair by seeing were the plane crossed the figure
made things a lot easier.”

“Some clarification in the button design could help understand, and
remember, the task of the buttons. I think the four buttons on the left

are more important, but are smaller than the center buttons.”

“You could quite easily make cool sketches.”
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“It should be possible to rotate at the same time as you draw. That way
it’d be easier to make curves.”

“A bit confusing when you wanted to turn the working space and instead
of doing it freehand I chose to pull the red-widget (which was really for
changing the depth). Perhaps a more clear labeling that the red "bar"
is for the drawing depth.”

“The camera angles were somethings a bit strange. It might have been
that the cube wasnt centered on the screen.”

Theme: user experience Some users prefer SketchUp for these tasks. SketchUp
has more functionality, the ability to add predefined objects, and it uses a mouse,
which some participants seem to prefer.

However, the comments regarding the Flying Colors user experience are overall
positive. In general, the users seem to have enjoyed Flying Colors, calling it “cool”,
“easy”, “‘fun” and “‘playful”, in spite of its its lack of more advanced features.

“Flying Colors were, after a minute of learning, logical and more fun to
use because you got more freedom to draw more varying shapes than
SketchUp."”

“The feel of "hands-on" drawing with the fingers made it more natural
to sketch fast in Flying Colors. The differences were not huge, because
Sketchup is still suited for the task pretty well.”

“It was funnier, and actually it was a lot easier to draw the lines. Draw-
ing on a touch screen is a type of interaction that can be more suitable
for drawing.”

“It felt more playful, even if it is equally easy/hard to draw in both
applications it felt like Flying Colours was made for this kind of activity.

SketchUp felt much more advanced and for more professional activities.
b

“In a way it was more fun than sketchup, but if some functions (that is
already in GS) getting added to FC, like making a square, it should be
more fun and easier to use.”

“It was very fun and challenging, something you may learn.”
“Felt good, fast to learn the gestures and the interaction possibilities.”

“Can work as an introduction to 3d-modelling for younger persons, give
them a sense of a 3d space on a computer/tablet screen. Artistic work
too maybe?”
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“It’s a cool idea where you can project something in 2D and make it 3D
(like Pixologic - ZBrush but simplier).”

“It was very cool! I think this tool can facilitate the sketching and doo-
dling when designing new things. In general, having a tool for sketching
ideas fast and precisely is very useful!”

“The simplicity was good.”

On the validity of the questionnaire data

Some of the participants of the user study were friends and aquaintances of ours.
This might have affected their neutrality towards the outcome of this study, and
therefore their replies in the questionnaire.

The complete questionnaire

The questionnaire that the participants got to fill out consisted of three sections.
One for Flying Colors, one for AiRquill and one for 3D Pictionary as an evaluation
method. In this report, I only present the data regarding Flying Colors.
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Chapter 6

Discussion and conclusions

6.1 Methods

6.1.1 3D Pictionary as an evaluation method

Objectively measuring the performance of a user interface could be considered an
impossible task. It is a subjective issue, with too many variables. Every user will
experience an interface in his or her own way. This does not make it a lost cause, to
try and get a general idea of an interface’s performance. Objective and subjective
clues can be recorded, and with enough clues, a pattern can emerge.

3D Pictionary can’t tell us exactly how natural or intuitive Flying Colors is,
compared to SketchUp. But it helped to give us a general idea, and a good basis
for discussion. We chose to record time, as objective data. Completion time is not
the same as user experience, and this was very clear to us, while we planned this
study. That is why we used a questionnaire to record the participants’ own views
of their experience.

Comparative evaluation

Using SketchUp as a reference point, made it possible for me to present results that
has a frame of reference. We could’ve let the users rate their experience with Flying
Colors on a spectrum from good to bad, or something similar. However, words
such as “good” and “bad” have different definitions for each user, and the reader
wouldn’t have been able to get an idea of the actual performance. I believe that
it was the right choice, to conduct a comparative study, using a relatively known
reference point.

Questionnaire

The questionnaire played an important role in making sense of the objective data.
The objective data said clearly that for our users, SketchUp was slightly faster
than Flying Colors (by one second). The subjective data collected through the
questionnaire, could at least partially, explain to us why, and what that meant.
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For the Likert scale, we chose to phrase the statement with “worked better

for 3D Pictionary”. Perhaps it would have been better to use the phrasing
“was more natural and intuitive” instead, since this would correspond better to the
research question. Our reasoning was that, for an application to be well-suited for
3D Pictionary, it would have to be natural and intuitive. With our reasoning, the
two statements would have meant the same thing. In the end, we chose to phrase
it the way we did, because we thought it would be easier for the participants to
understand.

6.2 3D Pictionary results: Time to complete

I have designed Flying Colors for 3D sketching, with the goals to make it natural
and intuitive, in other words, quick, easy, and fun. Flying Colors was not designed
specifically for 3D Pictionary, but if the goals are met then it should satisfy the
criteria of the game. This is why we chose 3D Pictionary. SketchUp is a much more
advanced application which includes functionality from many areas of 3D modeling.
Each participant got a brief introduction of about five minutes to each application
before playing 3D Pictionary on it. The introduction to Flying Colors included
almost all the functionality of the application, while the one for SketchUp only
included SketchUp’s most basic functionality. In this test, we compared most of the
functionality of Flying Colors, to a small part of the functionality of SketchUp.

Looking at the truncated mean time from the 3D Pictionary user study, it implies
that it takes about the same time to use Flying Colors, as it does to use SketchUp,
to complete one of our tasks. Flying Colors is still a prototype, and a young one. 1
have designed and developed Flying Colors over a period of just a few months, with
limited resources. Flying Colors didn’t beat SketchUp at this game. It was behind,
but only by a second. Performing at the level of a popular and user-friendly tool,
such as SketchUp, can certainly be viewed upon as a success.

Furthermore, in the study, the Flying Colors completion times had a significantly
lower standard deviation than those of SketchUp. This shows that Flying Colors
performed more consistently in the study. What does that mean? It could mean
that while SketchUp is a really good tool for some, it is also difficult to learn for
others. The Flying Colors completion times were closer to the average, in general.
Perhaps users didn’t complete their tasks as fast, as the fastest SketchUp users did,
but pretty much all the users managed to grasp the Flying Colors concept.

We should not stare ourselves blind at completion time, however. It might be
a good indicator of performance, but time is not everything. This data doesn’t say
much about the actual user experience.

6.3 Questionnaire

About 17% of the participants found that SketchUp worked better than Flying
Colors for 3D Pictionary (figure [.1). 39% were neutral and 44% found that
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Flying Colors outperformed SketchUp for this task. This does not reflect the time
completion data of 3D Pictionary, unless we look at standard deviation. Some users
completed their task really fast in SketchUp, but for some it took quite long. The
completion times were more even with Flying Colors.

As stated earlier, time is not everything. I think, based on the comments from
the questionnaire, that one important variable here, is user experience. Some users
preferred SketchUp to Flying Colors, but in general, users seem to have had a
positive experience, interacting with Flying Colors. Some users referred to it as
“easy”, “fun”, or “playful”, which certainly are suitable attributes for a game such
as 3D Pictionary.

6.4 Availability

Most people already have a computer at home, which makes the computer a very
available platform. Not everyone has a tablet computer, and because of that, one
could argue that the tablet computer, as a platform, is less available. There are,
however, different ways of seeing this. A tablet computer is more mobile, than a
computer, especially a desktop computer. Tablet computers can be used anywhere
in the house, on the bus, sitting, standing, or lying down, and it can be easily moved.
Some of these things can be done with some computers, e.g. a laptop can be used on
the bus, on the way to work. But few computers can be used comfortably, standing
up, without a table. This gives significant availability points to the tablet computer.

6.5 Conclusions

I tested Flying Colors against SketchUp in this one task through a user study. On
average, it took the users about the same time to complete our tasks with Flying
Colors, as with SketchUp, although results were more consistent for Flying Colors.
44% of the participants found that Flying Colors worked better than SketchUp for
this task, and only about 17% found the opposite to be true (39% neutral).

The comments from the participants were varied. Some had problems with the
interaction of Flying Colors and found that it was lacking important functionality.
But in general, the comments were positive, especially regarding user experience.

6.5.1 Research question

Getting back to the research question, is this interaction design suitable for an
intuitive and natural 3D line sketcher, on a tablet computer? Well, first of all, a
lot of the data we collected in the user study, is not directly related to “intuitive”
and “natural”. In the questionnaire we ask if Flying Colors “works better” for 3D
Pictionary. And in 3D Pictionary, we recorded time, which is not a variable of
the research question. As stated earlier, we thought that the words “natural” and
“intuitive” might have different meanings for each user. However, for an application
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to be able to perform well in 3D Pictionary, it would have to be natural and intuitive.
This is the reason for both our choice of objective data, and the phrasing in the
questionnaire.

I think that the interaction design of Flying Colors needs work. It needs to be
more refined, and it needs more features for it to fulfill it’s purpose as being natural
and intuitive. But I also think that the general concept of this interaction design
shows potential. The data from the user study indicates that Flying Colors was a
good fit for a game such 3D Pictionary (at least in comparison with SketchUp), and
as such, it should, at least to some extent, be natural and intuitive. The objective
results pointed to a performance at the level of SketchUp, and in some cases even
higher. The subjective data had both good and bad things to say about Flying
Colors, but in general, it pointed towards a positive user experience. I think this
means that there might be room on the market for an interaction design similar to
that of Flying Colors.

6.6 SketchUp in this evaluation

I want to be clear that this is not an evaluation of SketchUp. I chose SketchUp
as a point of reference for this study, because of its popularity and an overlap
in functionality between SketchUp and Flying Colors. However, this overlap only
represents a fraction of the SketchUp toolset. This study has been designed for
Flying Colors, and I don’t think it says much, if anything, about SketchUp.
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Chapter 7

Future work

7.1 Depth

As stated numerous times in this thesis document, depth was a hard concept to
visualize. Many of the difficulties the users dealt with during the evaluation were
connected to depth. A method to visualize or otherwise communicate the depth of
the virtual 3D environment, might improve interaction significantly.

Early prototypes of Flying Colors included very basic stereoscopic functionality,
using anaglyph 3D, although it was never formally evaluated. It might be interesting
to investigate what effects steroscopic 3D might have for an interaction design like
that of Flying Colors.

7.2 Interpretation of user interaction

I think that Flying Colors would benefit from some functionality that interprets
the user input and tries to understand what the user wants to achieve. On a basic
level, if to lines are drawn with the ends very close to each other, the application
could make an educated guess, and connect the two lines. On a more advanced
level, it could mean removing the drawing plane altogether, and let the users draw
flatly, as they would using pen and paper. The three-dimensional effect could then
be added by the software, by trying to interpret the users drawing, similar to what
the human brain does, when it sees a flat drawing of a cube on paper. However, I
imagine that this would be an ambitious project.

7.3 Gyro input

Early prototypes of Flying Colors used the built-in gyro of the tablet computer
to rotate the sketch. Preliminary tests suggested that this was intuitive to the
users, but that it needed to be complemented with other interaction methods. Due
to priorities and limited time, I didn’t implement this combination of interaction
methods. The final version of the prototype doesn’t have this functionality at all.
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It might be interesting to further investigate the possibilities of using the built-in
gyro in the interaction design.

7.4 Other features

Other concepts and features that have been proposed include: surfaces (instead
of just wireframe graphics), a collaborative mode, the ability to save, import, and
export sketches, and predefined shapes and models.

7.5 Target users and areas

The focus of this thesis is on design, development and evaluation. In the introduc-
tion I mention what I think an application like Flying Colors might be used for,
and by whom. But there could be much more. It might be interesting to investi-
gate which areas could benefit from using a system like Flying Colors, and what
adjustments would have to be made to the interaction design.
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Appendix A

A

A.1 Questionnaire results

Here I present the complete list of responses from the questionnaire, at the end
of the final evaluation. 18 participants filled it in. Each row of the table below
represents one participant. The questions were:

1. T found that Flying Colors worked better for playing 3D Pictonary than
Sketchup (strongly disagree, disagree, neutral, agree, or strongly agree)

2. Why?

3. Other comments about Flying Colors

Q.1 Q.2 Q.3
Neutral It felt like T had a little more In a way it was more fun than
control over Sketchup, but I can sketchup, but if some functions
imagine that Flying Colors works (that is already in GS) get-
better if you practice. ting added to FC, like making a
square, it should be more fun and
easier to use
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Neutral

Disagree

Strongly
Disagree

Agree

Agree

Neutral

"Both were good, but their
strong points lay in different
parts. Flying Colors were, af-
ter a minute of learning, logical
and more fun to use because you
got more freedom to draw more
varying shapes than SketchUp.
Sketchup were easier to draw fig-
ures and it took shorter time to
learn. The figures were based
on basic geometric and didn’t get
as much freedom. I liked them
both."

Predrawn shapes did it easier to
draw things

I like using a mouse, I'm not too
good with drawing though.

The feel of "hands-on" drawing
with the fingers made it more
natural to sketch fast in Flying
Colors. The differences were not
huge, because Sketchup is still
suited for the task pretty well.

The quick line drawing style of
flying colors is similar to simple
drawing on paper

I have a better eye and hand co-
ordination with a mouse rather
than my finger when I draw stuff.
Furthermore, the finger kind of
blocks out the view.
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To see the drawing layer was
good, and that you could bind to-
gether different shapes to a chair
by seeing were the plane crossed
the figure made things a lot eas-
ier.

It was very fun and challenging,
something you may learn.

Fun thing, but nothing for me.

Felt good, fast to learn the ges-
tures and the interaction possi-
bilities. Simple to sketch geom-
etry where you could rotate the
view 90 degrees and keep on go-
ing on the same distance from the
edges.

Some clarification in the button
design could help understand,
and remember, the task of the
buttons. I think the four buttons
on the left are more important,
but are smaller than the center
buttons.

Can work as an introduction to
3d-modelling for younger per-
sons, give them a sense of a
3d space on a computer/tablet
screen. Artistic work too maybe?



Al

Strongly
Agree

Neutral

Strongly
Agree

Strongly
Agree

Neutral

QUESTIONNAIRE RESULTS

I could see the plane where I was
drawing. For sketching, where
one would just draw lines.

Since it’s plane based in 2D it
works somewhat. The differ-
ence is that the "space' of 3D
in Flying Colors is visually rep-
resented with "vector" lines in-
stead of "planes" with shading or
a since of depth.

It was much more intuitive and
easy to use. I didnt have any dif-
ficulty to get used to the controls
of Flying Colors.

Because it gave the user more
freedom while it felt more "mod-
ern", both of them along with the
fact that it was combined with
the usage of fingers instead a
computer mouse which was nice.

““Unaccustomed with certain
functionalities in SketchUp be-
cause I've used Blender earlier
and assumed it would work in a
certain way it didn’t. SketchUp
however was easier to get into
and learn how to work and if I
had to do this again I believe
SketchUp would be easier. Hard
to draw exactly in Flying Col-

ors."
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I feel it’s much more easy to use
than sketchup; where in sketchup
you can indeed do 3D prisms and
3D volumetric forms much easier,
I don’t think it helps much when
sketching.

It’s a cool idea where you can
project something in 2D and
make it 3D (like Pixologic -
ZBrush but simplier).

It was very cool! I think this tool
can facilitate the sketching and
doodleing when designing new
things.In gneral, having a tool for
sketching ideas fast and precisely
is very useful!

"good: used the fingers, easy to
use, clear icons. you could quite
easily make cool sketches."

"The simplicity was good. It
should be possible to rotate at
the same time as you draw.
That way it’d be easier to make
curves."



Strongly
Agree

Strongly
Agree

Neutral

Agree

Disagree

It was funnier, and actually it
was a lot easier to draw the lines.
Drawing on a touch screen is a
type of interaction that can be
more suitable for drawing.

Better tools to measure distance
(specially depth). You dont need
such rich detail to play Pic-
tionary. Sketchup would be bet-
ter to present detailed models.

Touchscreen makes the drawing
easier than using the computer
mouse, also the line that marked
the level you where drawing on
was really helpfull. In Sketchup
it was a lot more difficult to know
where the lines you where drwing
would end up. But for creat-
ing distinct shapes and volume
Sketchup had more tool options.

It felt more playful, even if it
is equally easy/hard to draw in
both applications it felt like Fly-
ing Colours was made for this
kind of activity. SketchUp felt
much more advanced and for
more professional activities.

The scetchup premade shapes
made it easy to draw simple ob-
jects. The autoconnecting dots
were also very helpful.
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"The only thing I can say is that
Flying Colors does not offer the
possibility to draw with volume
as with sketchup. 1 liked the
sensitivity of the screen, it was
""lagom"", it felt like I didn’t
needed to be so meticulous when
I mad my drawings."

I liked the tools to control the
depth of the plane one draws.
I disliked the lack of tools to
make differents shapes (spheres,
circles. etc)

"T liked that it felt intuitive how
[to use the tool] to draw in 3D,
and it was very easy to use and
fun. A bit confusing when you
wanted to turn the working space
and instead of doing it freehand
I chose to pull the red-widget
(which was really for changing
the depth). Perhaps a more clear
labeling that the red ""bar"" is for
the drawing depth."

The cameraangle were some-
things a bit strange, it might
have been that the cube wasnt
centered on the screen.



A.1. QUESTIONNAIRE RESULTS

Neutral  it’s good 3d sketch program but I I like the interface design, and
face some problems that if I want change different perspective for
to draw multiple lines, it’s hard users.
to connect to each other. I can’t
find correct place of intersection
point. But I think the main prob-
lem that is I am not familiar to
the program.

Table A.1. Complete questionnaire responeses
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