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DELIVERABLE SUMMARY SHEET

Project Number: 213349

Project Acronym: 3DPHONE

Title: All 3D Imaging Phone

Deliverable N© D7.3.2
Deliverable Title: Research Protocol For Ergonomics Testing
Delivery Date: 31 May 2010

Report Date: 7 June 2010

Short Description:

This deliverable describes the research protocol for ergonomics testing. The purpose of the
document is to:

« present the background and motivation for the evaluation criteria, distinguish between
objective and subjective tests, and propose a diagnostic approach for 3D display evaluation.

* propose a test protocol consisting of objective and subjective visual ergonomics tests
designed for testing the stereoscopic display itself and the display integrated to the final
phone.
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1 Introduction

The purpose of user experience (UX) testing is to ensure that tested technology is easy and fluent
to use. Testing a device equipped with an emerging display technology, like autostereoscopic
display, is a complex task, as it cannot be known beforehand which aspects of experience and
performance are the most relevant. Consequently, it is important to have a wide variety of
subjective and objective tests that cover all relevant dimensions of user experience. In the
3DPhone user testing we plan to conduct experiments in the areas of usability, visual ergonomics,
image quality and human-computer interaction. The purpose of the testing is to ensure that the
usability of the applications, the image quality of perceptual rendering and stereoscopic imagery
and the legibility of stereoscopic text are at satisfactory level. Furthermore, we want to ensure that
the input techniques proposed in the project work well. We will also test the visual comfort of users,

as it is known that eye strain might follow from using stereo displays.

In the usability testing part of the project we conduct experiments with four applications created by
TAT: Media browser, calendar clock, media player and media recorder. In the testing of media
browser and calendar clock we will systematically change the layout parameters of the user
interfaces to find out optimal configurations for mobile stereoscopic use. In the media player and
media recorder testing our purpose will be to test the user experience while the users utilize the

device to take photographs and videos and view them with the device.

Bilkent University has developed a graphical rendering method for stereoscopic devices called
perceptual rendering (Bulbul et al, 2010). One of the aspects of perceptual rendering is effect of
depth cues to the amount of depth perceived in the stereoscopic display (Cipiloglu et al, 2010).
This is related to the interaction of basic heurocognitive processes of three-dimensional perception,
where various depth cues are extracted from the visual information and are combined into a
uniform three-dimensional percept (Held et al, 2010; Burge et al, 2010). As the depth cues are not
always consistent, or there are sometimes viewing conditions where only a few depth cues are
available, the human visual system has depth cue integration processes that weigh the depth cues
according to the available depth cue combination, environment and task. The properties of the
weighing processes can be utilized in producing different depth effects in stereoscopic interfaces.
In this project Bilkent University and University of Helsinki will cooperate in conducting tests where

the depth cue combinations are tested in mobile autostereoscopic environment.
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Viewing stereoscopic photographs and stereoscopic videos with the device will probably be one of
the key applications of mobile devices equipped with stereoscopic displays. However, it is not
known how the small size of the mobile stereoscopic display affects the perceived image quality.
For example, the smaller resolution, crosstalk or small viewing area could reduce the image quality
experience significantly. In the project we will aim to test the image quality of stereoscopic video

and photographs to find out significant aspects of the image quality experience.

There are several input techniques being developed in the project and we aim to test each of them
to find out their usability aspects. Specifically, we will test touch screen interaction, finger tracking
and device tilting as input techniques. Utilizing these input techniques with autostereoscopic
displays provides additional challenges related to the finger occluding the stereo information and
virtual buttons being at different depth levels compared to the physical display, as well as problems
related to the limited viewing area of the autostereoscopic display. These aspects of the device will

be covered in the input techniques test.

The final part of the testing will be the complete usability and viewing comfort testing with more
realistic tasks and longer usage times (40 minutes). The purpose of the final testing is to find out,
whether the complete device has acceptable usability, and to ensure that it does not cause eye

strain symptoms (Lambooij et al, 2009) or changes in the functioning of the visual system.

There are some risks related to the testing that should be taken into account in the planning stage.
The most important question is the issue of having a fluently working software and device in the
utilization of the user experience team. When user experience is tested, it is of utmost importance
to have a system that operates fluently and is stable. If the system has problems, like extremely
low framerate or severe stability issues, these problems will affect the testing significantly, and
prevent the measurement of the experience-related effects. For example, if we want to test the
usability of a 3D interface, and have a system that has an extremely low framerate, which causes
visible delays on touch interaction, the low framerate causes significant frustration in the users,
which will mask all the other UX effects, thus rendering any detailed testing unnecessary.
Consequently, at the beginning of each testing period we will pretest the software and hardware to
ensure that the UX effects we aim to measure are measurable. If there are known problems, or if
we detect problems in the pretesting, we will give feedback for the respective project partners so
that the problems could be solved. However, as there is extremely limited time for user testing
during the project, we will have backup plans, which will include plans for testing the UX effects
with alternative hardware setups. The backup plans are described in each of the UX subprojects

described in this testing plan. The utilization of alternative hardware can be seen as a deviation
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from the original plan of testing 3DPhone device, but there are significant benefits in this
arrangement. When planning the backup plans, we have selected hardware setups that contain as
many aspects of the 3DPhone device as possible, so that the results could be, to a large extent,
generalized to the 3DPhone case. Also, the backup plan testing gives us at least some results, as
the alternative would be to wait for properly functioning software/hardware until we might need to

leave a specific test setup completely out of the original test plan, because of the lack of time.

1.1 Background for 3D Ul evaluations

3D user interface (3D Ul) evaluations - much like all product usability evaluations - often mix
quantitative and qualitative approaches in order to obtain a comprehensive insight about how
effective and satisfactory their product is. Effectiveness can be assessed in terms of usability,
which can be seen as a set of objective scales designed to measure how well the users can cope
with the system. The users are given a number of pre-set tasks and are asked to complete them
using a prototype or the latest version of the interface being tested. Task completion times and
reaction times help to evaluate performance efficiency, while error-rates are used to evaluate the
performance accuracy. The users are encouraged to think aloud while completing the tasks and
these comments as well as users' overall reactions, are carefully observed and noted down. These
notes add a qualitative aspect to the evaluation of usability, and help to track down the reasons
behind the reaction times and the error-rate patterns. In addition, subjective feedback is collected

to give insight about how subjects feel about using the interface.

How the users feel about the product can be measured on different levels. User experiences
should be measured at least on utility (is the product useful?), usability (is the product easy to
use?) and desirability (does the product look and feel good?), but there are other characteristics to
be measured as well (e.g. aesthetics, identification, stimulation and value levels). The most popular
research method for 3D Ul evaluation is the usability lab, because it effectively combines both the
usability and the user experience issues. The traditional usability laboratory setting contains pre-

set tasks, as described above, and a questionnaire in order to assess user experiences.

Most of the 3D Uls evaluated in literature are user interfaces created with non-stereoscopic depth
cues attempting to simulate a sense of depth. These interfaces are in fact 242D, allowing the
manipulation of only x and z coordinates (The Data Mountain by Robertson et al., 1998 is a good
example of a 2%D environment: the items can be moved horizontally and in depth, but the y

location is locked, meaning that the items are "pushed" up along the slope of the Mountain and
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they always rest on this surface. They cannot be placed, for example, to hover a few inches above
the surface of the Mountain. See Figure 1.1 for clarification.), and are thus referred here as 2%D

interfaces. Some 3D user interfaces allow the manipulation of all three coordinates and those are

referred here as 3D interfaces.

Figure 1.1: The Data Mountain user interface by Robertson et al., 1998. This picture visualizes a
typical 2%2D environment, where the y position is locked so that all the items rest on certain surface
and cannot be detached from that surface.

The method most often used to evaluate the usability is the memorize and retrieve -task (for
example Robertson et al., 1998; Tavanti & Lind, 2001; Cockburn & McKenzie, 2002; Cockburn,
2004), which was designed mostly to test the effectiveness of spatial memory in 3D environment.
In their Task Gallery experiment, Robertson et al. (2000) asked subjects to create, modify and
arrange tasks in space, a setup that more efficiently covers the idea of traditional user experience
testing. Variables measured most often are task completion times, incorrect attempts made before
the correct retrieval, failed attempts and the number of correct retrievals. In the Task Gallery
experiment (Robertson et al., 2000), subjects' ability to navigate in the space was also evaluated.

A couple of usability issues found in the earlier work should be noted here: the questions of
document avoidance methods and the navigation. These questions are of course irrelevant, if the

users are not required to re-arrange the documents in the interface, or if the interface viewing point
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is fixed, thus allowing no navigation amongst the documents. When documents are moved around
the interface, some document avoidance behavior is required. This means dealing with the
collisions that happen when the documents are re-arranged. Robertson et al. (1998) designed a
document avoidance method that continually maintained a minimum distance between all
documents. This way the users were all the time able to see what state would result when the drag
was terminated. Another advantage was that two documents could never be placed on top of each
other (this would result unwanted occlusion, when the document placed on top would hide the
other document completely: a problem encountered often, when no avoidance behavior was
provided (Robertson et al., 1998). Robertson et al. (1998) tested also an avoidance method that
was animated to simulate walking past tall grass, but the animation settling times again resulted

with unwanted occlusion.

In the Task Gallery environment (Robertson et al., 2000), some subjects were confused by the two
different navigational alternatives presented: the overall navigation (or the "hallway" navigation),
which was used to move between the tasks, was not distinct enough from the task specific
navigation (the "glances"), which provided tools to interact with the selected task. Solutions to
avoid navigational problems might be to keep the 3D space simple and constrain the navigational

opportunities as suggested by Robertson et al. (2000).

The nature of the user interface evaluations is mainly iterative: usability issues and technical
problems are solved along the way and these corrected versions are then further tested. In our
testing we will aim for more systematic approach in changing the user interface parameters.
Especially with stereoscopic 3D, it is important to find out the effect of various layout and depth

related parameters.

1.2 Background for perceptual rendering

1.2.1 Saliency mapping

One of the most severe problems of perception is information overload. Peripheral sensors
generate afferent signals more or less continuously and it would be computationally costly to
process all this incoming information all the time. Thus, it is important to make decisions on which
part of the available information is to be selected for further and more detailed processing, and
which parts are to be discarded. Furthermore, the selected stimuli need to be prioritized, with the
most relevant being processed first and the less important ones later, thus leading to a sequential

treatment of different parts of the visual scene. The saliency map was designed as input to the
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control mechanism for covert selective attention. Koch and Ullman (1985) posited that the most
salient location in a visual scene would be a good candidate for attentional selection. Once a
topographic map of saliency is established, this location is obtained by computing the position of
the maximum in this map. After the selection is made, suppression of activity at the selected
location leads to selection of the next location, the location of the second-highest value in the

saliency map, and a succession of these events generates a sequential scan of the visual scene.

The first actual implementation of a saliency map was described by Niebur and Koch (1996). They
applied their saliency map model, which made use of color, intensity, orientation and motion cues,
both to simplified visual input (as is typically used in psychophysical experiments) and to a complex
natural scenes and they demonstrated sequential scanning of the visual scene in order of
decreasing salience. Since then, there has been some studies on saliency mapping, one of which
is a quite recent experiment about saliency-maps of graphic mesh-images (Bulbul, Koca, Capin
and Gudukbay, 2010). The motive of this study was to examine the method used. The saliency-
maps showed salient features of an image based on its geometry, velocity and acceleration, hue,
color opponency and luminance. Subjects watched three different video sequences, and their
fixation points were captured. According to the results, subjects do look at regions with higher
overall saliency, which indicates, that the saliency maps were correctly identified. Saliency maps

can be used, for example, for mesh simplification, dynamic level of detail or on viewpoint selection.

1.2.2 Depth cues

For graphics researchers and virtual environment designers, it is important to create scenes where
the information presented looks real enough for users. Due to a great deal of computational
expense, this sometimes means utilizing limited depth cues, or modifying them based on probable
assumptions. In a natural space, there exist multiple cues that humans use to understand depth in
three dimensions, including binocular disparity /stereopsis, pictorial cues (such as shading, texture,
linear perspective, etc.) and moving cues (kinetic depth effect, motion parallax, etc.). How these
different cues are used together is still more of a mystery. Individually, each cue gives indicative
information for determining depth, while some cues appear to give stronger, or more convincing,
information than other cues. Additional cues increase one’s ability to accurately determine depth
information, even when the additional cue is not nearly as strong as the original cue (Johnston et
al., 1993).

Cipiloglu, Bulbul and Capin (2010) created a method that automatically decides what depth cues
and rendering methods are best for a given scene, and then applies them to the scene. They

conducted two experimental studies to evaluate this new method: An objective experiment and a
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subjective experiment. In the objective experiment, the subjects were asked to estimate the z-
position of an object in a scene. There were five conditions compared: no depth cues, rendering
methods selected randomly, all rendering methods applied and usage of the new algorithm. In the
subjective study, subjects were asked to rate a scene according to the ease of understanding the
relative distances between the objects, and to the perception of morphology in a scale from 0 to
100. Results of both studies showed that using the new algorithm as a rendering selection method

was superior to other methods.

1.3 Background for stereo video

The viewer experience of stereoscopic imagery is fundamentally different from two-dimensional
videos and photographs. It is commonly thought that stereoscopic viewing is somehow more
exciting and appealing for the viewers. However, the exact subjective dimensions of the
experiential added value or their determinants in stereoscopic contents are not known. These
could be, for example, increased fun and excitement, increased feeling of reality or solidity
(Holmes, 1859; Lambooij, 2005) feeling of presence (ljsselsteijn et al, 2002; Freeman et al, 2001 )
or maybe aesthetic experiences like being awed by the beauty or sublimity (Kant, 1764/1961) of
stereoscopic images. Furthermore, the role of depth structure of the contents, artefacts caused by
display technologies or the problems related to specific use contexts are not fully understood. To
summarize, the stereoscopic image quality has not yet been properly defined. There are, however,
some studies that indicate that subjective factors of reality likeness and depth impression capture
important aspects of stereoscopic quality experience and correlate to objective changes in image
quality. In this project, our purpose will be to measure the experienced image quality with mobile
autostereoscopic display, where the main issues affecting the image quality will be the small size

of the display, limited viewing area as well as display artefacts coming from the display.

1.4 Background for 3D text

Introducing text on a three dimensional display has not been a matter of much research. Larson et
al. (2000) conducted a study, in which text was rotated on a 2D display, and subjects' reading
speed was measured. The results indicated, that the reading speed was the same for all rotations,
as long as the letters were not too small or rotated too far. These results cannot directly be
associated with autostereoscopic 3D displays, as they introduce additional parameters related to
stereoscopic depth. In a more recent study Grossmann et al. (2007) examined the effects of
rotating text (Figure 1.2) in a volumetric display which is more similar to the autostereoscopic
display. They found that text can be rotated up to 60 degrees horizontally and vertically without any

effect on reading times of the subjects.
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Hello 13e\\O Viello’ [Hek

Figure 1.2: Text rotated in different directions. From Grossman et al., 2007.

Both of these experiments were done on single words and no comprehension was required. As
reading is more than just seeing the right word, it should be tested in a proper context. Although
the rotation angles below 60 degrees don't affect the reading speed of a single word, they may
cause a higher cognitive load on the reader such that comprehension of text being read might be
impaired. One of the autostereoscopic 3D display's benefits would be to fit more text on a single

view on the display as the third dimension gives more space on OMAP' small display.

1.5 Background for 3D Input techniques

There are different issues regarding the input techniques designed for 2D displays when using
them in a stereoscopic 3D (S3D) display. Input techniques designed for 2D displays considered
here are cursor pointing, display touching and device tilting. As a newcomer for the input
techniques' field under consideration in this study will be the 3D finger tracking technique and it's
applicability for the OMAP S3D display. All these techniques are thought to disrupt the 3D effect in

different ways.

1.5.1 2D cursor pointing

Applied to S3D display, a common pointing cursor is thought to be almost inapplicable as the
pointing device usually moves in only two dimensions. A two dimensional pointer thus cannot
utilize the third dimension and the usability of the system is severely impaired. The idea of making
a pointing device to move in three dimensions is applicable and such applications have been
introduced to the public (Keefe et al.,, 2007, Hand 1997), but a more interesting solution,
considering the mobility and size of our device, is the finger tracking described later on this

chapter.

1.5.2 Display touching
As the S3D OMAP is an intangible display by definition, the objects shown on it in a 3D space are

harder to reach by touching because of two distracters: First, the 3D effect is partially disrupted
because of the hand in front of it. This makes reaching out for an object on the screen a memory

task and not only a eye-hand coordination one. Second, touching of objects in 3D space is hard, as
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the display itself is a two dimensional surface. This forces users to estimate in which point the
objects in front and behind the surface are on the display to be touched. In making these
estimates, the users first need to know the position of the object in the 3D space. This shown to be
hard enough for users (Chan et al., 2010), when there is no feedback of finger position available,
but with some visual (e.g. shadowing) and auditory clues, it becomes much easier. In the current
study, the display is small and stereoscopic, so the objects to be reached for are also small and

even harder to reach for.

1.5.3 Deuvice tilting

The new generation mobile devices have introduced accelerometers as a way of human-device
interaction. Tilting, shaking and swinging the device are intuitive and commonly used input
techniques. Considered for the S3D display, these techniques have a severe constraint as the 3D
effect is impaired by large viewing angle alterations. One of the most significant perceptual
problems with all autostereoscopic display technologies is the limited viewing area of the display. If
the user's head moves out of the viewing area, the three-dimensional effect will either disappear or
become pseudoscopic and this can cause significant frustration in users. The amount to which

users can tilt the device without being disturbed of the 3D effect impairment is to be studied.

1.5.4 Finger tracking
Finger tracking has been done for over a decade now with a tracking glove and pen-like pointers

(Hand, 1997) and by tracking the hand of the user by a video camera (Crowley et al., 1995;
Letessier & Bérard, 2004). Using the video camera method, no additional device for the user is
required. Using two cameras or a distance measuring device the system becomes able to track the
finger in the physical 3D space. Given the mobility of the OMAP device, such an input technique is
clearly of value. The disruption of 3D effect caused by the hand being in front of the display is still
an issue, but given the obvious need for the hand in using the device, this would be the most

attractive way of interacting.
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2 Visual screening

The subjects undergo a set of visual screening measurements prior to the experiments (see
Appendix 2). This is to make sure there are no deviant factors related to the eye sight of the
subjects. Because of the limited sample size in these studies, we want to ensure that possible
small visual dysfunctions of the participants do not cause additional eye strain symptoms or
perceptual difficulties with the stereoscopic display. These screening measurements include tests
to assess the near and distance visual acuities, the distance between pupils, the stereo acuity, the
near point of convergence, the near point of accommodation, the lateral and vertical phorias and

the AC/C-ratio (Accommodative Convergence to Convergence ratio).

Near and distance visual acuity needs to be tested to ensure that the participant has sufficient
visual capability to perform the test. The near vision acuity is measured with the LeaNumbers test
no. 270900, with viewing distance of 40 cm (See Figure 2.1) and the distance visual acuity is
tested with LeaNumbers test no. 271200 with viewing distance of 3 m. Both tests utilize printed
numbers for assessment of visual acuity. In the near vision test the subject holds a board which
has series of humbers printed on it one under the other, each series in a smaller font than the
previous one. Visual acuity is calculated from the last series the subject sees properly. The test is
done for both eyes separately. The distance vision acuity tested with the same pattern, but the
board is further away from the subject and alight. In both tests the subject is excluded from the
experiment if the visual acuity is less than 0,50 on either eye.

Figure 2.1: On the left near vision acuity measured with LeaNumbers test. On the right distance
visual acuity test.

The interpupillary distance is measured so that abnormal distances can be excluded from the test.
Furthermore, we have the possibility of comparing the results with the interpupillary distances so
that we can find out whether there are any relations between them. The distance between pupils is

measured by Nidek PM-600 pupillometer (Figure 2.2). The subject looks at a green spot through
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eye-holes in the one end of the device while the experimenter looks through the other end and sets
two black lines to cross through the center of the subject's pupils. The accurate distance between
the pupils can then be read from the device's display. The subject is accepted if the distance is

between 51 and 71 mm, which correspond to 90% of the normal population.

Figure 2.2: Interpupillary distance measured with Nidek PM-600 pupillometer. On the right the
Nidek PM-600 pupillometer.

Figure 2.3: The TNO Randot test.
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The stereo acuity is measured with the TNO Randot test. This test is performed, because we want
to exclude stereoblind and stereoanomalous participants from the test. Subjects wear 3D goggles
and look at 10 circles missing a sector only to be seen with the goggles. The subject's task is to
determine which way the hole in the circle points to. Test stops to the first picture that the subject
fails. If the subject fails before the third picture he is declined. This corresponds to the stereoscopic

acuity of 240 seconds of arc.

The lateral and vertical phorias are measured with the Maddox Wing test (Figure 2.4). Phoria
refers to latent strabismic tendency that can cause constant strain for the eye muscles. If the
participant has high amount of horizontal phoria, his / her susceptibility to eyestrain might be
increased. Vertical phoria is more serious problem and participants with even small amount of
vertical phoria are excluded from the experiment. The back wall of the Maddox Wing has two
scales and arrows on black background. Horizontal scale is white and vertical scale is red. The
subject holds the test device in a horizontal plane and looks at the white arrow through the device's
looking holes with his both eyes for 5 seconds. He / She then tells the number on the white scale
the arrow pointed to. This number is the horizontal phoria value. The vertical phoria is measured
the same way, but the subject looks at the red arrow and scale. The number on the scale is then
the vertical phoria value. If the former value is not between -13 and 7 or the latter is over 1 to either
direction, the subject is declined. The AC/C-ratio is measured also on the Maddox Wing test, but
lenses of +2.75 are added to the looking holes. The same procedure is done as above, but this test

does not screen subjects.

Figure 2.4. The Maddox Wing test and its use.
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The near points of convergence and accommodation are tested with the RAF Gauge test (Figure
2.5). They are tested so that we can ensure that the muscular systems responsible for the
convergence eye movements and accommodative changes in the lens of the eye are operating
properly. For the point of convergence to be calculated the subject holds the test device in a
horizontal plane while focusing his / her gaze on to a vertical line printed on a moving part of the
device. The experimenter then moves the part closer to the subject's eyes until the line is doubled
in the subject’s vision. The subject's point of convergence is then pointed by the part from a scale
on the test device. For the point of accommodation the subject focuses his gaze on the smallest
letter on the moving part that he is able to see clearly. The experimenter moves the part closer to
the subject's eyes until the letter becomes blurred and the point of accommodation is then to be

read on the same scale as above. These tests do not screen subjects.

Figure 2.5. Point of convergence measured by the RAF Gauge test.
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3 Background questionnaires

The subjects fill out a background questionnaire prior to the experiments (See Appendix 1). These
background questions are designed to gather information about how experienced subjects are
with stereoscopic contents and devices, mobile phones, computers and touch screen devices, and

also about their susceptibility to nausea and headache.

The first and the second part of the questionnaire consists of basic background questions. Besides
gathering information about subjects' gender and age (questions no. 1 & 2), questions considering
the handedness (no. 3) and possible neurological disorders (no. 4) of the subjects are also
presented. The questions in the second part are all work and education related: the current
occupation along with a short description of the content of the work is asked (no. 5 & 6), the
subjects are asked to estimate the number of hours they spend daily doing work that requires near
vision i.e. reading, writing or computer work (no. 7) and the educational background (no. 8) along
with specific information about the educational institute they have attend and the subject they have

majored in are asked (no. 9).

The third part deals with subjects' knowledge and experience related to computers and 3D
applications: have they ever used 3D displays (no. 10a), watched 3D movies or pictures (no. 10b
and 10c), used any virtual environment devices, for example CAVE (no. 11), how many hours they
use computers weekly (no. 12) and how experienced they consider themselves with computers (n.
13). These questions may be later used to compare the subjects’ performances against their
earlier knowledge and experiences. The third and the fourth part are closely related, for the fourth
part is designed to gather information about the subjects' experiences considering devices which
utilize touch screens for navigation. Considering out experiments, we wanted to know whether the
subjects have earlier used such devices (no. 14), do they own one (no. 15) and what do they think
of the touch screens in general (no. 16). The question no. 17 asks subjects to check all those

properties of a mobile phone, they use once in a week or more often.

Because the stereo images can cause nausea and headaches, the sixth and the seventh parts are
to evaluate the subjects' tendencies to get motion sick when traveling with a car, bus, train or ship
(no. 18). If the subject has a diagnosed tendency to get migraines, he or she asked to report it in
guestion no. 19. They are also asked to estimate how often they have normal headaches, that is to
say, other than migraine (no. 20).The last part is related to the vision of the subjects': whether they
have been assigned to use eyeglasses (no. 21) or if they have any other eye-related issues (no.
22).
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4 Hardware

Currently (06/2010) there are problems with operating the applications in OMAP. The main
problems are low frame rate and instability of the software. Thus, we will have alternative hardware
setups for the testing: HTC Desire phone with the new Google Android platform, with which the
applications will be shown in anaglyph stereo form and the subjects use 3D goggles. The 3.7"

display has a resolution of 480 x 800 pixels.

We also have a backup hardware setup in case there will appear severe problems in integrating
our applications to the Android platform: PC/Windows 7 and Hyundai P240W 24" stereoscopic
display, which is a vertically interlaced display based on polarizing technique. The display has a
resolution of 1920 x 1200 pixels and a pixel pitch of 0,27 mm (both height and width), which
becomes 1920 x 600 pixels in stereoscopic mode. If this backup setup is needed, the viewing

distance and the size of the image on the screen will be adjusted to simulate the 3D device.

Having a backup plan is necessary, as summer holidays (June-July-August) will create gaps in the
project work and we might miss some valuable testing time if we wait for working version of the
OMAP. The risk here is that vital parts of testing cannot be done in time. Benefits and downsides of

the different hardware setups are described below:

4.1 OMAP

The best situation would naturally be a fully working 3D screen on OMAP. There may be several
usability issues regarding the mobile nature of the device and the autostereoscopic display, which
is a demanding combination. The touch screen will introduce special challenges as well when used
with stereo images. Effects of these special features on the use of S3DUI can only be studied if a
realistic device is being used and tested. The use cases would then be realistic and the users

would understand the mobile nature of the application.

However, the main problems being processed currently with OMAP are a low frame rate and
instability of the software. This makes the user interaction difficult and focuses the users’ attention
to irrelevant issues, as we are not testing the response rate or stability of the device. However, the
users will be frustrated with slowly responding and refreshing device and this bad experience will
probably mask any other performance or UX measures in the experiment. For example, the
flickering caused by the low frame rate distracts the attention of the user from the stereo effect, so

it will be difficult to measure the effects of small changes in stereo parameters. Thus, we risk
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getting low quality measurements from the S3DUI point of view if applications do not work in
OMAP.

4.2 HTC Desire phone

In case an adequately working OMAP is not available for usability testing, our first alternative
hardware setup, HTC Desire phone with Google Android platform, will be used. This way we
preserve the mobile properties and a realistic touch interaction so that the use cases will be as
natural as possible. The size of the screen will also be congruent with that in OMAP. The problems
currently introduced with OMAP would not be present, since the Android version of the S3DUI will

be stable and respond smoothly. This allows us to test the performance and UX of the S3DUI.

However, the use of anaglyphic technique to create the stereo effect will cause some differences
that have to be taken into consideration. First, the users may experience it disturbing to use 3D
goggles and it may be a drag on adaptation to the S3DUI. Moreover, the vertical resolution will be
two times better than it would be with the autostereoscopic display of OMAP and the viewing angle
will be wider. The use of the anaglyphic technique will also diminish the luminance of the images.
This, as well as the calibration issues of the colors, or a possible inter-ocular contrast, may be
responsible of some decrease in the stereo effect. To minimize the negative effects of using

anaglyphic technique, a careful calibration of the display colors to the filter glasses is needed.

4.3 Hyundai display

Hyundai P240W display is a 24 inch display based in horizontally interlaced stripes which have
opposite circular polarizations. Glasses with polarizing filters are needed for viewing the images.
The main benefit will be that the Windows versions of SW will respond smoothly and be stabile. On
the other hand, the polarizing display does not have the same properties compared to the
lenticular, parallax barrier or Holowizio display. Especially the viewing area, resolution, crosstalk
and the brightness of the display are different. One significant downside is that the touch screen as
an input technique is not available when using Hyundai display. However, the dynamics of touch
interaction can be at least partially simulated with mouse. The effects of the different size of the
display and the pixel pitch can be diminished by adjusting the viewing distance and the image size.
The significance of the differences in the display parameters have to be determined within each

test case before the Hyundai display would be adopted as the test hardware.
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5 Experimental setups

5.1 3D UI

We have chosen three different user interfaces for evaluation: The first one is a Media Browser
interface, designed for browsing and managing media documents such as photographs. The
second one is a Calendar Clock, which combines a clock and a calendar metaphor to form an
effective way of showing upcoming events. The last one is a Media Player and Recorder, which

records and shows stereo videos.

5.1.1 The Media Browser

Media Browser is a 3D interface, that can be used to browse, organize and view media content,
such as images, videos or documents. In this study, three different prototype versions of Media
Browser are tested with a group of users. These versions utilize three different layouts of the
contents referred here as amphitheater, wall and plate layouts. All of these prototypes implement
an image gallery type interface showing thumbnails of images with no labeling while browsing. In
all versions, it is possible to browse the content horizontally on the screen in a curved path by
using a mouse, touch screen or arrow keys. A larger view of the image is offered when double
clicking its thumbnail in the browser view. Double clicking it again causes it to shrink back to a

thumbnail.

In the amphitheater layout, the thumbnails stand in tiers of 3D amphitheatre view (Figure 5.1). The
parameters such as occlusion levels of the image thumbnails (the camera position and angle), and
curvature of the amphitheater (the curvature radius) and depth distance between the pictures (the
Z location), will be modified, and their effect on usability of the interface will be tested. In the wall
layout the images hang on the inner wall of a 3D drum view (Figure 5.2). Here, also the curvature
of the drum wall, as well as the size of the images and the number of the rows, will be modified and
tested. In the plate layout, the images stand on a 3D ground view forming orbits as can be seen in
(Figure 5.3). The modifiable parameters to test here are the same as in the amphitheatre layout:

the occlusion levels, the plate curvature and the depth distance between the pictures.
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Figure 5.1: Amphitheater view of the Media Browser

Figure 5.2: Wall view of the Media Browser

Figure 5.3: Plate view of the Media Browser
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5.1.2 The Calendar Clock

The Calendar Clock utililizes the intuitive view of an analog clock and a stereo effect to show the
current time and upcoming events of the calendar (Figure 5.4). In the prototype to be tested, the
handle bars can be grabbed and turned using a touch screen or a mouse, so moving forward and
back in time by hours occurs. This is also possible by using left or right arrow keys. Using up or
down arrow keys allows 24 hour jumps forwards or backwards. You can also add one-hour pre-
designed events by clicking a certain hour in the clock view and choosing the desired event from
the graphical matrix of six different events. A reminder of a current event appears on the right of
the clock. If no events are active, there can be seen a set of available events. This prototype is not

a fully functional version of the Calendar Clock.

Figure 5.4: The Calendar Clock view

5.1.3 The Media Player and Recorder
The purpose of this application is to capture and repeat stereo videos and still images. It is not yet
known, when the application will be available for testing. Consequently, the details of the usability

testing cannot be determined at this point.

5.2 Experimental design and setups for the Media Browse

The main focus is on the usability testing of these prototypes. The usability issues studied here
include objective measures such as task completion times and error rates as well as a subjective
measures concentrating on users’ feelings and opinions while testing the interface. A total of 60
subjects should be recruited through mailing lists of the University of Helsinki. Subjects will be

rewarded with movie tickets (one ticket per hour).
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5.2.1 Test softwares development by TAT
TAT will develop versions of the S3DUI (of the Media Browser and the Calendar Clock) that are

suitable for experimental testing. The test versions will be able to read S3DUI parameters from a
separate ascii file, and will be able to show different versions of the user interface sequentially. The

ascii file enables the manipulation of the following parameters:

For Media Browser

the eye separation (determining the depth range)

the occlusion caused by the camera angle (the camera angle and the height position)
the radius of the cylinder

the size of the picture thumbnails

a > w e

the number of rows presented

For Calendar Clock

the eye separation (determining the depth range)
the focal plane distance

camera sway

the number of the turn of the spiral

a > w N

the fog-effect

5.2.2 Part 1: The selection of the layout
The purpose of the first part of the experiment is to select one of the three layout versions of the

Media Browser with best user performance and experience. 20 users, who have passed the vision
screening tests (Appendix 2) of the preparation phase, will be attending the tests. Each of them
complete a similar testing procedure with the three different layout versions of the Media Browser,
after which they are asked their preferred version. In addition to their subjective opinions, objective
measures, such as the task completion time, the error rate and number of trials before completing
the task, are recorded. One of the three Media Browser versions is selected for further analysis

based on the objective user performance results of this experiment.

The experimental procedure for each layout version is conducted as follows:
1. The visual screening is performed (Appendix 2)

2. The users fill in the background questionnaire (Appendix 1)
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3. The users are allowed to familiarize themselves with the application freely for at least
2 minutes. The user can ask further questions and the experiment leader ensures that
the user understands the use of UI.

4. They fill out a user experience and image quality questionnaires (see Appendix 3 and
4).

5. The users are then asked to use the Media Browser version in question to find 5
randomly selected images amongst a set of 52 images. The images are printed on
paper and given to the user as a shuffled card deck. The user selects five cards from
the deck, and thus each image is randomly selected. The time to complete this task is
measured. During searching, opening the images by clicking the thumbnails is
allowed, and the number of trials before finding the right image will be marked down.
The users are requested to verbally indicate when they have found the right image.

6. At the end of the image searching task, the users are again asked to fill again the
user experience questionnaire. The task is repeated with different version of the
media browser.

7. After the users have completed the searching task with all three versions of the Media
Browser, they are asked to answer a three alternative forced choice question about

the version they would prefer for image browsing.

5.2.3 Part 2: The parameter manipulation of the selected layout

The second part of the experiment is done based on the results from the first part: the layout which
results the shortest searching times and the fewest number of errors is chosen to be evaluated in
more detail. This experiment is done by manipulating some pre-determined parameters of the
layout. As we have no way of telling which of the three layouts will be used in this part of the
experiment, we have designed the settings for all of them. The experimental procedure follows the
same guidelines as in part one: the subjects are shown manipulated layouts one at a time and are
asked to find a picture fitting to the given description, amongst all pictures. Again, the completion
time and the number of zoomed pictures prior to finding the target picture are marked down. The
time limit for the task is 2 minutes, after which the task is considered failed. After every searching

task, the subjects fill out user experience and image quality questionnaires (see Appendix 3 and 4).

The number of subjects will be 20 and the preparations for the experiment include the same visual

screening tests and the background guestionnaire used in part one.
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5.2.4 The Amphitheater and the Plate layouts
Because the plate layout can be considered as a special case of the amphitheater (plate layout
results from the amphitheater if the height of the steps is zero), the experimental settings for the

two layouts are discussed here together.

With these layouts, we have chosen three parameters to be manipulated: the depth distance
between the pictures, the occlusion caused by the camera angle and the curvature radius. The
depth distance between the pictures has three levels, so that the pictures can be either very close
to each other, with medium distance or very far from each other. The occlusion caused by the
camera angle is either on or off. When the occlusion is on, the camera is positioned to face the
pictures from below the horizontal level in the amphitheater layout, and above the horizontal level
in the plate layout, and when it's off, the camera is positioned on the horizontal level in the
amphitheater layout, and above the horizontal level in the plate layout. The curvature radius
determines the perceived curvature of the amphitheater or the plate and it is varied from zero
position (no curvature) to medium or to extensive curvature positions. The exact values of all

variables will be determined, after the software and hardware environment is settled.

These 3D variants of the layouts are evaluated against each other in order to determine the best
conditions for browsing documents in 3D, but the performance with the 3D is also tested against
the 2D variant of the layout. To keep the duration of the experiment reasonable, we have decided
to make the comparison between the 2D and the 3D only with layouts' default settings. The layout
is defined to have default settings when the following parameter values apply: the depth distance is

set to the medium condition, the occlusion is on and curvature is also set to the medium condition.

In short, we will be making 19 comparisons: 3 variants of the depth level * 2 variants of the

occlusion * 3 variants of the curvature radius, plus the comparison with the 2D version.

For some visualizations, see the Figure 5.5 below.
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Figure 5.5. The dimensions of the Amphitheater: y is the height of the steps, z is the distance from
the first step to the camera and distance between the panels is the depth distance.

5.2.5 The wall layout

Should the wall layout be chosen, the parameters to be manipulated are: the curvature radius, the
size of the pictures thumbnails and the number of rows presented. The possible values of the
curvature radius are the same as described above, so no curvature, the medium curvature and the
extensive curvature positions. The size of the pictures has two alternatives: big and small. The
number of rows presented is either three, four or five. In the default layout, there are three rows,

big thumbnails and medium curvature.

The number of comparisons is again 19: 3 variants of the curvature radius * 2 variants of the

thumbnail size * 3 variants of the row number, plus the comparison with the 2D version.

5.2.6 Experimental design and setups for the Calendar Clo  ck

The testing of the Calendar Clock starts out very similarly to the Media Browser: prior to the
experiment, all subjects (20) undergo the visual screening procedure and fill out the background
guestionnaire introduced in the beginning of this document (see chapter 3 for more details). The
actual experiment starts again with a two minute free period, during which the subjects are allowed
freely to interact with the application. Subjects are also encouraged to ask questions. The first
impression of the application is measured by using the same user experience and image quality
guestionnaires as used before with the Media Browser application (see Appendix 3 and 4). Before
moving on to the next part, the leader of the experiment ensures that the subject knows what to do

with the user interface.
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The experimental task is about adding new events: the subjects are asked to create a certain event
to happen at a certain time. There are six possible pre-set events (party, meeting, holiday,
birthday, coffee break and dinner) and they can be created to happen at any hour. Prior to each
task the subjects receive a card, which contains information about the event type and starting time.
We have 20 different cards and they are assigned randomly to the subjects. The time to complete
each task is measured. After completing each task the subjects are asked for their subjective

opinion with user experience and image questionnaires.

There are five different parameters to be varied: the eye separation (or the depth distance), focal
plane distance, camera sway, number of the turn of the spiral and the fog-effect. The eye
separation can have two values, so that the perceived depth is either moderate or deep. The focal
plane can have two positions: it can be positioned either in front of everything else or behind the
clock handles. If the position is set to be in front of everything else, it will seem as all the parts of
the interface are behind the focal plane. On the other hand, if the position is set to be behind the
clock handles, then the handles appear to pop out of the interface. The camera sway, meaning that
the camera is swaying slightly, which increases the 3D effect, is either on or off. As one turn of the
spiral represents 12 hours, we will vary the number of the visible turns in order to see whether the
bigger number of turns will confuse the subjects when they are trying to locate the correct date and
time to which to create their new event. The number of visible turn is either 4 or 8. The fog-effect to
be varied means the fogginess of the center of the spiral. This can be either on or off. These
parameters add up to a total of 32 comparisons, plus the additional comparison with the 2D version
of the interface. This comparison is again done in respect to the default values of the 3D version,
so the default settings are as follows: eye separation is moderate, focal plane is set to be in front of

everything else, camera sway is on, there are 4 visible turns of the spiral and the fog-effect is on.

Backup plan

In case this application will not be available for testing as an interactive product, the application can
be tested with still image sequences. These sequences will simulate active use of the application,
showing for example, how events are created and how the calendar is browsed. The subjects will
see the sequences in both 3D and 2D. After viewing the simulations, the subjects are interviewed
about their thoughts and assumptions considering the usage of the Calendar Clock. These
interviews will be recorded. No objective measurements shall be conducted, for there is a little use

to measure anything objective with still images.
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5.2.7 Experimental design and setups for the Media Player and Recorder

The user studies in this phase will be conducted with stereo videos. The original aim of this
experiment is to investigate how the small, mobile S3D display holds attention, for attentional
focusing to the S3D display requires time after looking at the environment. Our hypothesis is, that
the task causes eye-strain and requires constant, conscious attentional focus, a result, that might

lead to the fact, that subjects might prefer to use the traditional 2D display.

In the first part of the experiment, the subjects are asked to record videos of a controlled scene
with both S3D and 2D displays. The scenes are set so, that one is highly depth oriented, one has
depth and a lot of fine details and the last one has only a lot of fine details. The subjects are asked
to rate their video recording experiences with both displays, using a scale ranging from 1 to 10.
Besides these comparisons, it might be useful to compare novice photographers against more
experienced photographers. Also, the user experience and image quality questionnaires

(Appendix 3 and 4) are filled out after the video recording session.

In the second part, the subjects view the videos recorded earlier, displayed in both 2D and S3D
and they are asked to rate them based on which is a better capture of the original scene. These
ratings use the same scale as described above. In addition to viewing the videos from either 2D or
S3D display, we will also vary the resolution of the videos. The same user experience and image

quality questionnaires are again filled out after completing the rating of the videos.

Backup plan

In case the stereo video is not available for testing, the same setup shall be conducted with stereo

photographs.

5.3 Perceptual rendering

20 subjects should be recruited for each test through mailing lists from the University of Helsinki.
Subjects will be rewarded with movie tickets (one ticket per hour). The users fill in the background
guestionnaire (in the Internet) before coming to test. Visual screening is performed, if the subjects

have not attended to earlier studies in this project.

5.3.1 Experimental design and setups for perceptual rende ring: Saliency maps
Subjects' eye movements in a scene are tracked in order to create saliency maps in this study. The
stimulus is an Ul component animation with variation of the following parameters: depth locations

of the objects (do objects at focal plane/convergence point get more attention than others), object
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location in a display (does sweet spot location get more attention than other, more peripheral

areas), size and shape of a given object. Animations are watched in the OMAP-display or PC.

The test procedure is divided in two parts. In the first part, the subjects have no task assigned, but
their eye-movements are recorded. In the second part, the subjects are asked to find a specified
component from the map as fast as they can. Eye-movements are then recorded, as well as the

time it takes to find the component.

Requirements: Bilkent University provides experimental software that shows the stimuli.

5.3.2 Experimental design and setups for perceptual rende ring: Depth cue

The depth perception with the usage of different graphical methods is evaluated in this study. At
the beginning of the experiment the depth scale is defined in an OMAP display. The scale is
defined with an anchoring figure having a large disparity, for example 10 pixels. The depth of this
anchoring figure is defined as 100 by the experiment leader. After the initial anchoring the
anchoring figure disappears and a stimulus figure in which the graphical parameters have been
chanded would appear. The task of the participant would be rating the depth impression of the
stimulus image with a rating scale of 1-100. This would continue until all the stimulus images had

been rated.

The results will show how much the depth impression of an image is diminished if specific depth

cues are left out.

The Ul designs to be used in this experiment are the following: 3D grid, amphitheatre, linear layout,

and the following rendering parameters will be varied:

a) proximity luminance + binocular on/off

b) fog + binocular on/off

c) shading (cool to warm) + binocular on/off
d) boundary enhancement + binocular on/off

e) usage of background and floor + binocular on/off

Requirements: A software showing the stimulus images in OMAP display.

5.4 Stereo video

5.4.1 Experimental design and setups for stereo video ima  ge quality
Usability test settings for stereoscopic capture and image viewing with the OMAP device are

designed in this study. 20 subjects should be recruited for each test through mailing lists from the
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University of Helsinki. Subjects will be rewarded with movie tickets (one ticket per hour). The users
fill in the background questionnaire (in the Internet) before coming to test. Visual screening is
performed, if the subjects have not attended to earlier studies in this project. After each test, the

subjects should be asked if they want to participate in our tests in the future.

The image quality testing will start with anchoring where the best and worst quality are shown to
the participant. The idea is to show the participants the extremes of quality range of stimuli, so that
they would know the variation in quality they could expect in the actual tests that follows. Test
images are shown in random order and repeated 2-5 times during the experiment depending on
the number of experimental parameters that we will vary. The participants are asked to rate them
from 1 to 7. Three rating scales are utilized: the general image quality, naturalness and perceived

depth. Each scale will be rated independently and the time for rating will not be limited.

The experiment will result in mean opinion score values that will indicate the acceptability limits for
specific stereoscopic video and/or photograph parameters. The testing will be conducted with
stereoscopic video if that will be available in time before the final testing of the system. If
stereoscopic video will not be available, the testing will be conducted with stereoscopic
photographs. The parameters varied in the experiments cannot be discussed yet, as the relevant

parameters cannot be determined at this point.

5.5 3D Input techniques

5.5.1 Experimental design and setups for 3D input techniq ues: 3D touch screen
Touching the display may disrupt the stereo effect while touch input technique is used. The goal of

the usability test here is to study how this affects to the use of the interface. This will be measured
comparing the results of a speed test conducted at different depth levels. The subjective

satisfaction / frustration will also be measured.

The number of participants will be 20. They fill in a background questionnaire before coming to the
test. Visual screening is performed if the participant has not attended to the earlier studies in this
project. In addition, the width of the index finger of each participant is measured, since it may have

an effect on the use of the touch screen input device.

A Speed Test software (see Appendix 5 for specifications) will be used to test the effectiveness of
the user interface. In the speed test, a matrix of buttons will be shown to the participant in an
autostereoscopic mobile touch screen. In the matrix, one button at a time changes its color in a

random order. The participant has to follow the color sequence by pushing the buttons in a similar
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order. An auditory feedback signal is given after each successful press of a button. A different
auditory signal is given at the press of an incorrect button and thus, at the end of the speed test.
The time intervals are shortened logarithmically during the test. The test ends when a first wrong
button is pressed and the number of correct hits will be saved as a result of the test. The
participant repeats the speed test multiple times in each depth level of the matrix so that the results
at near, zero and far depth levels can be compared to each other. The zero depth level value
corresponds to the 2D case. The user will also fill in a user experience questionnaire (see

Appendix 4) after each sequence of the speed test.

In case an autostereoscopic mobile touch screen is not available for testing, the tests will be
conducted on a mobile 2D touch screen using anaglyphic technique for stereo effect. The last
backup plan will be to conduct the tests on a stereoscopic PC-screen, where the size of the view

and the viewing distance will be adjusted to simulate the 3D mobile device.

Requirements: A speed test software by Bilkent University which can be run with OMAP display.

5.5.2 Experimental design and setups for 3D input techniq ues: Tilting the device

Tilting of a S3D display is thought to disrupt the 3D effect and make the device hard to use. We
have designed a test therefore to measure to what extent the tilting is obstructing the 3D effect and
the normal use of the Ul. In the test, subjects have to tilt the device in order to complete a visual
search task. Their task is to find a specific image from the Media Browser. For searching to be
done, tilting the device defines scrolling speed in the Media Browser. Content in the Media Browser
will be browsable horizontally and vertically. The target item is given to the subjects from a

randomized set of pictures on a separate computer.

We will measure the time it takes to complete the task as well as the subjective
satisfaction/frustration (the user experience questionnaire, see appendix 4). The assumption is that
horizontal tilting would be almost impossible and vertical tilting possible to certain extent. Control
study will be the same test done in 2D. This way we can measure to what amount the 3D effect is

disrupted by tilting.

The parameters to be varied in this experiment will be the ordering type of the content (horizontal,
vertical or grid), amount of the content (few or several), the scrolling speed sensitivity to amount of

tilting (slow or fast) and the amount of dimensions on display (2D, 3D).

Requirements: Media Browser software that responds to tilting the device
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5.5.3 Experimental design and setups for 3D input techniq ues: 3D Finger tracking
Finger tracking input techniques are not yet in common use since they have many usability
problems. The goal of this usability test is to study how the finger tracking input technique works

with 3D applications. It will also be compared to the 3D touch screen input system.

Here also, the number of participants will be 20 and they will fill in the background questionnaire as

well as do the vision screening tests. The width of their index finger will be measured too.

For the comparison purpose we will use the same testing application, that is, a Speed Test (see
Appendix 5 for specifications), in both 3D touch screen and 3D finger tracking usability tests. See
the experimental design of the 3D touch screen (chapter 5.6.1) for a more precise description of
the test application. The participants will repeat the speed test multiple times for each depth level
using autostereoscopic mobile screen with 3D finger tracking input technique. Their subjective
satisfaction / frustration will be measured with the user experience questionnaire (see Appendix 4)

after each test sequence of the speed test.

The results will tell us how efficient and satisfactory as an input technique the 3D finger tracking is
and how does the depth level affect to the results. We will also be able to compare the 3D finger

tracking and the 3D touch screen input techniques with each other.

In case an autostereoscopic mobile touch screen is not available for testing, the tests will be
conducted on a mobile 2D touch screen using anaglyphic technique for stereo effect. The last
backup plan will be to conduct the tests on a stereoscopic PC-screen, where the size of the view

and the viewing distance will be adjusted to simulate the 3D mobile device.

Requirements: A speed test software which can be run with OMAP display

5.6 Visual ergonomics / Usability testing of the compte system

The final testing phase of the 3DPhone project shall be the testing of the complete system. The
testing will be conducted October-November 2010 and will be divided into three parts:

a) Comparing the system with lenticular and parallax barrier display
b) Testing the system with Holovizio display

¢) A comparison system with which to show non-stereoscopic version of relevant parts of the user

interface. The hardware for this testing will be determined later.

20 participants will participate each of the test case. The aim of the final testing will be the

evaluation of the visual ergonomics and usability of the integrated system developed in the
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project. The participants will utilize the device for 40 minutes performing a set of tasks that are
given them at the beginning of the experiment. The exact tasks cannot be determined at this point,
as we do not know what functionalities will be available for testing. The testing procedure will be as

folllows:

1. Visual screening of the participants. We will ensure that the participants have a visual system
that does not have dysfunctionalities that might affect stereoscopic perception or increase
suspectibility to eye strain. A number of preset exclusion limits will be determined, which will be
utilized to exclude participants with problems in vision. It is especially important to exclude
participants who are stereoblind, or who have significant amounts of heterophoria or other

vergence dysfunctionalities.
2. Background questionnaires.

3. Pre-test sickness and eye strain questionnaires. The participants will fill in Simulator Sickness
Questionnaire (SSQ; Kennedy et al, 1993) and Visual Symptoms Questionnaire (VSQ; adapted
from Howarth and Istance, 1985) which measure the subjective state of the participants. The
guestionnaire results will be utilized to find out whether any of the participants have a significant

amount of sickness symptoms already before the experiment.

4. Pre-test visual functioning measurement. Immediately before testing we will measure horizontal
heterophoria and near point of accommodation to quantify the state of the muscle systems
controlling the vergence and accommodation of the lens. The heterophoria will be measured with

Maddox Wing and near point of accommodation with RAF gauge.
5. Test tasks (40 minutes)

6. Post-task visual functioning measurement. Immediately after testing we will measure horizontal
heterophoria and near point of accommodation to quantify the state of the muscle systems
controlling the vergence and accommodation of the lens. By comparing the pre- and post-task
visual functioning measurements we will be able to objectively measure the amount of strain

induced to the muscles controlling vergence and accommodation.

7. Post-test sickness and eye strain questionnaires. The participants will fill in Simulator Sickness
Questionnaire (SSQ) and Visual Symptoms Questionnaire (VSQ) which measure the subjective
state of the participants. The values are utilized to find out the amount of subjective sickness and
strain experienced by the participants. However, the pre- and post-test questionnaire values are

not numerically compared to each other, as they are not directly comparable. Instead of that we will
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utilize the absolute values derived from the post-test sickness questionnaires to describe the level

of sickness present in the participants.

8. Usability questionnaires. The final part of the test will be a usability questionnaire that will cover

the applications and use that will be selected to the test.

The final testing enables us to understand how well the project succeeded in producing usable and
satisfactory device, but also to ensure that the device is safe to use, i.e., it is not causing adverse

symptoms or strain of the visual system.
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APPENDIX 1: Background guestionnaire

Background questionnaire 3DPhone
v. 1.01 (06/2010)

Subject number: Date & time:

Basic information

1. Gender
o Female
o Male

2. Age ___ years
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3. Handedness:

o Right

0 Left
4. Do you have any neurological disorders, diagnosed by a doctor (for example.
ADHD)?

o0 Yes, | have:

o No

Work and education

5. Occupation:

6. Work description:

7. How many hours do you spend daily doing work that requires near vision (for
example use computer / read / write)? hours

8. Your education:
9. What is / was your educational institute and what subject is / was your major?

3D applications and computer usage
10. Have you ever...
a) used 3D displays?
0 Yes, what kind of?

o No
b) watched 3D movies?

o Yes, what kind of?

o No

c¢) watched 3D images?
o0 Yes, what kind of?

o No
11. Have you ever used any virtual reality devices (for example CAVE)?

o Yes, what kind of?
o No

12. How many hour do you use computer weekly? hours
13. Please evaluate, how experienced you are with computers.

0 No experience

0 Basic knowledge
0 Average user

o Skilled user
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(0]

Expert user

Previous experiences with touch screen devices

14. Have you ever used a mobile phone or other mobile device with a touch screen?

0]
0]
0]

No
Yes, | have tried a couple of times
Yes, | use such a device frequently

15. Do you own a mobile phone with a touch screen?

0]
(0]

Yes, what kind of?
No

16. How do you feel about user interfaces with touch screen?

(0]

0]
(0]
(0]

| have not tested
They are complicated to use
They are intuitive
They are comfortable to use

Usage of mobile phone

17. Select all the properties of a mobile phone, that you use once in a week or more

often:

OO0 000000000000 0DO0OO0OD0ODO0OO0OO0OO0OO0

making and receiving phone calls
sending sms messages
alarm clock

remainders

calendar

taking pictures

recording videos

sending and receiving pictures and / or videos as multimedia messages
music

radio

navigator

Internet browser

video phone calls
reading emails

replying emails

games

dictionary

currency converter
calculator

reading and writing notes
opening attachments

tv

phone calls with speaker

Tendency to get nauseated
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18. How often do get nauseated when travelling with for example a car, bus, train or

ship?
0 Never
o Rarely
o On occasion
o Often
o Everytime

Tendency to have headaches
19. Do you have a tendency to have migraines, diagnosed by a doctor?

0o Yes
o No

20. On average, how often do you get headaches?

o Never

o Once or twice during my life
o Every couple of years

0 Once or twice in a year

0 Once in a month

0 Oncein a week

Eye-sight
21. Have you been assigned to use eye glasses?
0 Yes
What kind of (for example normal / bifocals / contact lenses)?
When do you use glasses (for example when working with computer /
when reading / continuously)?
o No

22. Have you ever had, or do you have now any eye related illnesses? (does not
include eye glasses)

o Yes, what kind of?
o No

APPENDIX 2: Visual screening

Visual screening 3DPhone
v. 1.01 (06/2010)

Subject number: Date & time:
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If the main experiment lasts over an hour, these visual tests can be conducted on a different day. If the main
experiment last less than an hour, then these visual tests should be conducted just before the experiment. If
the subject does not reach the pre-set limits, he or she cannot participate in the experiment. Should the
subject be declined from participating, he or she should be informed, that the tests conducted are not official
diagnoses of the visual performance, for the tests are not conducted by ophthalmologist or optometrist.
These pre-tests should be conducted in good lighting conditions, preferably in a laboratory ( ).

The subject has been assigned to use eye glasses Yes No
If "Yes”, are the glasses on? (If not, the tests should be be postponed) Yes No

1) Distance visual acuity (left and right eye, viewing distance of 3 m, LeaNumbers).

Notice! Make sure that the test board has even lightning! (at least 500 lux, preferably some
extra lamps).

2)

Near visual acuity (first with both eyes, then left and right eye separately, viewing distance of 40
cm, LeaNumbers)

3)

Interpupillary distance (both are holding the device, set the slider to infinity ( ) , set R/L to be
binocular (BIN), ask subject to look at the green dot, set the lines to be in the middle of the pupil
and then read the results).

I"## $ % ! &

4)

The stereo acuity (TNO Randot test, plates V-VII, viewing distance of 40 cm, ask subject to
answer verbally)

" stereoscopic acuity of 240

seconds of arc

5)

Lateral phoria (heterophoria) (Maddox wing, keep the device horizontally, both eyes open. Ask
to tell the number to which the white arrow is pointing at).

1 ! " ( 1 ! " un

#' Co

6)

Vertical phoria (hyperphoria) (Maddox wing, keep the device horizontally, both eyes open. Ask
to tell the number to which the red arrow is pointing at).

' I #'

7

The AC/C-ratio (Maddox wing, add lenses of +2.75, keep the device horizontally, both eyes
open. Ask to tell the number to which the white arrow is pointing at)
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8) The near points of convergence (RAF Gauge, keep the device horizontally, ask subject to look
at the vertical line with a dot on it, tell the subject to say stop, when the line starts to get thicker
or starts to duplicate, the leader of the experiment moves the stimulus).

9) The near points of accommodation (left and right eye) (RAF Gauge, keep the device
horizontally, ask the subject to look at the smallest still sharp letter, tell the subject to say stop,
when the letter starts to get blurry, the leader of the experiment moves the stimulus).

ADDITIONAL INFORMATION:

APPENDIX 3: Image Quality questionnaire

Application query 3DPhone
Image quality v. 1.01 (06/2010)
Subject number: Date & time:

Please evaluate the image quality of video / application you have just seen / used. The scales are
from 1 to 10, so that 10 is the best mark you can give.

Overall quality
1 2 3 4 5 6 7 8 9 10

Perceived sharpness
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Evaluate the overall sharpness of the picture.

1 2 3 4 5 6 7 8 9 10

Overall depth
Evaluate the overall depth effect.
1 2 3 4 5 6 7 8 9 10

Naturalness
Evaluate the overall reality-likeness of the image.
1 2 3 4 5 6 7 8 9 10

APPENDIX 4: User Experience questionnaire

Application query 3DPhone
User experience v. 1.01 (06/2010)
Subject number: Date & time:

Please evaluate the application you have just used. The scales are from 1 to 10, so that 10 is the
best mark you can give.

Ease of use
Evaluate how easy the application was to use.

1 2 3 4 5 6 7 8 9 10

Usefulness of the application
Evaluate how useful you think the application is.
1 2 3 4 5 6 7 8 9 10

Usefulness of the stereoscopic 3D effect
Evaluate how useful you think the stereoscopic 3D effect is when interacting with the application.
1 2 3 4 5 6 7 8 9 10
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Overall satisfaction

Evaluate how satisfying it was to use the application.

1

2 3 4 5 6 7 8 9 10

APPENDIX 5: 3D Speedtest Specifications

Specifications for the 3D Speed Test software

An overall description of the Speed Test fromtheu  ser’s point of view

A matrix of buttons will be shown to the participant in an autostereoscopic mobile touch screen. In
the matrix, one button at a time changes its color in a random order. The participant has to follow
the color sequence by pushing the buttons in a similar order. An auditory feedback signal is given
at each successful press of a button. A different auditory signal is given at the press of an incorrect
button and thus, at the end of the speed test. The time intervals are shortened logarithmically
during the test. The test ends when a first wrong button is pressed and the number of correct hits
will be saved as a result of the test. The participant repeats the speed test multiple times in each
depth level so that the results at near, zero and far depth levels can be compared to each other.
The zero depth level value corresponds to the 2D case.

More precise specifications for the Speed Test soft  ware

The configuration text file:  The software will read the parameter values from a configuration
text file. The parameters to be read are listed below.

The results text file:  The software will write a results text file in which some information is
saved and separated by semi-colons. The information that should be stored in the results text
file is listed below.

The auditory signals: At each successful press of a button, there will be an auditory signal.
The signal resembles a real voice from a push of a physical button (‘click’). At the incorrect
press of a button, which ends the test, there will be a different auditory signal — an uglier one.
The information query at the beginning of the test: At first, there will be a text field, where
the test controller fills in the number of the participant (the user id). This id is stored and
retrieved when the results files are generated.

The initial state of the test: At the very beginning of the test, a ‘Start’ -button will be shown.
The progression of the test:

0 After the user has pushed the ‘Start’-button, a matrix of mutually congruent buttons will
be shown in a certain depth level for a period of time. The starting depth level will be
defined randomly from the configuration file. The values for the size, shape, color and
spacing of the buttons as well as the position and size of the matrix and the colors of
the scene will also be read from the configuration text file.

0 After the ‘empty’ button matrix has been shown for a while, one of the buttons, which is
randomly selected, will change its color for a period of time.

0 After the first color change, the matrix of mutually similar buttons is again showed for a
period of time.

0 The next randomly selected button will then change its color for a period of time, and so
on.
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0 The time periods will shorten by a defined factor each time as specified in the
configuration text file.

0 The test goes on until the user has pressed a wrong button, that is, the order of the
buttons pressed does not anymore follow the order of the color changes.

0 When the first test sequence ends, a ‘Game over’ -text with the score number, ‘Please,
fill in the questionnaire’ -text and ‘Start a new game’-button will appear on the screen
and the results file is written. The name of the results file will include the user id number
and the order number of the test repetition for this user as explained more precisely
below.

0 When the ‘Start a new game’ button is pressed, the depth level for the next test is
defined randomly, yet so that there will be a certain number of test sequences for each
depth level in total as defined in the configuration text file.

0 The testis repeated in this way until the last repeat of the test is over, the case in which
the ‘Game over’ text with the score number, ‘Please, fill in the questionnaire’ and ‘Thank
you for participating!’ texts will appear on the screen and the last results file for this user
is written.

Parameters to be read from the configuration textf ile:

time period between the push of the start-button and the first color change

starting level of the time the target button is shown in color

starting level of the time interval between the color changes

coefficient of the time change for the time period the target button is shown in color
coefficient of the time change for the time period between the color changes

depth levels of the button matrix (3 different depth level values: near, zero and far, are defined here)
number of the repetitions of the test in each depth level

size of the button matrix (n*n)

size of a single button

. shape of a button (sphere or cube)

. Spacing between the buttons

. position of the button matrix on the screen

. colors of the scene (background color, basic button color, target button color)

Values to be stored in the results text file:

date and time

order number of the test for this user

user id

score

depth level used in this repetition of the test
parameter values of this test from the configuration file

The name of each results text file:

The results text file is written after each repetition of the speed test for each user. The name of the
results text file will be a five-digit representation of the user id number, a dash and a three-digit
representation of the test number for that user (e.g. for the first repetition of the test by the user id
= 2 the file name would be 00002-001 and for the second repetition of the test by the user id = 10
the file name would be 00010-002).
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APPENDIX 6: NASA-TLX
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