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Video is a complex information space that requires advanced navigational 
aids for effective browsing. The increasing number of temporal video anno-
tations offers new opportunities to provide video navigation according to a 
user's needs. We present a novel video browsing interface called TAV (Tem-
poral Annotation Viewing) that provides the user with a visual overview of 
temporal video annotations. TAV enables the user to quickly determine the 
general content of a video, the location of scenes of interest and the type of 
annotations that are displayed while watching the video. 

The visual overview of TAV consists of an enhanced video timeline with icons 
representing the location and content of each temporal video annotation. 
Icons provide more semantic information for navigation than other visual 
cues, such as colour stripes which are abstract and difficult to distinguish. 
However, icons also require more space on the video timeline. This soon be-
comes a problem with the increasing density of temporal video annotations 
throughout the video. Additionally, the emerging trend for consuming vi-
deo on devices with small screens, such as mobile phones, motivates our 
research. We present a novel solution called SCADE (Scaling with Defor-
mation) that adjusts the appearance of icons according to available screen 
real-estate while keeping the advantage of incorporating detailed semantic 
information.

In our user study, we evaluate the trade-off between detailed semantic in-
formation and limited screen real-estate by comparing the finding time of 
video scenes when icons or colour stripes are used as visual cues on the 
video timeline. Our results show that icons provide the user with more infor-
mation to reason about the content of a video scene while having a finding 
time similar to colour stripes. However, with an increasing density on the 
video timeline the search with icons is still slower than with colour stripes. 

Future work will include further development of TAV and SCADE to integrate 
the results from participants feedback, as well as an extended user study to 
evaluate the improvements.
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1. IntroDUctIon

This thesis is the result of a research intern-
ship at the Human Communication Techno-
logy Laboratory of the University of British 
Columbia. In this introductory chapter, we 
give background information on the research 
internship, followed by a description of the re-
search project and the user interface concept 
covered in this thesis. Finally, we explain the 
research process for developing the remai-
ning part of this thesis.

1.1 research InternshIp 

Figure 1.1: Research internship facilitation agree-
ment made effective on August 11, 2009, between 
the Hochschule Harz in Germany and the University 
of British Columbia in Canada.

The work presented in this thesis is the result 
of a collaboration between the University of 
British Columbia (UBC) in Vancouver, Canada, 
and the Hochschule Harz (HH) in Wernigerode, 
Germany (Figure 1.1). Between both universi-
ties a research internship facilitation agree-
ment was made effective on August 11, 2009. 
In this agreement, both universities ensure to 
provide exchange students with the opportu-
nity to gain practical research experience in a 
research internship. 

This thesis is the result of a first exchange bet-
ween the degree program Computer Science 
in Media (B.Sc.) of HH and the Human Com-
munication Technology Laboratory (HCT) of 
UBC which took place from February 2 to Au-

gust 23, 2010 (Figure 1.2). The purpose of this 
exchange was to enhance the practical know-
ledge acquired in Computer Science in Media 
with the advanced research skills imparted at 
the HCT Laboratory. 

Figure 1.2: First exchange between the degree pro-
gram Computer Science in Media („Medieninforma-
tik“) of HH and the HCT Laboratory of UBC.

The degree program Computer Science in 
Media at the Department for Automation and 
Computer Science of HH educates undergra-
duate students in concept, design, realization 
and marketing of digital content for multimo-
dal applications. The degree is divided into 
two equally weighted core areas. The first core 
area focuses on technical courses, such as ma-
thematics, computer graphics and coding, 
whereas the second core area aims at impar-
ting knowledge in creative courses, such as 
graphical design, photography, film, audio, 
animation and interface design. 

The HCT Laboratory at the Department of 
Electrical and Computer Engineering of UBC 
researches issues concerning the use of in-
formation technology for realizing effective 
communication of human experience. Based 
on this, the laboratory tries to explore, create 
and develop new technologies that support 
communication in novel ways. 

1.2 research project myvIew  

During the stay at the HCT Laboratory, we 
worked on the MyView project. Within the last 
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1 A context aware system in the video domain acquires its context by collecting information from the video frames, by abstracting 
and understanding the content of the video frames and by applying behaviour based on the context in the video frames [47]. For 
instance, by counting how many scores a player made in a hockey game until a certain scene, the system knows that when the 
player is selected in this scene, information about player scores until this scene are requested.
2 A multi-video space is a collection of videos that cover a common context, such as the playing field of a hockey game.

3

to extend the current collection of user inter-
face concepts by focussing on how temporal 
video annotation can support video navigati-
on and video search according to a user‘s in-
terests. In the following section, we introduce 
our work on temporal video annotation and 
motivate our research.  

1.3 thesIs context: temporal annotatIon vIewIng  

Although video annotation is a growing phe-
nomenon, the current approach for viewing 
and finding video annotations is still at a basic 
level. Even though many annotations refer to 
a specific subset (or scene) of the video and 
are therefore temporal in nature, the establis-
hed approach does not take this characteris-
tic into account. On popular video platforms, 
such as YouTube, video comments (a widely 
used type of annotation) are displayed in a 
single entry list that does not change during 
playback (Figure 1.4). However, we believe 
that this static approach is not appropriate 
for a time-based medium, such as video. We 
propose that video annotations are displayed 
simultaneously with the scene to which they 
refer.

Figure 1.4: Static video comment list on YouTube
that does not change during video playback. 

Furthermore, enabling the user to add tempo-
ral video annotations provides new opportu-
nities for browsing video. The static approach 
for visualizing video annotations cannot be 
easily used to provide navigational cues. How-
ever, with a temporal approach video anno-

years more than fourty researchers participa-
ted in the MyView project and developed the 
framework used for on-going research. 

MyView is a system for the creation and play-
back of multiple streams of context aware1 
video data (Figure 1.3). The novel techniques 
developed in the MyView project are current-
ly applied to an ice hockey broadcast event. 
Instead of watching the linear video sequence 
predefined by a broadcast director, all camera 
angles located around the hockey field are di-
rectly delivered to the viewer. Based on this, 
the viewer gains the ability to, for instance, 
switch between camera angles according to 
his personal interest and to select ice hockey 
players to retrieve additional information, 
such as player statistics. 

Figure 1.3: In the MyView project, we explore novel 
techniques for creating and interacting with video. 

To provide the viewer with this interactive 
enriched video content, the MyView project 
contains three components: a multi-camera 
capture, both online and offline processing 
services for human tracking and identification 
and an interface for browsing in the resulting 
multi-video space2. 

In this thesis, we focus on the third compo-
nent: the interface for browsing the context 
aware multi-video space which is called the 
VideoDiver. The VideoDiver allows the user 
to personalize his video experience by inter-
acting with the video content. Within the last 
years, we developed three user interface con-
cepts for the VideoDiver which are explained 
in detail in chapter 2. The goal of this thesis is 
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video on devices with small screens, such as 
mobile phones, creates a need for a novel so-
lution addressing the issue of limited screen 
real-estate. 

In this thesis, we present a novel solution that 
scales icons with deformation to adjust their 
appearance according to the available screen 
real-estate while remaining the advantage of 
incorporating detailed semantic information.

1.4 research process for thesIs Development

To develop our novel solution, we first study 
existing work on the MyView project to gain 
a better understanding of recent issues in the 
field of personalized video browsing (chapter 
2). Afterwards, we define our research field 
and review related literature to subsequent-
ly define our research question (chapter 3). 
Based on this, we derive our novel solution 
and describe our prototype implementation 
(chapter 4). We then explain how we prepa-
re and conduct a user study to evaluate our 
novel solution (chapter 5). Finally, we state 
our conclusion and give an overview of future 
work (chapter 6).  

4

tations can be used to support the user with 
additional information, such as the scene con-
tent and locations of interest. We believe that 
providing the user with a visual overview of 
temporal video annotations improves video 
navigation speed. 

In addition to the problem of non-temporal vi-
deo annotation, there is also a lack of filtering 
mechanisms. The increasing number of anno-
tations requires an interface that enables the 
user to define which annotations are relevant. 
For example, only the annotations made by a 
specific person (such as a friend) or the anno-
tations related to a specific event in the video 
(such as a goal in a sporting event). 

Figure 1.5: Colour cues showing the location of 
temporal video annotations.

In this thesis, we explore how visual cues po-
sitioned on a video timeline to represent the 
location and content of temporal video anno-
tations support video navigation and video 
search. We believe that visual cues in the form 
of icons provide more effective navigational 
aids than the widely used colour stripes. We 
suggest to use icons due to the fact that their 
visual appearance provides more detailed se-
mantic information than the commonly used 
colour stripes which are abstract and difficult 
to distinguish (Figure 1.5). 

However, icons require more space on the vi-
deo timeline which quickly becomes a prob-
lem with the increasing density of temporal 
video annotation throughout the video. Fur-
thermore, the emerging trend for consuming 
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3 Metadata provides information about the content of a video. For example, a single video frame may include metadata that de-
scribes what is seen in the video frame or may include technical data, such as the frame resolution and colour depth. Metadata is 
especially useful in video since information about the content of a video frame is not easily accessible by a computer. 

    

My View

Capture Process Browse

Multi-View
Selection

Object 
Selection

Video 
Search

History
 Browsing

Figure 2.1: MyView project overview. In this thesis 
we focus on the browsing interface and develop a 
new interface concept for video search.

2.2 motIvatIon: personalIzeD vIDeo experIence

Since television became popular in the early 
50‘s, watching video has been mostly a pas-
sive experience. People settled down in front 
of a TV screen to consume video in the way it 
was produced by the director. Video was wat-
ched as a linear playback from the start to the 
end without enabling the user to interact with 
the video content. 

Although the technical progress in compu-
ters and the availability of high speed internet 
access provide new opportunities for interac-
ting with video, the viewing experience still 
follows the established television paradigms. 
When watching video on popular sites, such 
as YouTube, the user is still only provided with 
traditional video transport controls, such as 
fast-forward, rewind and pause/play, but ad-
ditional functionality to customize the view-
ing experience is missing.

We believe that video browsing is a highly 
personal experience and that new interface 
concepts for browsing video are required. For 
instance, when watching an ice hockey game 
a user might be interested in a certain player 
and wants to see only the camera angle that 
focuses on the player. However, in the estab-
lished approach the decision which camera 
angle is shown in the video is made by the 

2. myvIew project

Our work is part of the MyView project. In the 
following sections, we list the components of 
the MyView system and motivate the project 
by giving reasons why personalized video 
experience is an emerging research topic. 
Finally, we describe the MyView video brow-
sing interface called VideoDiver due to the 
fact that we set the focus of our thesis on this 
component.

2.1 components of the myvIew project

MyView is a system for the creation and play-
back of multiple streams of context aware vi-
deo data. In the MyView project we develop 
three components in parallel: the multi-came-
ra capture, both online and offline processing 
services for human tracking and identification 
and an interface for browsing in the resulting 
multi-video space (Figure 2.1). 

In this thesis, we focus on the third compo-
nent: the interface for browsing the context 
aware multi-video space which is called the 
VideoDiver. The VideoDiver allows the user 
to personalize his video experience by inter-
acting with the video content. Within the last 
years, we developed three user interface con-
cepts for the VideoDiver: the multi-view navi-
gation for switching between camera angles, 
the object selection for accessing metadata3 
and the history browsing for reproducing 
and sharing the personal video experience. 
The goal of this thesis is to extend the current 
collection of user interface concepts by focus-
sing on how enhanced video timelines can be 
used as a navigational aid for personalized vi-
deo browsing.  

The following sections cover our motivation 
to create the VideoDiver and describe its three 
existing components to lay out the foundati-
on for further discussion of the novel user in-
terface concept we develop in this thesis. 
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where no available gestures or built-in-ele-
ments are appropriate. 

In the following sections, we describe the ini-
tial video content and camera selection when 
launching the VideoDiver and explain the user 
interface.

2.3.1 selectIng vIDeo content anD camera

    

Figure 2.2: Selection of a video content. 

After launching the VideoDiver, the user is 
presented with an interface that displays the 
available video content (Figure 2.2). For test 
purposes, we install video content from an ice 
hockey game in high and low resolution. 

    

Figure 2.3: Selection of a camera angle. 

After selecting a content, the user enters a se-
cond screen that shows which camera angles 
are available for his previous content choice 
(Figure 2.3). 

Currently, the user has to select the camera 
angle manually. However, we plan to integra-
te a search algorithm that automatically pro-
vides the user with the best camera angle, for 
instance, on a certain hockey player.
 

director who chooses the best view for the 
entire audience. Enabling the user to choose 
the camera angle allows him to browse the 
video more efficiently according to his wants. 
Additionally, the user might be interested in 
accessing information that is related to the vi-
deo content. For instance, the user wants to 
see how many goals a certain player scored 
until the current playback time of the video. 
Enabling the user to access this information 
by interacting with the video content will en-
rich the user‘s viewing experience. 

Creating new interaction paradigms for acces-
sing video data in a personalized way will take 
the user‘s viewing experience to the next le-
vel. Video will no longer be watched as a line-
ar sequence of images, but will be navigated 
through in multiple ways, enabling each user 
to have his own view on the video data. 

2.3 vIDeoDIver: a mUltI-vIDeo BrowsIng Interface

To address the lack of interaction with video 
content, we develop the VideoDiver, a novel 
browsing interface that enables the user to 
navigate a context aware multi-video space 
according to his interests. 

We build a proof-of-concept-implementation 
of the VideoDiver on the iPhone by reason of 
an emerging trend for consuming video on 
mobile platforms. However, the multi-touch 
control of current mobile devices has signifi-
cant differences compared to the traditional 
keyboard/mouse input as known from perso-
nal computers. 

While developing the VideoDiver, we focus 
on the use of predefined gestures and built-
in elements of the iPhone because users are 
already aware of their functionality. We adapt 
them for the VideoDiver whenever possible 
and invent new interaction paradigms only 
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Figure 2.6: The iPhone built-in video player is used as 
a template for the VideoDiver.

Like the built-in video player, the VideoDiver 
displays the video content in fullscreen to 
completely immerse the user in the viewing 
experience. By tapping the screen once, an 
on-screen display (OSD) is shown that con-
tains a scrubber bar with time labels on top of 
the screen and the traditional video transport 
controls play/pause, fast-forward and rewind 
in the middle of the screen (Figure 2.5). How-
ever, this functionality is not sufficient for in-
teractive video in which a user can choose his 
preferred camera angle and can access me-
tadata embedded in the video content. The 
VideoDiver enhances the OSD with new inter-
active elements for the multi-view selection 
(Figure 2.5: VideoGrid, VideoFlow) and enab-
les the user to directly interact with the video 
content on the screen, for instance, by selec-
ting objects to view additional information. 

In the following sections, we explain the three 
components of the VideoDiver that allow the 
user to browse the context-aware multi-video 
space and demonstrate how they contribute 
to a personalized video experience.

2.3.3 mUltI-vIew selectIon

In multi-camera broadcast events, the broad-
cast manager usually selects the most appro-
priate camera angle for the entire audience.  
However, the director‘s choice becomes inap-

Figure 2.4: The VideoDiver loading screen after 
selecting a content and a camera.

After selecting the camera angle, the Video-
Diver starts the content loading as described 
in figure 2.4 and displays the video browsing 
interface.

2.3.2 enhanceD traDItIonal vIDeo player

 

2 3 4 5 6

1

7

Figure 2.5: VideoDiver Interface: 1) Video timeline, 
2) VideoGrid, 3) Rewind, 4) Play/Pause, 5) Fast-For-
ward, 6) VideoFlow, 7) Volume Slider

The VideoDiver user interface is built on top 
of a traditional video player. We use the iPho-
ne built-in video player as a template to add 
the functionality for browsing a context-awa-
re multi-video space (Figure 2.6). The iPhone 
built-in video player is used for watching non-
interactive video. However, for our advanced 
video browsing interface, we can adapt seve-
ral user interface elements and the look and 
feel to provide the user with a common user 
interface that facilitates orientation. 
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When activated, the currently watched camera 
angle is centered on the screen. The adjacent 
cameras are arranged either on the left or the 
right side according to their spatial positions 
to the currently active camera. This allows the 
user to understand the spatial arrangement 
of multiple camera angles covering a shared 
physical space.

VideoFlow is based on the CoverFlow functio-
nality of the iPhone built-in iPod application 
and adapts its gestures (Figure 2.8). Dragging 
with the finger on the screen moves the over-
view to the left or right, a single tap on one of 
the videos activates it and causes the Video-
Diver to return to the video player. We adjust 
the static representation of images as known 
from CoverFlow to animated video represen-
tations for the VideoFlow to fit the time-based 
nature of video.

Figure 2.8: CoverFlow from the iPhone built-in appli-
cation iPod is adapted for the VideoFlow functiona-
lity of the VideoDiver. 

While VideoFlow provides the user with a com-
mon interface for browsing through a collec-
tion of content representations, it has several 
limitations when adapted for spatial repre-
sentation purposes. Currently, VideoFlow only 
works for camera angles that are horizontally 
aligned while a concept for browsing the ca-
mera angles vertically is in progress. Further-
more, VideoFlow only shows which camera 
angles are adjacent, but does not provide the 
user with information on the spatial distance 

propriate when a user is interested in specific 
parts of the video and thus, the video content 
selected for the entire audience does not fit 
his personal interests. We believe that for the-
se cases the role of the broadcast manager 
needs to be extended to the single user, ena-
bling him to select the best view according to 
his own preferences. 

Giving the user access to a multi-video space 
requires new interaction paradigms to effec-
tively browse the collection of related videos. 
All camera angles in a multi-video space cover 
a shared physical space, for instance, the play-
ing field of a hockey game, but have different 
spatial areas and temporal boundaries. Dis-
playing the spatial and temporal boundaries 
of camera angles in an interactive overview 
provides the user with the most effective 
choice according to his personal interests.      

In the following sections, we present our 
two multi-view selection interfaces called Vi-
deoFlow and VideoGrid. Futhermore, we pre-
sent VideoSwiping as an interaction method 
for switching between adjacent camera ang-
les and show how automatical view selection 
via search criteria can support the user in his 
personalized video experience. 

VideoFlow

Figure 2.7: VideoFlow displays camera angles accor-
ding to their horizontal spatial relations. 

In VideoFlow, a spatial overview of all camera 
locations is presented to the user (Figure 2.7). 
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figure 2.9, have to have a certain size in order 
to provide the user with information on the 
video content. Due to the required size of ca-
mera representations and the limited screen 
real-estate, a high number of cameras angles 
causes scrolling of the VideoGrid. Future work 
will examine filter and search mechanisms to 
show only the camera angles that correspond 
to a user‘s interest.

VideoGrid is activated by tapping the outer 
left button on the OSD (Figure 2.5). As seen in 
VideoFlow, the camera overview of VideoGrid 
is displayed on a seperate screen due to limi-
ted screen real-estate on the iPhone. 

Figure 2.10: Safari user interface for selecting favori-
te bookmarks is adapted for the VideoGrid functio-
nality of the VideoDiver. 

VideoGrid is based on the bookmarks over-
view functionality of the Safari webbrowser 
(Figure 2.10). Dragging with the finger on the 
VideoGrid moves the overview to the left and 
right, respectively up and down. A single tap 
on one of the videos representations activates 
the corresponding video and causes the Vide-
oDiver to return to the video player. 

VideoSwiping

Beside the option to choose one camera ang-
le from the set of all available cameras, we 
also enable the user to switch between adja-
cent camera angles without leaving the video 
player.

between camera angles. As known from Co-
verFlow, VideoFlow only shows a small num-
ber of camera angles and their relations at 
once. However, it might be necessary for the 
user to make his choice based on a comple-
te overview of all spatial relations between 
camera angles. Finally, the user has to skim 
through VideoFlow to see all available came-
ra angles which is not appropriate for a high 
number of cameras angle. 

VideoFlow is activated by tapping the outer 
right button on the OSD (Figure 2.5). The acti-
vation of VideoFlow results in leaving the con-
text of the video player due to limited screen 
real-estate on the iPhone. However, the acti-
ve camera angle continues playing in the Vi-
deoFlow interface.

Videogrid

Figure 2.9: VideoGrid displays camera angles accor-
ding to their horizontal and vertical spatial relations. 

VideoGrid presents all available camera ang-
les in a matrix display mode (Figure 2.9). Ca-
mera angles are sorted in rows and columns 
enabling the user to make his choice based 
on the overview. VideoGrid is used to display 
the horizontal relations between camera an-
gles by arranging them in rows and the ver-
tical relations by arranging them in columns. 
However, VideoGrid currently does not work 
when camera angles are not equally distribu-
ted among the physical space they share. Fur-
thermore, camera representations, as seen in 
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on the user‘s interest. This becomes especially 
helpful with an increasing set of available ca-
mera angles which is difficult to explore ma-
nually. 

The indirect search automatically provides the 
user with the best camera angle according to 
his wants by self-directed switching, for in-
stance, to the camera angle that has the best 
quality of view on a certain ice hockey player. 

We believe that the combination of direct and 
indirect selection of camera angles provides 
the user with new opportunities for accessing 
a multi-video space.

2.3.4 metaData access throUgh oBject selectIon

Figure 2.13: Object selection with bounding boxes, 
for instance, ice hockey players on the playing field.

Metadata contains additional information 
about the underlying video content, such 
as player statistics and hyperlinks to related 
websites or videos. In the following sections, 
we describe how metadata can be accessed 
through the selection of objects within a vi-
deo.

deFinition oF objectS

Objects are recognizable named regions 
within a video scene, such as hockey players, 
referees, coaches, the puck or advertisement. 
They are displayed as interactive areas which 
enable the user to define his selection. The 
selection of objects can be used to access ad-

Figure 2.11: The swipe gesture allows the user to 
switch between adjacent camera angles.  

VideoSwiping (Figure 2.11) is based on the 
swiping gesture of the iPhone built-in Pho-
to application (Figure 2.12). Dragging to the 
left on the screen pushes the current camera 
angle out of the video window and displays 
the camera angle adjacent to the right. Drag-
ging to the right results in displaying the ca-
mera angle adjacent to the left. This allows 
the user to step through each camera angle 
while remaining spatial and temporal context.  

Figure 2.12: The swipe gesture is adapted from the 
iPhone built-in application Photos.

View Selection Via Search

Beside these options to directly determine 
which camera angle is shown in the video 
player, there is also a need for an indirect 
approach. Users might be interested in, for 
instance, a certain player or a specific event 
during an ice hockey game. The effort of se-
lecting the best camera angle manually can 
be avoided by applying a search depending 
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Results of our user study show that the com-
mon chase technique is faster with large and 
slow objects, whereas the pause approach is 
advantageous for small and fast moving tar-
gets. 

reSulting action From object Selection

There are several open issues for object selec-
tion that we address in our work. First, it is not 
obvious what the resulting action from selec-
ting an object is. For instance, a selection can 
imply that the user wants to see additional in-
formation for the object or it can express that 
the camera angle should adjust automatically 
according to the best view for this object. We 
explore ways how the user can be informed 
about the available options and how he can 
make an effective selection. For this, we need 
to consider that the video might continue 
playing while the user makes his selection and 
that every interface element on the screen hi-
des the underlying video content. 

diSplaying object Selection State

Furthermore, we examine how the selection 
state of objects can be displayed. A common 
approach to enable object selection is to use 
bounding boxes that are drawn as rectangular 
shapes around an object (Figure 2.13). Howe-
ver, bounding boxes do not fit the shape of a 
selected object, such as an ice hockey player. 
When the distance between objects decrea-
ses, the imprecise object outline caused by 
a bounding box results in an increased error 
rate due to overlapping effects. 

In the MyView project, we use background 
subtraction masks for each frame that enable 
us to display the active selection of a hockey 
player as described in figure 2.14. This ap-
proach avoids overlapping areas that appear 
when using bounding boxes. However, co-
louring a player‘s body results in a modified 

ditional information, for instance, selecting a 
player results in the player‘s statistics being 
displayed right next to him. Selected objects 
can also be used to build up a hyperlink struc-
ture between camera angles. For example, if 
a selected hockey player leaves the current 
camera angle, the video player automatically 
switches to the next camera angle with a bet-
ter view point. 

unique object identiFier

To identify an object in each video frame and 
across multiple camera angles, a unique iden-
tifier for each object is required. The identifier 
enables the object to serve as an active hy-
perlink between videos and as a criteria for 
search. 

object Selection

Objects in a video can be static or moving by 
nature. Static objects, such as advertisement 
banners on the sport field sideline, can be ea-
sily selected due to the fact that they main-
tain their spatial location in the video frame. 
However, moving objects, such as hockey 
players, are difficult to select because their 
movements are non-predictable and often 
fast. Furthermore, hockey players tend to 
overlap each other when trying to reach the 
puck which makes effective selection difficult. 
The current approach to select a moving tar-
get, for instance, as seen in computer games, 
requires the user to chase a target while it is 
moving on the screen. 

However, this requires the user to predict the 
movement of the object and to click while it 
is in motion. We develop a novel interaction 
technique that enables the user to tempora-
rily pause the video and to make his selec-
tion afterwards while the object is no longer 
in motion. Following this, the user can restart 
the video. 

chapter 2 myvIew project
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the experio

When video is no longer watched in a linear 
way, a record of the pathway a user takes is 
required to represent his visual experience. 
Every time a user interacts with the video, for
instance, by switching camera angles or by se-
lecting objects on the screen, the interaction 
is added to a history record in order to make 
the viewing experience traceable. Based on 
this, we call the record of a user‘s browsing 
structure through a video space an Experio.

Spatial-temporal record

Each Experio is a spatio-temporal record simi-
lar to those found in video editing software, 
such as Avid Express Pro [45] or Final Cut Pro 
[48] (Figure 2.15). 

Figure 2.15: Video timelines in the video editing 
software Final Cut Pro. 

While browsing a video space with the Video-
Diver the user acts as a video editor choosing 
camera angles from a list of sources and the 
temporal intervals in which they are displayed 
on the screen. The Experio is therefore a non-
linear edit decision list containing multiple vi-
deo sequences that are defined by start time 
and duration. The representation of a video 
sequence in the history record is called a vi-
deo clip. Each video clip is colour-coded ac-
cording to the corresponding camera angle 
and contains a thumbnail of the start frame. 

visual appearance of him on the screen. We 
are currently exploring other ways to display 
selection states of objects. 

Figure 2.14: Regular video frame (top left), object 
subtraction mask (top right), coloured player 
shapes after background subtraction (below). 

In conclusion, we believe that enabling the 
user to access metadata in a multi-video space 
through selectable content creates new ways 
for browsing video and enriches the user‘s 
viewing experience. 

2.3.5 hIstory BrowsIng

Rewinding a video to a point of interest is an 
essential functionality of a video player. With 
non-interactive video, rewinding means to go 
back along the video content the broadcast di-
rector provided for the viewer. However, when 
video is no longer watched in a linear way it is 
less clear what the definition of rewinding the 
video is. In the following sections, we show 
how a history record helps the user to keep 
track of his video experience and how sharing 
history records creates a new motivation for 
social exchange. 
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time. However, in this mode the user cannot 
determine the duration a video clip was wat-
ched.

There are several open issues with the histo-
ry record that we address in our future work 
for the MyView project. First, the use of one 
thumbnail per video clip is not appropriate to 
represent a video sequence. Currently, we use 
the first frame of the video sequence as a re-
presentation of the underlying video content. 
However, the part of the video sequence for 
which the user is looking for, such as a goal in 
a hockey game, is often not represented ap-
propriately by the first frame due to the fact 
that it happened later in the video clip. 

For future work, we suggest to use the thumb-
nail as a mini video player which shows the vi-
deo sequence according to the position of the 
playhead in the history record. Furthermore, 
thumbnails of one camera angle can look very 
similar throughout the video, for instance, a 
camera showing the playing field of a hockey 
game from a long shot. For these camera an-
gles it might be more appropriate to focus on 
the part of the video frame that is changing, in 
this example the moving hockey players. 

recording multiple experioS

Every time a user rewinds an existing Experio 
to a certain point and starts another inter-
action, a new branch is added to the history 
record. The additional branch provides space 
for recording a new Experio while maintaining 
the existing ones. When the video is watched 
several times while interacting differently, the 
history record gets the shape of a tree with 
each branch containing one Experio. Howe-
ver, when new branches are added, the his-
tory tree becomes more and more difficult to 
access. When the number of rows in the histo-
ry tree grows, filter and search functionality is 
needed in order to maintain fast access of the 
history record. 

time-baSed and node-baSed diSplay mode

Figure 2.16: History Browser in time-mode. The 
video clip width is determined by the temporal 
duration a camera angle is watched. 

We develop two display modes for the histo-
ry record which are called the time-mode and 
the node-mode. In the time-mode (Figure 
2.16) the horizontal axis corresponds to the 
playback time of the video. Each video clip 
width represents the duration the user wat-
ched the corresponding camera. However, 
when camera angles are changed often, the 
video clip width is very small. Although the 
user is provided with zooming functionality, it 
is difficult for him to recognize the thumbnail 
that represents the underlying video content.  

Figure 2.17: History Browser in node-mode. All 
video clips have an equal width.

Therefore, we develop a second display mode 
called node-mode (Figure 2.17). In the node-
mode all video clips have the same width and 
thus, thumbnails can be easily viewed even 
when video clips are watched only for a short 
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reproducing and Sharing

Derived from a user‘s interactions, the history 
record enables the user to reproduce his vie-
wing experience. It allows the user to rewind 
his interaction path through the video to, 
for instance, find a more appropriate camera 
angle according to his interests. Furthermore, 
the user can share the history record on social 
networking sites by making his personal vie-
wing experience available to his connections. 
When several users interact with the same 
video, their Experios, created while watching 
the video, can be grouped together. These 
collections of Experios allow users to see how 
the video was watched by others and which 
people have the same interests. 

2.3.6 vIDeo search wIth temporal annotatIon

We have shown how the MyView project con-
tributes to a personalized video experience 
by exploring ways for creating and browsing 
context-aware multi-video spaces. We presen-
ted the VideoDiver, a novel browsing interface 
that is built as a proof-of-concept implemen-
tation on the iPhone. We demonstrated how 
multi-view selection, object selection and 
history browsing enable the user to switch 
between different camera angles, to access 
metadata and to reproduce and share his 
personal video experience. In this thesis, we 
explore a fourth way of personalizing a user‘s 
video browsing experience by focusing on 
how temporal video annotation and enhan-
ced video timelines provide navigational aids 
for video search and navigation. 

chapter 2 myvIew project
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3. research qUestIon

In addition to the three existing components 
of the VideoDiver described in the previous 
chapter, we aim at developing a user inter-
face concept for video search and navigation. 
Our concept allows the user to quickly loca-
te scenes according to his interests. In the 
following sections, we describe our research 
field, discuss related work and state the re-
search question.

3.1 research fIelD vIDeo navIgatIon anD search

Figure 3.1: Traditional video player without any 
search functionality. The user is dependent on the 
scrubber bar to locate a scene of interest.

Searching for a particular scene within a vi-
deo is a common activity. However, traditio-
nal video players do not provide the user with 
supporting functionality to find a scene of in-
terest. In traditional video players, users rely 
on the scrubber bar for rewinding and fast-
forwarding the video to a scene of interest, 
but the scrubber bar only contains informati-
on about the current playback time of the vi-
deo and its overall duration (Figure 3.1). When 
a user cannot memorize the temporal loca-
tion of the scene of interest, searching with 
a scrubber bar quickly becomes a frustrating 
and time-consuming task.

Novel video players include functionality to 
address the search and navigation problem. 
Most of them focus on the textual approach 

by using keyword-input into a search engine 
[6, 7, 8].  While this is useful in many cases, the 
textual approach is not appropriate when the 
user‘s vocabulary for the search request does 
not match the keywords that are attached to 
the searched scene. Furthermore, the textual 
approach requires the user to first make an 
input into a search engine to be afterwards 
provided with navigational cues for a scene 
location. 

In their paper about recent advances and 
challenges of semantic video search, Chang 
et al. [3] emphasize that users need interfaces 
to solve search tasks visually beside the textu-
al approach. They highlight that a lot of work 
has been done to successfully enhance the 
keyword based search, but that there is still 
a lack of effective visualization of video data. 
According to Chang et al., visualization inter-
faces are a critical component for task comple-
tion and task efficiency when searching video 
scenes and therefore, one of the main challen-
ges for future work in the field of video search 
and navigation is to enhance visual cues.

Work in the field of visual video navigation 
has either enhanced existing user interface 
elements, such as the video timeline and the 
video window, or invented new user interface 
concepts. In this thesis, we focus on the exis-
ting user interface element video timeline by 
reason that users are already familiar with this 
video player component and novel enhance-
ments can be easier understood in the con-
text of the existing functionality. In this chap-
ter, we discuss work from the field of visual 
video navigation with enhanced timelines, list 
remaining open issues and state our research 
question. 

3.2 relateD work on enhanceD vIDeo tImelInes

In the following section, we discuss existing 
work from the field of visual video navigation 

chapter 3 research qUestIon
So

u
rc

e: 
iP

o
d

 P
la

ye
r [

32
]



18

4 In this thesis, semantic information is understood as the information a human gains by interpreting the content of a video, such 
as recognizing a certain hockey player instead of defining him as a collection of coloured pixels. 
5 A semantic cue is a visual mark that represents the semantic information of a video scene.
6 In the context of video, a tag is a keyword or term added to a video scene [52], such as the tag „goal“ assigned to a video scene 
where a hockey team scores. A tag is a kind of metadata. 

Figure 3.3: The video timeline on Viddler.com 
shows the location of user comments (white dots) 
and the location of tags (black dots). 

On Viddler.com different colour marks are 
used to differentiate between types of anno-
tations. As described in figure 3.3, white dots 
in the timeline are associated with user com-
ments, black dots represent tags6. As seen 
with eduKEN, these single-colour semantic 
cues do not help the user to identify an anno-
tation by its underlying video content.  

3.2.2 mUltI-coloUr semantIcs: low-level featUres

Most work that visualized the underlying video 
content in more detail to provide navigational 
cues comes from the area of low-level feature 
extraction, such as extracting dominant co-
lour [1], sound [1] and motion [13, 14]. 

dominant colour

Figure 3.4: The ColorBrowser video timeline provi-
des the user with simple navigational cues based 
on the dominant colour of the video frame.

Barbieri et al. [1] extract the dominant colour 
and sound volume from a video and map the 
data onto a colour range. Afterwards, Barbieri 
et al. embedd the colour stripes for each video 
scene in a video timeline to provide the user 
with additional information while browsing 
the video (Figure 3.4). 

By conducting experiments with the ColorB-
rowser, Barbieri et al. show that even simple 
multi-colour semantic cues, such as the do-

with enhanced timelines. We begin with user 
interface concepts using single-colour cues 
and show their limits in representing detailed 
semantic information4. Following this, we ex-
plain how multi-coloured representations 
have helped to overcome this problem by 
mapping semantic information onto a colour 
range. Finally, we have a look on how icons 
can be used as a more intuitive way of repre-
senting the underlying video content. We con-
clude with an evaluation of visually enhanced 
timelines and show how filtering visual cues 
supports the user in navigating video accor-
ding to his interests. 
  

3.2.1 sIngle-coloUr semantIcs

eduKEN [20] and Viddler.com [15] are two 
examples how video timelines with single-
colour semantic cues5 can provide the user 
with information on the location of scenes of 
interest. 

 

Figure 3.2: eduKEN video timeline with single-
colour marks shows the temporal location of video 
comments.

eduKEN is a video player that displays the po-
sition of temporal video comments as single-
colour marks in an enriched timeline (Figure 
3.2). A user can easily locate scenes of interest 
with temporal video comments by navigating 
along the red marks on the video player time-
line. 

However, single-colour semantic cues only 
show where video comments are made, but 
do not provide any information on the under-
lying video content. A comment may refer to 
a specific event in a video, such as a goal in a 
sport game, or may refer to a specific object, 
such as a hockey player. 
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7 High level semantic information is created by interpreting the video content from a human perspective, for instance, by associa-
ting facial expressions of people with emotions. Low level semantic information only contains the information a computer gained 
by analyzing the video frame, for instance, that a persons facial expression changes, but without further interpretation of this 
gesture.
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Schoeffmann et al. try to link the video high-
level semantics7 with the low-level feature ex-
traction of motion.

limitS oF low-leVel Feature-extraction

According to Chang et al. [3], one of the main 
challenges in the field of video navigation is 
to close the semantic gap between the video 
data and human‘s interpretation. Low-level 
feature extraction based on, for instance, do-
minant colour, sound and motion is useful for 
finding similar scenes, but it is in most cases 
not suitable for representing the underlying 
video content as it is understood by the view-
er, for instance, in the form of characters and 
events in a story. In the next section, we dis-
cuss how high-level feature extraction based 
on interpreting the underlying video content 
can be used to provide more meaningful na-
vigational cues for the user.

3.2.3 mUltI-coloUr semantIcs: hIgh level featUres

High-level feature extraction, such as detec-
ting faces to extract human emotion, is still 
not at a level to create reliable data from the 
video bit stream. Therefore, work that focuses 
on interpreting the video content presented 
in the following section makes either use of 
manual annotation or focuses on textual sour-
ces, such as temporal user comments, to ext-
ract information about the video content.

emotion

      

Figure 3.6: The EmoPlayer video timeline displays 
character emotions by mapping them onto a 
colour range.

minant colour of a video frame, can provide 
useful navigational aids for video browsing 
when embedded in a timeline. For instance, 
during a soccer match the dominant colour 
on the screen is normally green, but during 
the breaks the colour changes by reason that 
interviews are conducted and the current 
scores are discussed. 

motion 

Figure 3.5: Schoeffman et. al. introduce a video 
timeline showing motion direction and motion 
intensity based on the underlying video content.

Schoeffmann et al. [13, 14] use motion to vi-
sualize the underlying video content. They 
extract motion direction and motion inten-
sity from the video data and use colour and 
brightness to display the information in a 
timeline (Figure 3.5). 

While it is difficult to identify a single video 
scene based on the motion of its objects, 
the visualization of motion helps to identify 
scenes that are similar to a prototype scene. 
According to Schoeffmann et al., it is easy for 
users to find similar scenes because they have 
the same colour representation in the visually 
enhanced timeline. For instance, in ski flying 
the athletes are the fastest moving video ob-
jects. Comparing the colour representation 
of one ski-jump enables the user to identify 
ski-jumps of competiting athletes with similar 
speed. 

Furthermore, users are able to identify poten-
tial scenes of interest, for instance, by kno-
wing that scenes with fast motion are usually 
thrilling and that these are associated with a 
red colour in the timeline. With this approach, 

chapter 3 research qUestIon
So

u
rc

e: 
Sc

h
o

ef
fm

a
n

n
 et

 a
l. 

[1
3]

So
u

rc
e: 

ch
en

 et
 a

l. 
[2

]



8 „A branch of artificial intelligence and image processing concerned with computer processing of images from the real world.  
Computer vision typically requires a combination of low level image processing to enhance the image quality (e.g. remove noise, 
increase contrast) and higher level pattern recognition and image understanding to recognise features present in the image.“ [46]
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A second example how navigational cues can 
be provided using the underlying video con-
tent is based on user comments from a social 
video site. Nakamua et al. [12] analyse tempo-
ral video comments to provide the user with 
a visual overview of the trustworthiness of 
video scenes. They extract keywords from the 
user comments and compare them to a dic-
tionary that assigns words into either a posi-
tive (trustworthy) or negative (untrustworthy) 
category. 

In their prototype, Nakamua et al. use an 
enhanced timeline with two display modes 
as described in figure 3.7. First, the timeline 
contains graphs for each positive and negati-
ve changes in user comments. Second, these 
two graphs are evaluated by the system and 
summarized in a bar chart that shows if a vi-
deo scene is rated overall trustworthy or not.

The graph interface is one example how time-
lines cannot only be used to provide qualita-
tive navigational cues, but can also support 
quantitative search. A graph based interface 
enables the user to see both the type of infor-
mation related to a video scene and the level 
of strength of this information. For instance, if 
we apply this technique to the previously dis-
cussed EmoPlayer, the timeline could not only 
show that a character is sad by displaying a 
blue colour stripe, but also show the level of 
sadness by adjusting the height of the blue 
colour stripe. However, this approach raises 
the question how to measure the levels of in-
formation in such complex contexts like emo-
tions.

The quantitative overview of trustworthiness 
displayed by using two graphs also influences 
the user‘s viewing behaviour. Users are able 
to see which scenes of a video are rated least 
trustworthy and therefore, access the video 
scene to examine the cause. 

Chen et al. [2] develop EmoPlayer, a video 
player that displays character emotions by 
using a multi-colour timeline. The user choo-
ses a character from a drop down box and 
views his emotions along the timeline while 
watching the video. 

As described in figure 3.6, different colours in 
the timeline represent different types of emo-
tions of the selected character. The absent of 
colour in the timeline indicates that the selec-
ted character is not present in the scene. At 
time, EmoPlayer uses manual annotation due 
to the lack of techniques to automatically ex-
tract character emotions from the video data. 
However, Chen et al. describe how computer 
vision8, speech processing and natural lan-
guage processing will allow to take over the 
manual effort in future.

In a user study, Chen et al. compare their inter-
face with affective annotation to an interface 
that only displays a character‘s appearance in 
the video. Their results show that providing 
more semantic information significantly in-
creases video navigation speed, especially 
when subjects are not familiar with the video 
content. 

truStworthineSS

Figure 3.7: Nakamua et al. introduce a video time-
line that displays the trustworthiness of video 
scenes based on extracting positive and negative 
words from temporal user comments.
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with a textual caption giving the name of the 
person (Figure 3.9). The additional informati-
on provided by the text descriptor enables the 
user to differentiate between visually similar 
things, but also reduces the effort necessary 
to create the icons and keeps the icon library 
at an affordable size. 

Figure 3.9: Adding text-based information to icons 
allows to be more specific about their meanings.

However, Davis et al. state that it is generally 
difficult to find a descriptive language for a 
temporal media since it mainly contains ac-
tions that are hard to describe with a single 
icon. As a solution, Davis et al. suggest to use 
animated icons to describe actions. However, 
this makes reading the video representation 
more complicated since the user can no lon-
ger have a brief look on the iconic description, 
but has to wait until the icon animation has 
finished. 

3.2.5 evalUatIng vIsUally enhanceD vIDeo tImelInes

The usefulness of enhanced video timelines 
is proven by Moraveji et al. [11] who conduct 
an eye-tracking experiment. For their eye-tra-
cking experiment, Moraveji et al. use eye fixa-
tion as a unit of measurement. 

The results from the eye-tracking experiment 
show that users pay more attention to the 
timeline when it embedds visual cues. While 
this might be seen as an indicator for distrac-
tion, the results of measuring the average 
number of eye fixations needed to solve a 
task provide evidence that task completeness 
and task efficiency increases with the visually 
enhanced timeline.  

3.2.4 IconIc semantIcs

All of the work described previously focuses 
on using colours to enhance the video time-
line. However, colours are abstract represen-
tations of the underlying video content and 
users usually do not intuitively associate a vi-
deo scene with a specific colour. 

To close the semantic gap between colour 
cues and the underlying video content, Mora-
veji et al. [11] use a tool-tip with icon and text 
descriptor that is displayed when the cursor is 
placed over the timeline (Figure 3.8). 

Figure 3.8: A tool-tip with icon and text descriptor 
closes the semantic gap between the video con-
tent and its abstract colour representation.

The tool-tip provides information on the me-
aning of the colour stripe, but requires additi-
onal effort to access this information. Further-
more, the tool-tip only shows the explanation 
for a single colour stripe at once.

Davis et al. [5] develop a user interface con-
cept with icon based semantic cues in order 
to create more meaningful representations for 
video content. Their iconic language contains 
over 3500 iconic primitives for object and ac-
tion description. The icon primitives can be 
combined into icon sets and later be placed 
onto a video timeline. 

In order to close the gap between the gene-
ral abstract information that an icon delivers, 
Davis et al. enable the user to add titles to 
the icons to be more specific about their me-
anings. For instance, an icon that shows the 
abstract shape of a person can be enriched 
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In the previously discussed ColorBrowser, 
Barbieri et al. smoothed their visual cues to 
reduce the number of different types to pro-
vide the user with visually distinct colours as 
described in figure 3.11. 

Figure 3.11: Colour representation with fine-grained 
colour range (top) and after smoothing (below) to 
provide the user with visually distinct colour stripes.

However, calculating the average always re-
sults in a loss of detailed information. It is 
therefore necessary to define how many dif-
ferent visual cues the timeline includes to 
provide unique semantic information on each 
video scene while remaining to be easily iden-
tifiable due to the distinct visual appearance. 

3.2.6 fIlterIng vIsUal cUes

According to Costa et al. [4], users have diffe-
rent interests when watching a video. Some 
users might be interested in characters of a 
movie and others in technical features. It is 
therefore not necessary to display all available 
visual cues, but necessary to provide the user 
with an interface that adjusts according to the 
user‘s specific requirements. 

This coincides with Chen et al. findings while 
conducting a user study with the EmoPlay-
er. The results show that the retrieval time of 
video scenes is influenced by two points: in 
the first step, whether a target could be rela-
ted to the general content type of a timeline 
(a character) and in the second step whether 

Figure 3.10: Results of an eye-tracking experiment 
by measuring eye-fixation to evaluate the useful-
ness of enhanced video timelines.

However, the measurements show that task 
efficiency is directly related to the distribution 
of visual cues along the timeline. When visu-
al cues are unique, task efficiency increases 
significantly more than with common visual 
cues that appear in regular distances along 
the timeline.  

These results are in agreement with Chen et 
al.‘s statements after conducting user studies 
with the EmoPlayer. Frequency and distribu-
tion of one type of emotion on the timeline 
have significant impact on how fast a scene 
is located. Thus, with increasing appearance 
and density the video navigation speed de-
creases. 

For this reason, the number of different ty-
pes of visual cues in the enhanced timeline is 
an important key to video scene navigation 
speed. A coarse-grained range of visual cues 
results in the same colour stripe appearing of-
ten along the timeline which makes it difficult 
for the user to identify the searched scene. 
A fine-grained range of visual cues provides 
unique semantic identifiers, but results in lots 
of similar colour stripes among the timeline 
due to a limited range of distinct colours. 
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Figure 3.12: Users select one or multiple timelines 
(bottom) to watch additional information displayed 
in small screens (top) according to their interests.

The interface concept of Costa et al. refers to 
the timeline model of common video editing 
tools, such as Adobe Premiere [44] or Adobe 
After Effects [43] (Figure 3.13). 
  

Figure 3.13: Multiple video timelines in the video 
editing software Adobe Premiere.

In those video editing tools, the content of the 
video is determined by a composition of mul-
tiple video timelines each adding data to the 
video. For instance, one video timeline con-
tains the video data and another one the text 
captions that are displayed alongside with the 
video. Seeing both video timelines vertically 

the target could be related to a specific visual 
cue on the timeline (an emotion). When the 
user is not able to associate the video scene 
with its visual representation on the timeline, 
the visual cues are not helpful to access the 
video content. It is therefore essential to defi-
ne the content type of an enhanced timeline 
according to a user‘s wants when navigating 
video. 

In the EmoPlayer user study, participants are 
provided with a drop down box to choose the 
visual cues presented on the video timeline. 
However, adjusting the content of a single 
timeline by using a drop down box requires 
additional effort. According to Chen et al., it 
is of more value to display different kinds of 
visual cues in multiple timelines to give the 
user quick access to the information. Further-
more, having multiple timelines allows the 
user to understand relations between multi-
ple types of visual cues. For instance, display-
ing the emotions of each character on a se-
parate timelines enables the user to compare 
the emotional changes among characters and 
helps the user to reason coherence which is 
important to comprehend the structure of a 
video clip. 

Costa et al. design a user interface with multi-
ple timelines to address the issue of adjusting 
the visual cues according to a user‘s personal 
interests. Costa et al.‘s video player, shown in 
figure 3.12, allows the user to have multiple 
perspectives over the same video data. The 
interface consists of multiple timelines each 
corresponding to a specific view on the video, 
for instance, one showing the transcript of the 
video and another showing the script of the 
director. While watching the video, the user 
determines which additional information is 
displayed alongside with the audio visual sig-
nal of the video scene.  
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how video comments can be used to extract 
video semantics [18] for video categorization 
[10], video ranking [17], video search [21] and 
video scene extraction [16].

3.3 research proBlem 
semantIc InformatIon vs. lImIteDscreen space

Most of the work described in the previous 
section has focused on using colour stripes as 
a representational means to provide the user 
with visual cues on the underlying video con-
tent. However, we believe that there are seve-
ral disadvantages when using colour-based 
semantic cues.

First of all, there is a semantic gap between 
the video content and its colour represen-
tation. Users usually do not associate colour 
with a specific moment of a video. They may 
remember a goal in a sport video, but they do 
not intuitively associate this information with 
a colour. Based on this, the choice which co-
lours are mapped onto which semantic infor-
mation when creating the visual cues remains 
subjective and not generally valid. To address 
this problem, a legend with additional textual 
information is provided in most cases to exp-
lain the meaning of each colour to the user. 
However, users may want to access the infor-
mation of visual cues without the additional 
effort of referring to a second source, such as 
a legend.   

By reason that colour stripes are abstract re-
presentations of the underlying video con-
tent, users need to learn the meanings of the 
colours when using the interface for the first 
time. However, when the interface is not used 
on a regular basis users may not be able to me-
morize the meaning of the colours and thus 
increased error rates resulting from missing or 
wrong associations may appear. Therefore, a 
more intuitive visual representation of the un-
derlying video content is required.

aligned enables the editor to determine the 
relation between the appearance of the text 
captions and the video data. For instance, 
when interviewing athletes in the break of a 
sport game, every time a new interview starts 
the name of the athlete is displayed.

The editor defines which video timelines in-
fluence the final video composition by acti-
vating and deactivating the video timelines 
(Figure 3.14). For instance, deactivating the vi-
deo timeline with the text captions results in 
displaying only the audio visual signal of the 
video. 

Figure 3.14: In the video editing software Adobe 
After Effects, the editor determines which video 
content is displayed by activating and deactivating 
the video timelines via the eye-icon on the left side.

However, these techniques are currently only 
available in video-editing software and are 
not included in video players on popular soci-
al video sites, such as YouTube. 

3.2.7 vIDeo semantIcs from User comments

To broaden our knowledge on how enhanced 
video timelines can be used with temporal vi-
deo annotations, we also refer to recent lite-
rature that contains information on how tem-
poral video annotation, especially in the form 
of user comments, is organized in social video 
sharing systems [9, 19]. To maintain the nar-
row focus of this thesis we will not explain the 
literature in detail, but recommend to read 
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Figure 3.16: When visual cues appear in small 
temporal distances, the semantic information of 
colour stripes remains accessible while icons start 
to overlap due to limited screen real-estate.

The problem of limited screen real-estate be-
comes even more significant due to an emer-
ging trend for consuming video on mobile de-
vices. The screen resolution of mobile devices, 
such as the iPhone 3G, is limited to 320px to 
480px. On such a low resolution screen, space 
is an important source that when not used 
effectively makes accessing the detailed se-
mantic information of icons difficult.

In this thesis, we investigate the trade-off 
between visual cues showing more detailed 
semantic information and the limited screen 
real-estate. While colour stripes give only litt-
le semantic information about the underlying 
video content, they also need just a single 
pixel in width to be recognizable by the user. 
On the other hand, icons give more detailed 
semantic information on the underlying vi-
deo content, but also need more space on the 
video timeline. In our work, we examine how 
the enhanced timeline can provide the user 
with detailed semantic information on the 
underlying video content even when there is 
only little space available.

The results of our work will contribute to the 
field of visual video navigation with enhanced 
timelines by providing a solution for video 
scene retrieval with detailed semantic cues 
on small screens. Our work is especially rele-
vant due to the on-going behavioral change 
of consuming video.

With the technical development of mobile 
devices and the progress in providing fast 

Furthermore, there is only a limited range of 
distinct colours available. Since each seman-
tic cue has to have a unique representation, it 
quickly becomes difficult to differentiate bet-
ween colours when the number of types of 
semantic cues increases. It is therefore neces-
sary to provide the user with more enhanced 
visual cues that enable him to quickly identify 
different types of semantic information.

Since colour stripes are abstract, non-intuitive 
representations of the underlying video con-
tent that quickly come to their limits when 
the the number of types of semantic infor-
mation increases, we suggest to enhance vi-
deo timelines with icons. We believe that it is 
more valuable to provide the user with icons 
embedded in the timeline since they provide 
the user with more detailed semantic infor-
mation on the underlying video content. For 
instance, instead of using a black colour stripe 
representing a goal in a hockey game, we sug-
gest to use a puck icon as described in figure 
3.15. The user is no longer required to learn 
the meaning of the colour, but can immedi-
ately access the semantic information of the 
underlying video content by seeing the icon 
on the timeline.

Figure 3.15: Enhanced video timelines with colour 
stripes (top) are less intuitive and provide less 
semantic information on the underlying video 
content then those with icons (bottom).

However, providing the user with more de-
tailed semantic information in the form of 
icons also requires more space on the timeli-
ne. Icons have to have a certain size to be re-
cognizable which quickly becomes a problem 
when adjacent icons are placed in small dis-
tances and start to overlap (Figure 3.16). 
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wireless internet access, users can nowadays 
consume video whereever and whenever 
they want. Mobile devices are more and more 
used as on the way video players, but due to 
external disruptions the time spent for one 
video session is short. Our work will contri-
bute to access video scenes of interest faster 
by providing the user with detailed semantic 
cues even when the screen real-estate is very 
limited.

The usage of video has changed from a main-
ly passive video experience, using only traditi-
onal video elements to control the video play-
back, to more enhanced interactions, such as 
annotating video scenes with temporal tags 
and comments. Every year more users anno-
tate video scenes while watching a video on 
social video sites, such as YouTube. Since the-
se temporal video annotations refer to the un-
derlying video scene, they can be used as de-
tailed semantic cues for navigating the video. 
However, current approaches either do not 
visualize the temporal video annotation in an 
enhanced timeline or provide only single-co-
lour semantic cues. Our work creates value of 
the increasing number of temporal video an-
notation by using them to provide visual cues 
for navigating video. In the following chapter, 
we discuss our solution for detailed semantic 
cues on small screens  with limited screen re-
al-estate and present our prototype.

chapter 3 research qUestIon
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chapter 4
solUtIon anD prototype

32:4432:44 -35:16-35:16

Ryan Kesler, 1:2 

10:2510:25 -57:35-57:35

Best scene!

Great goal! Go Canada Go!

Best scene!

Great goal! Go Canada Go!

50:4550:45 -17:15-17:15

Perry has hurt his left foot.

Perry has hurt his left foot.
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9 The app store is Apple‘s sales platform for distributing the applications for their mobile devices. Each application has its own app 
store page that contains a high resolution image for advertisement purposes and information about the application.
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4. solUtIon anD prototype

In the following section, we present our no-
vel solution for the research problem and 
describe our prototype implementation that 
is later used for evaluating the solution by 
conducting a user study. First, we derive our 
novel solution by comparing and contrasting 
different approaches for displaying semantic 
visual cues on a limited screen real-estate. Af-
terwards, we show how we integrate our solu-
tion into the VideoDiver.    

4.1 solUtIon: aDjUstaBle Icon representatIons 

Iconic visual cues contain more detailed se-
mantic information on the underlying video 
content than colour stripes. However, when 
the distance between icons is smaller than 
their width and overlapping appears, an ef-
fective approach is needed to determine how 
the visual information of icons can remain ac-
cessible for the user.  In the following sections, 
we present three different approaches and de-
scribe their advantages and disadvantages for 
navigating video to find scenes of interest. 

4.1.1 scalIng Icons wIthoUt DeformatIon

Scaling icons without deformation is an ef-
fective approach to use the available space 
on the video timeline according to the distri-
bution of visual cues. As described in figure 
4.1, when adjacent icons are placed close to 
each other their size is scaled down according 
to the available space. A video timeline with 
few icons that are equally distributed results 
in displaying the icons in a large size. If icons 
are distributed among a certain scene of the 
video and only little space is available, the 
smaller icons are used to provide the user 
with non-overlapping visual cues. 

no overlappIng. enoUgh space avaIlaBle.

overlappIng. not enoUgh space avaIlaBle.

no overlappIng (scalIng wIthoUt DeformatIon)

Figure 4.1: Large icons are used when enough 
screen space is available (top), however when icons 
start to overlap (middle), icons are scaled down to 
avoid overlapping (bottom).

diStinct VerSionS For each icon Size

However, it is not appropriate to only reduce 
the resolution of an icon when its size is decre-
ased. Instead, distinct versions for every icon 
size are required in order to provide the user 
with the most detailed semantic information 
according to the available screen real-estate 
(Figure 4.2). Shrinking the rich, detailed high 
resolution icon to a smaller size is not a suita-
ble approach since the visual elements of the 
icon are often no longer recognizable. On the 
other hand, if the low-resolution version  with 
little semantic details is created first and after-
wards scaled up, the opportunity to provide 
the user with more fine-grained semantic in-
formation is lost. 

This approach of providing the user with diffe-
rently designed icons is applied, for instance, 
to the application icons on the iPhone. To in-
crease the quality and usability of applications, 
developers are required to provide versions of 
the application icon in various sizes. For in-
stance, the application icon for the app store9 
requires a high resolution icon with rich se-
mantic details to attract the user (512x512px), 
but a version with lower resolution is used for 
the home screen on the device (114x114px) 
and for the search results (58x58px).
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for larger distances adjacent icons keep their 
size. Based on this, the accessibility of seman-
tic information represented by icons is related 
to the available screen real-estate which ma-
kes local scaling an effective approach.

However, local scaling of icons creates the im-
pression that video scenes with larger icons 
are more important than others. An approach 
that adresses this problem is global scaling 
which scales all icons according to the smal-
lest distance between two adjacent icons on 
the entire video timeline (Figure 4.4). Howe-
ver, global scaling results in a reduction of the 
level of detail of icons on the entire timeline 
even when more screen space is available.  

local scalIng

gloBal scalIng

Figure 4.4: The size of icons can be defined by the 
space available between adjacent icons (local sca-
ling, top) or by the smallest distance on the entire 
timeline (global scaling, bottom).

In conclusion, scaling icons without deforma-
tion in either local or global mode is useful to 
provide the user with the most detailed se-
mantic information according to the available 
space between adjacent icons on the timeline. 
While this approach is suitable for most levels 
of distribution along a timeline, it is not ap-
propriate when the space between adjacent 
icons is strongly reduced and icons become 
very small. Even though this problem can be 
solved by providing the user with zooming 
functionality, it requires additional effort by 
the user. In our work, we aim at developing a 
user interface concept for video timelines in 
which the detailed semantic information of 
visual cues is accessible at first sight. 

Figure 4.2: Different versions of icons are used ac-
cording to the available screen space. Larger icons 
are more detailed and richer in texture.

However, displaying detailed semantic infor-
mation does no longer work when the size 
of icons is strongly reduced due to the fact 
that simple visual representations replace the 
complex shape and textural appearance of the 
original icons. When small temporal distances 
between the visual cues on the video timeline 
appear, the information becomes difficult to 
access for the user (Figure 4.3). 

Figure 4.3: When the size of the icons is scaled from 
large icons (top) to small icons (bottom) the 
semantic information becomes difficult to access. 

local and global Scaling

We consider two approaches called local and 
global scaling that describe how a group of 
icons on the video timeline adjusts their size 
according to the available screen real-estate 
(Figure 4.4). With local scaling, the icon size is 
adjusted according to the available space of 
adjacent icons. For small distances adjacent 
icons are scaled down to avoid overlapping, 
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interaction on the timeline

The colour and texture merging that appears 
when multiple icons are layered cannot only 
visually confuse the user, but also has impact 
on the interaction with the video timeline. 
The visual appearance of two layered icons 
implies that both are equally close to the fore-
ground which raises the question which icon 
is selected when an interaction with the laye-
red section is made. 

Figure 4.6: Multiple icons layered with 40% transpa-
rency. The combination of colours and textures of 
different icons can cause visual confusion.

In conclusion, adding transparency to other-
wise overlapping icons is helpful to partwi-
se regain the hidden information. With the 
transparency approach, icons can keep their 
original size and scaling does not need to be 
applied. However, layering visual information 
of icons can easily cause confusion, especially 
when multiple icons are placed in small dis-
tances.

4.1.3 scalIng Icons wIth DeformatIon (scaDe)

We believe that the solution for the trade-
off between detailed semantic information 
and limited screen real-estate has to take 
into account the characteristics of both exis-
ting approaches colour stripes and icons. The 
previously discussed solution statements for 
scaling without deformation and overlapping 
with transparency are not suitable due to the 
fact that they reinvent new display modes 
instead of merging the advantages of both 
colour stripes and icons. In the following sec-
tion, we present a novel solution called SCADE 
(Scaling With Deformation) that combines the 
small width of colour stripes with the detailed 

4.1.2 overlappIng Icons wIth transparency

When icons start to overlap, a part of their 
visual information is no longer accessible by 
the user. Overlapping reduces the amount of 
semantic information that can be represented 
by an icon. Based on this, users are no longer 
able to interprete the semantic information 
of an icon when a part of the icon is hidden 
since in some cases icons are only recognizab-
le when seen as a whole.

The problem of hiding the visual information 
of an icon when not enough screen space is 
available can be addressed by adding trans-
parency. When applied, the video timeline 
shows the visual appearance of both adjacent 
icons layered at the overlapping section as 
described in figure 4.5. 

Figure 4.5: When icons overlap, parts of the icons 
are no longer visible (top). Adding transparency 
makes the hidden part visible (bottom).

acceSSing inFormation

While the transparency approach is helpful 
to partwise regain the previously hidden in-
formation, it also has several disadvantages 
regarding the access of semantic information. 
First of all, layering the visual appearance of 
multiple icons results in both icons being no 
longer completely accessible. For instance, 
when layered colours or textural patterns of 
icons complement in an unexpected way, 
the transparency can either destroy existing 
shapes or create new ones. This becomes es-
pecially significant when multiple icons are 
placed in small distances (Figure 4.6).
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ve that the user is able to draw conclusions 
from the original shape and colour of the icon 
to the deformed versions. Following this, sca-
ling the icons with deformation allows the 
user to access detailed semantic information 
even when the icons do not have their origi-
nal size. 

While the space-saving colour stripes can-
not be extended to show more detailed se-
mantic information when more screen space 
is available, we found a solution to use the 
more detailed semantic information of space-
consuming icons for every degree of available 
screen space. Based on this, we believe that 
our novel approach SCADE is advantageous 
in any video browsing situation compared to 
the colour stripes. 

4.2 prototype: temporal annotatIon vIewIng

To evaluate SCADE as an effective approach for 
adjusting icons according to available screen 
space, we develop a user interface concept for 
temporal annotation viewing that integrates 
SCADE on its video timeline. TAV (Temporal 
Annotation Viewing) displays the location 
and content of temporal video annotations by 
using visual cues on multiple video timelines. 
The TAV user interface, an example of which 
is shown in figure 4.9, consists of a traditional 
video player (1), multiple video timelines (2) 
with visual cues (3), a filter toolbar (4) and an 
annotation viewing interface (5). In the fol-
lowing sections, we describe each of these 
components and explain how they contribute 
to a personalized video experience.

4.2.1 vIDeo player

The TAV user interface consists of a traditional 
video player vertically adjacent to our novel 
browsing interface for visual cues. Based on 
the built-in video player of the iPhone, the tra-
ditional video transport controls, such as play, 

semantic information of icons according to 
the available screen real-estate.  

deForming iconS to colour StripeS

With SCADE the visual appearance of icons 
is adjusted according to the available space 
on the video timeline. When icons are placed 
in large distances to each other, they are dis-
played in full size providing the user with the 
most detailed semantic information. However, 
when adjacent icons are placed in small dis-
tances, their aspect ratio changes by scaling 
the width of the icon and keeping the height 
as described in figure 4.7.

Figure 4.7: Different display states of an icon from 
the original size (left) to a single pixel in width 
mimicing a colour stripe (right).

Scaling the icons in their width while main-
taining their height draws them near to the 
visual appearance of the colour stripes. While 
the shape of the icon gets lost when being de-
formed, a part of the textural pattern and the 
colour remains. Based on this, the deformed 
icon always displays the most detailed se-
mantic information according to the available 
screen space (Figure 4.8).

Figure 4.8: A video timeline using SCADE for dis-
playing icons based on the available screen space.

maintaining the Semantic context

Furthermore, the different display states of 
the deformed icon enable the user to main-
tain the context of the semantic information 
when screen real-estate decreases. We belie-

chapter 4 solUtIon anD prototype
So

u
rc

e: 
o

w
n

 F
ig

u
re

So
u

rc
e: 

o
w

n
 F

ig
u

re



32

4.2.2 annotatIon tImelInes

Below the traditional video player, multiple 
timelines are displayed. Each timeline refers
to a specific type of video annotation. In the 
case shown in figure 4.9, the types of video an-
notation are goals and two minute penalties in 
an ice hockey game. Each timeline consists of 
a visual identifier on the left side followed by a 
scrubber bar with multiple icons. Annotations 
are located according to their temporal ap-
pearance in the video and can be of different 
types. Our example shows icons representing 
Canada and USA in a hockey game. 

Based on the usage of multiple video timeli-
nes with annotations sorted by type, more de-
tailed information for video navigation is pro-
vided. The user cannot only see where goals 
occurred in the video, but also which team 
scored the goal. 

Figure 4.10: Display-
ing more detailed 
information: one 
dimension (top left), 
two dimensions (top 
right), three dimensi-
ons (bottom)

We define the level of detailed information 
provided on a video timeline in dimensions 
(Figure 4.10). Showing at which time goals are 
scored in a video is a simple one-dimensional 
information. Displaying on a video timeline 

pause, rewind and fast-forward are placed on 
an OSD. Selecting the screen fades the OSD 
in to make the transport controls accessible 
for the user. After a few seconds of not being 
used, the OSD fades out to provide the user 
with the best view on the video content. Fur-
thermore, the OSD contains a scrubber bar 
with time labels to show the current temporal 
location in the video and the remaining dura-
tion. 

1

2
3

4

5

Figure 4.9: TAV User Interface, 1) Video Player, 
2) Video Timelines, 3) Annotations/Visual Cues, 
4) Annotation Filter, 5) Annotation Viewing 
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Further development of the prototype inclu-
des more advanced filter mechanisms such 
as a keyword based search which provides 
the user with only the corresponding video 
timelines and visual cues for his personalized 
video browsing experience.  

4.2.4 annotatIon vIewIng

While the video is playing, the video annota-
tions are shown in the viewing table (Figure 
4.9). This enables the user to watch annota-
tions simultaneously with the video scene 
they refer to.

Annotations are added to and removed from 
the viewing table according to the playhead 
position on the video timeline. Other work 
[20] has focused on using a list of all tempo-
ral annotations of the video that scrolls ver-
tically according to the playhead position on 
the video timeline. However, we believe that 
temporal video annotation is only suitable in 
the context of its corresponding video scene. 
Therefore, we display only the video annota-
tions in the viewing table that refer to the vi-
deo scene currently shown in the video play-
er.  
 

4.2.5 InteractIon

There are three ways for the user to navigate 
through the video by using the visual cues. 
First, the user can drag the playhead of the 
scrubber bar to forward or rewind the video 
to the location of a certain visual cue. The 
playhead position on the scrubber bar is syn-
chronized to the position of a small playhead 
on each video timeline (Figure 4.11). 

When the user moves the playhead of the 
scrubber bar, the playheads on the video 
timelines follow to provide the user with a 
precise navigational aid. When a playhead hits 

at which time goals are scored in a video and 
which team made the goal is called a two-di-
mensional information. Adding more detailed 
information, such as which player scored the 
goal of a certain team, increases the number 
of dimensions to three. However, each addi-
tional level of information displayed as a vi-
sual cue requires screen space which quickly 
becomes a problem, especially on the small 
screens of mobile devices.  

4.2.3 annotatIon fIlterIng

When the number of visual cues on the video 
timeline increases, effective filter mechanisms 
are necessary to provide the user with only the 
information that is of interest for him. In order 
to provide the user with the ability to adjust 
the visual overview according to his wants, we 
integrate two basic filter mechanisms. 

A filter toolbar (Figure 4.9) enables the user to 
determine which types of annotations are dis-
played on the video timeline. For instance, if a 
user is only interested in goals and penalties 
referring to Canada, he can deactivate USA’s 
annotations by selecting the related filter but-
ton. 

A second filter method can be applied by 
deactivating a timeline. For instance, if a user 
is only interested in goals but not in penalties, 
he can deactivate the second timeline by se-
lecting it on the left side.

The two filter mechanisms described above 
are still at a basic level and allow the user only 
to choose between a limited range of availa-
ble options. As soon as the number of video 
timelines and the number of different types 
of annotations increases, the user is no longer 
able to see all available options at once due to 
limited screen real-estate. 
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editing and postproduction software, such 
as Adobe After Effects. Due to the need to 
quickly forward and rewind the video to the 
next or previous scene of interest, we added 
one button on each the left and right side of 
the video timeline (Figure 4.12). The buttons 
allow the user to move from the current po-
sition in the video to the following or previ-
ous icon on the video timeline. For instance, if 
the user is only interested in the video scenes 
with goals, he can easily use the skip buttons 
to go to the next scene with an icon represen-
ting a goal. This method can be used when 
the user is interested in a specific video scene 
with icon, but the video timeline does not al-
low direct selection due to a large number of 
visual cues. 

However, when using the skip approach the 
context of the adjacent video scenes is not 
given due to its nature of excluding video 
scenes when jumping to the next icon. 

                     

Figure 4.12: Skip-buttons to forward to the next or 
previous icon on a video timeline. 

4.2.6 ImplementatIon

We develop our prototype in the integrated 
development environment XCode 3.1.4. with 
the iPhone software development kit 3.1.3. 
We test our prototype in the iPhone Simu-
lator as well as on a device, such as the iPod 
2G 8GB. In the following section, we describe 
three main challenges when building the pro-
totype: the OpenGL rendering for displaying 

an icon and activates it, the icon is highligh-
ted by using a brighter version of its graphical 
representation. When the playhead moves on 
and the icon is no longer active, it returns to 
its former graphical representation. 

                 

Figure 4.11: The playhead of the scubber bar is 
synchronized with the playheads on the video 
timelines. 

To go to a scene of interest, the user can also 
directly interact with the icon by selecting it 
on the video timeline. The direct selection al-
lows the user to go to a specific scene of in-
terest without forwarding or rewinding the 
video between the current temporal position 
and the scene he is looking for. 

Compared to the scrubber bar approach in 
which the user has to drag the playhead along 
the entire timeline to go to a certain position, 
the direct selection enables the user to quickly 
reach a target. This becomes especially useful 
when several icons are of interest but positi-
oned in large distances to each other on the 
video timeline. 

However, when many icons are located on a 
video timeline and SCADE is applied, selec-
ting a target with, for instance, a finger on the 
iPhone touch screen becomes difficult. In tho-
se cases where the user is no longer able to 
directly select an icon on the video timeline, 
the scrubber bar approach becomes more ap-
propriate. 

TAV contains a third method for navigating 
icons based on existing methods of video 
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framerate of 30fps [49]. 
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Subtexturing is not only the fastest way to up-
date the image of an existing texture, it is also 
an effective method to display images with a 
width and height being not a pow of two and 
thus, do not fit the OpenGL texture require-
ments. Since we use video frames for our pro-
totype, the texture requirements of OpenGL 
soon become a problem because none of the 
common video formats, such as PAL10 and 
NTSC11, fit those dimensions.  

To solve this problem, we use the size of the 
video frame to generate a plain texture that is 
larger than the video frame and has a height 
and width that are a pow of two (Figure 4.13). 
Afterwards, we subtexture the video frame 
onto the plain texture and update it every 
time the render method is called. Based on 
this, the memory usage is optimized and vi-
deo frames can be displayed without further 
modification.  

Caching and Loading Content on the Device 

At present, we are working with local content 
which is a set of video frames of existing vi-
deo material stored on a hard drive. While the 
high number of video frames is not a problem 
when working with the iPhone Simulator on a 
desktop computer, loading the large number 
of single files on a mobile device, such as the 
iPod 2G 8GB, is inapproppriately slow. Due to 
the fact that the local video content does not 
change during several launches of the appli-
cation, we use caching to reduce the amount 
of time necessary to start the application. 

Caching allows us to provide the video frames  
faster for each usage of the prototype applica-
tion since they are copied to the device only 
once in an initial launch. To cache the video 
frames, we first transfer them with the ressour-
ces of the application bundle to the device. 
Afterwards, we copy the video frames from 
the application bundle to the cache directory 
of the application. Finally, we remove the vi-

the video frames, the loading and caching of 
video frames and the xml file for providing the 
visual cues according to the active video con-
tent.

OpenGL for Video Player

Since the implementation of our novel user 
interface concept TAV is embedded in the 
VideoDiver of the MyView project, we follow 
the existing guidelines for prototype develop-
ment. On the long term, the MyView project 
aims at streaming video content in real-time 
from a live broadcasting event instead of using 
existing local video content. When streaming 
video content from a set of cameras, the video 
material is delivered as a permanently gro-
wing number of single video frames. Based on 
this, we cannot make use of the built-in video 
player of the iPhone which has only very li-
mited functionality. Furthermore, the current 
application programming interface does not 
provide developers with free access to the vi-
deo player components and prevents enhan-
cements of the built-in video player. 

For our own video player, we use OpenGL to 
render the video frames on the screen. Due 
to the memory limitations of the device, we 
apply OpenGL subtexturing to keep the com-
puting time at a minimum. In OpenGL sub-
texturing a part of the texture is replaced by a 
subrectangle that is drawn on top of it. 

                     

1

2

Figure 4.13: OpenGL subtexturing, 1) plain texture 
with a size bigger than the video frame and with 
a height and a width that are a pow of two, 2) the 
video frame as a subtexture
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XML for Visual Cues

We load the data for the video timeline with 
visual cues from an xml file. The interface ad-
justs automatically according to the content 
created from parsing the xml file. For instance, 
the vertical position of the filter toolbar and 
the viewing table changes according to the 
number of video timelines with visual cues. 

The xml file structure is based on the arran-
gement of the interface components of the 
video timelines with visual cues and the filter 
toolbar. The interface consists of any number 
of timelines. Each timeline has an identifier 
image which is shown at the left side of the 
timeline and several visual cues. Each visual 
cue has a frame number for its location on the 
timeline and a specific type, for instance, USA 
or Canada as seen in figure 4.15. 

Figure 4.15: The xml structure is based on the inter-
face structure of timelines, visual cues and filters.

The type of a visual cue is related to an ele-
ment of the filter toolbar. Since filters are ap-
plied globally to all video timelines that con-
tain the annotation type, they are positioned 
independent from the timeline structure in 
the xml file. Based on this, the xml file first 
contains the filter for each visual cue type and 
then lists each video timeline with its visual 
cues representing the temporal video annota-
tion. In the following section, we present the 
basic structure of our xml file.

<Filters>
 <Filter type=“„ image=“„/>
 [...]
</Filters>

deo frames from the application bundle when 
building the application for the next time and 
change the path to the video content to point 
to the cache directory. 

Although we apply caching and optimize the 
OpenGL rendering, there are still limitations 
for the number of video frames we can load. 
We use the performance measuring tool In-
struments [31] to improve our memory ma-
nagement where possible. However, we need 
to load all video frames into the application 
to enable rewinding and fast-forwarding of 
the video which is a problem due to the size 
of the working memory available on the iPod 
2G 8GB (Figure 4.14). 

Figure 4.14: Performance of the TAV prototype 
when measuring object allocation with Instru-
ments to optimize memory usage. 

At the moment, we are able to load around 
three minutes of video content  with a frame-
rate of 25fps, a resolution of 240px to 135px 
and a file size of 8KB. While this is sufficient 
to run a user study and answer the research 
question of this thesis, we will work on the 
optimization of the file management during 
future prototyping. Additionally, we will fo-
cus on streaming network content from the 
capture system of the MyView project which 
provides us with new challenges and oppor-
tunities for using the prototype at hand.  
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on of the prototype. In the next chapter, we 
discuss the preparation, conduction and re-
sults of our user study that we run based on 
our prototype implementation of TAV and 
SCADE.  

<Timelines>
       <Timeline image=““>
     <Annotation frame=“„ filtertype=“„>
  Content of the Annotation 
  displayed in the Viewing Table
 </Annotation>
 [...]
      </Timeline>
      [...]
</Timelines> 

Loading the timeline data from an xml file al-
lows us to quickly change between different 
video contents and the corresponding visual 
cues. Due to the characteristics of xml as a 
highly portable language, our data sets can 
also be used with other applications that ex-
plore the field of video navigation with visual 
cues. 

At present, the xml file has to be created ma-
nually which is sufficient to create the number 
of data sets required to run the user study for 
evaluating our novel solution SCADE. Howe-
ver, the prototype will be further developed to 
enable the user to create his own visual cues 
while watching a video. For instance, if the 
user points an interesting scene, he can create 
a visual cue to easily retrieve the video scene 
later. Future work will cover the development 
of a user interface concept that provides the 
user with the functionality to create the visual 
cues as seen in the current prototype. 

4.2.7 conclUsIon

In this chapter, we presented different solu-
tions for the research problem and discussed 
why SCADE is the most effective approach. 
Furthermore, we described our user interface 
concept called TAV that consists of a traditio-
nal video player, multiple video timelines with 
visual cues, a filter toolbar and an annotation 
viewing interface. Finally, we explained the 
most challenging parts of the implementati-
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5. User stUDy

Our user study is designed to evaluate if icons 
that are adjusted with our novel approach 
SCADE result in faster video navigation com-
pared to colour stripes. In the user study, par-
ticipants are given a video player containing a 
video timeline with visual cues and are asked 
to find video scenes by searching for visual 
cues on the timeline. In the following sections, 
we describe how we designed, prepared, con-
ducted and evaluated the user study.

5.1 DesIgn of the User stUDy

In this section, we give an overview of our 
user study design containing the hypothesis, 
the dependent and independent variables, 
the mixed experimental design and the ethics 
approval for conducting the user study. 

5.1.1 hypothesIs anD nUll hypothesIs

The hypothesis and null hypothesis according 
to our research question are:

H-1:  Finding a video scene with icons is  
 faster than with colour stripes even   
 when the number of visual cues on 
 the video timeline increases. 

H-0:  Finding a video scene with icons is 
 not faster than with colour stripes   
 when the number of visual cues on 
 the video timeline increases. 

To define a user study design according to our 
hypothesis, we have to consider which depen-
dent and independent variables are included 
in the setup.  

5.1.2 DepenDent varIaBles

In our user study, we measure two dependent 
variables which are called finding time and er-
ror rate that help us to evaluate the influence 
of the independent variables.

Finding time

The finding time is the time a user needs to 
find a video scene by using the visual cues on 
the video timeline. The finding time is measu-
red in milliseconds and provides us with data  
to evaluate the influence of different visual 
cues on the video timeline. 

error rate

The error rate is the number of tasks with er-
rors divided by the number of total tasks. An 
error is measured each time a user confirms 
that he found the correct video scene but 
made a mistake. 

5.1.3 InDepenDent varIaBles

In our user study, we examine the influence 
of two independent variables on the finding 
time and error rate. The first independent vari-
able is called display mode of visual cues and 
has two levels which are colour stripes and 
icons. The second independent variable is 
called distribution of visual cues and has five 
levels.

diSplay mode oF ViSual cueS

Based on the hypothesis, we differentiate bet-
ween two levels of display modes which are 
colour stripes and icons. While colour stripes 
consist of only a plain colour, icons provide 
more semantic details based on their shape 
and textural pattern. 
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between visual cues (Figure 5.1). Based on 
this, a low mean corresponds to a small ave-
rage temporal distance between visual cues 
whereas a high mean corresponds to larger 
temporal distances in average. 

Mean

1 2 3 4 5 6

P(        )it

G1

G2

G3

it

Standard
Deviation

Figure 5.2: Gaussian distribution when keeping the 
mean constant. A low standard deviation results in 
visual cues that are nearly equally distributed on 
the video timeline.

Another way of creating different distributions 
is to keep the mean constant and adjust the 
standard deviation (Figure 5.2). For instance, a 
low standard deviation corresponds to visual 
cues that are placed in nearly equal temporal 
distances, whereas a high standard deviation 
corresponds to a high variance in temporal di-
stances. When visual cues are distributed un-
equal along the timeline, it is more likely that 
there is a high density of visual cues among 
certain video scenes. 

However, the Gaussian distribution is main-
ly applied to physical attributes of materials, 
such as errors in a mass production or the 
average size of people. Our aim to distribute 
visual cues on a video timeline is a time-based 
problem for which applying the Poisson dis-
tribution is more appropriate.        

The Poisson distribution covers time-based 
distributions, such as people arriving in a 

diStribution oF ViSual cueS on the timeline

For controlling the distribution of visual cues 
on the video timeline, we consider the uni-
form distribution, the Gaussian distributi-
on and the Poisson distribution as potential 
methods to position the visual cues. In the 
following section, we discuss the practicabili-
ty of each method in the context of our user 
study and give reasons why we focus on the 
Poisson distribution.

In the uniform distribution, the probability of 
all values is equal which does not correspond 
to the characteristics of a video timeline. It 
is likely that visual cues on the video timeli-
ne group around interesting scenes and that 
other parts of the video timeline do not have 
any visual cues. Using the uniform distribution 
is therefore not appropriate to model a video 
timeline as required for our user study. 

Mean

1 2 3 4 5 6

P(        )it

G1 G2 G3

it

Standard
Deviation

Figure 5.1: Gaussian distribution. Keeping the stan-
dard deviation constant and changing the mean 
results in a larger or smaller average temporal 
distance between visual cues.

The Gaussian distribution provides us with 
two variables the mean and the standard de-
viation for creating different levels of distribu-
tion. For instance, if we keep the standard de-
viation constant and adjust the mean, we are 
able to control the average temporal distance 
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of ten seconds will have one visual cue, but 
some others will have two or three visual cues 
or none. If we take the same video and apply 
a lambda of five, most time intervals will have 
five visual cues and the remaining time inter-
vals have less or more visual cues. 

With the Poisson distribution, we have a stan-
dardized way of calculating the distribution of 
visual cues along the timeline. With regard to 
the limited length of the user study, we select 
five levels for lambda representing different 
dense distributions of visual cues along the 
timeline.

5.1.4 mIxeD DesIgn

We choose a mixed design with the indepen-
dent variable display mode being setup as a 
between-subjects experimental design and 
the independent variable distribution being 
setup as a within-subjects experimental de-
sign. 

Participants are randomly assigned to the two 
levels of display mode (colour stripes, icons) 
and with the assigned display mode partici-
pants serve in all levels of distribution (λ1, λ2, 
λ3, λ4, λ5) as described in figure 5.4. 

        

Colour 
Stripes

Icons

λ1 λ2 λ3 λ4 λ5

D
is

pl
ay

 M
od

e

Distribution

P1 P1 P1 P1 P1

P2 P2 P2 P2 P2

P1: Participant 1
P2: Participant 2       

Figure 5.4: Mixed design. Participants are assigned 
to either the colour stripe or the icon group and 
use this display mode for all levels of distribution. 

shopping mall or cars passing by on a high-
way. The Poisson distribution is based on a 
rate, such as people per hour or cars per minu-
te, and visualizes the deviation from this rate. 
For instance, if people entering a shopping 
mall are counted, the result might be that the-
re are fifty people per hour. However, repea-
ting the observation several hours creates a 
slightly different rate each time, for instance, 
fourtyfour people per hour or sixty people per 
hour. Entering these rates into a graph results 
in a Poisson distribution with one value being 
the most likely rate which is called lambda λ. 
If lambda is small only few people enter the 
shopping mall in one hour, if lambda is large 
many people enter the shopping mall in one 
hour. 

10 2 3 4

P(k)

G1

G2

G3
G1 G2

G3

k (Visual Cues  /
Time Interval)

Figure 5.3: Poisson distribution with different levels 
of λ. When λ increases visual cues on the video 
timeline are distributed more densely. 

Since our problem of distributing visual cues 
on a video timeline is a time-based problem, 
we focus on the use of the Poisson distribu-
tion based on a rate of visual cues per time 
interval (Figure 5.3). For instance, if we take a 
one minute video and aim for a distribution 
with few visual cues, we define a lambda of 
one visual cue per ten seconds. According to 
the Poisson distribution, most time intervals 
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information about the principles, standards 
and procedures for conducting research in-
volving human subjects. Topics covered by 
the TCPS are, for instance, the free and infor-
med consent of all research subjects and the 
privacy and confidentiality during the user 
study and for storing data. After passing a 
multiple choice test, the tutorial finishes with 
a „Certificate of Completion“. The date of com-
pletion has to be entered into the application 
to the BREB and the certificate itself must be 
available in a printed form while conducting 
the user study.   

5.2 preparatIon of the User stUDy

In the following section, we describe how 
we prepare the material for the user study by 
choosing, selecting and editing a set of ho-
ckey videos and by adding the visual cues ac-
cording to the Poisson distribution.

5.2.1 selectIng the vIDeo materIal

To gain video material for the user study, we 
search for ice hockey videos showing games 
with the Vancouver Canucks due to the fact 
that our lab is located in Vancouver, Canada. 
For our search, we use the social video site 
YouTube and select summaries of hockey 
games called highlights to increase the den-
sity of events happening during a short time 
period of the video. 

5.2.2 lIstIng the posItIons of events

After downloading the three to eight minu-
te long videos, we make notes on the events 
happening in the video to find potential tem-
poral locations for visual cues. While noting 
the events in the video, we focus on identify-
ing common events that appear among all 
ice hockey videos to later use the same visual 
cues in each of the videos. 

The mixed design combines the advantages 
of both the between-subjects and the within-
subjects design. The between-subjects de-
sign for the display mode reduces the fatique 
effect of participants and keeps the time for 
the user study at an appropriate length since 
participants are not exposed to all conditions. 
Furthermore, the between-subjects design al-
lows us to use a larger task set for a single con-
dition since the number of tested conditions 
per participants is only half of the number of 
conditions the user study has in total. 

The within-subjects design for the distribution 
allows us to keep the number of participants at 
an appropriate size by reason that participants 
are exposed to all levels of distribution. Based 
on the combination of the between-subjects 
and within-subjects design, we reduce carry-
over and learning effects while keeping the 
number of participants at an affordable size 
and having enough statistical power.
 

5.1.5 ethIcs approval

In Canada, research ethics boards are respon-
sible to ensure that research involving human 
subjects follows ethical principles. Before a 
user study is conducted, the researcher has 
to submit a human research compliance pro-
tocol to one of the human ethics research 
boards. In our user study, we are conducting 
behavioural research and therefore applied 
for a certification of the UBC Behavioural Re-
search Ethics Board (BREB). The application 
consists of a detailed user study description 
and all documents used during the user stu-
dy, such as the consent form and protocols. 

In order to submit an application to the BREB, 
researchers are required to complete a tuto-
rial for the „Tri-Council Policy Statement: Ethi-
cal Conduct for Research Involving Humans“ 
(TCPS). The research ethics‘ introductory tu-
torial consists of multiple sections containing 
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sequences that have a high event frequency. 
The six video sequences correspond to the five 
levels of lambda for the Poisson distribution 
plus one training video. We keep the length 
of the videos limited to one minute due to the 
memory limitations on the iPod. Subsequent-
ly we have chosen the video sequences, we 
render the material into jpg sequences with a 
resolution of 240px to 135px and a file size of 
8kb to fit the requirements for video material 
on our prototype. 

5.2.5 DefInIng the posItIons of vIsUal cUes

Following the preparation of video material, 
we create the visual cues and their locations 
on the timeline for each video. We implement 
a noise generator based on existing code of 
the Poisson and the uniform distribution [51] 
and expand the code to calculate the distribu-
tion of visual cues on the video timeline. 

Our noise generator returns the Poisson dis-
tribution after the number of intervals on the 
timeline and the lambda value according to 
low or high density of distribution are inser-
ted. We split each video in six time intervals of 
ten seconds and use values for lambda begin-
ning from one visual cue per time interval up 
to five visual cues per time interval. 

Figure 5.6: Results from our noise generator using 
a Poisson and a uniform distribution to define the 
temporal location of visual cues.

5.2.3 lImItIng the nUmBer of DIfferent events

We focus on using the same visual cues in 
each video by reason that different visual 
cues can lead to additional influencing fac-
tors when measuring the finding time. For in-
stance, when the icons of one video are easier 
recognizable than the icons of another video, 
the user‘s finding time is not only influenced 
by the distribution on the timeline, but also 
by the recognizability of the icons.    

    

1 2

3 4

5 6

Figure 5.5 Overview of events in an ice hockey 
game. 1) referee, 2) celebrating the score, 3) coach, 
4) fight, 5) audience, 6) score

Therefore, we define seven events that hap-
pen regularly in an ice hockey game which 
are: score when a hockey team makes a goal, 
score was blocked when a hockey team tried 
to make a goal but was stopped by the other 
team, celebrating the score when the hockey 
players cheer after they made a goal, the 
coach appears, the audience is shown, the re-
feree interferes and a fight between two play-
ers happens (Figure 5.5). 

5.2.4 eDItIng the vIDeo seqUences

After making notes on all events in the ho-
ckey videos, we take out six one minute video 
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Figure 5.7: When the number of visual cues on the 
timeline increases, the size of the icons decreases 
when our novel approach SCADE is applied.

5.2.7 choosIng the graphIcal representatIons

We choose the graphical representations of 
visual cues by ourselves, but evaluate our 
choice in a pilot study. While there are many 
results from search engines that demonstrate 
a common sense of icon design (Figure 5.8), it 
is difficult to define the meanings of the co-
lour stripes. We aim at using the colours in the 
way participants know them from their daily 
life, such as the colour green representing a 
success (score) and the colour red represen-
ting a failure (scoring was blocked). For other 
visual cues, we refer to the visual appearance 
of the related video scene, such as using the 
colour black for the referee based on his tricot 
colour.

Figure 5.8: Search results from search engines, for 
instance, when looked for referee icons demonstra-
te a common sense in icon design. 

However, the Poisson distribution only returns 
the number of visual cues in each time inter-
val, but not the exact frame number of each 
visual cue on the timeline. We use a uniform 
distribution to randomly assign the visual 
cues to a certain frame number in the given 
Poisson time interval (Figure 5.6). 

Based on the list of all temporal positions 
for five different distributions, we apply one 
distribution to each video according to the 
frequency of events happening in the video. 
For instance, the video with the lowest event 
frequency is assigned to the smallest value of 
lambda. 

Afterwards, we compare the list of events with 
the temporal location of visual cues to decide 
which visual cue corresponds to one of our 
predefined events, such as coach, audience, 
referee or fight. Since each video has five fin-
ding tasks assigned, we need at least five me-
aningful visual cues for which we can ask the 
participant in the user study. Following this, 
we randomly assign three other visual cue ty-
pes to fill the remaining temporal locations as 
defined by the Poisson distribution. In the user 
study, we do not ask for these random visual 
cues since their only purpose is to control the 
density of distribution on the video timeline.   

5.2.6 UsIng scaDe to aDjUst Icons

While colour stripes have a fixed width of se-
ven pixels during the user study, icons are ad-
justed with our novel approach SCADE to cor-
respond to available screen space. When the 
number of visual cues increases on the time-
line, SCADE decreases the width of the icons 
from their maximum size of twentyfive pixels 
up to a minimum of seven pixels. Therefore, 
increasing the lambda in the Poisson distri-
bution directly influences the appearance of 
icons on the video timeline (Figure 5.7). 
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User stUdy
CALL FOR SPONTANEOUS PARTICIPATION

Temporal 
Annotation 
Viewing

Figure 5.9: User study invitation card handed over 
to potential participants in a conversation about 
the project. 

During the invitation, participants are infor-
med that the user study is about video brow-
sing on a mobile device. Furthermore, the 
experimenter states that the user study takes 
roughly fourtyfive minutes and that each par-
ticipant receives a 10$ compensation for his 
participation.

5.3.2 scheDUlIng the experIment

For organizing the user study, each partici-
pant chooses dates from an online schedule 
in which he marks his times of availability. Af-
terwards, the experimenter selects one of the 
suggested times and sends the participant an 
email of confirmation. Participants who are 
invited in a conversation receive an invitation 
card with the user study time entered in the 
plain field (Figure 5.9).

The user study is conducted from 9am to 4pm 
on August 19 and August 20, 2010. Each user 
study session starts on the hour, takes fourty-
five minutes and contains fifteen minutes for 
the experimenter to reset the user study pro-
totype and to make a short break.

5.3.3 partIcIpant statIstIcs

Overall twelve participants subscribed for the 
user study, six participants on each of the two 
conduction days. Eight out of twelve partici-

After defining the graphical representations 
of all visual cues, we edit the icons to have se-
ven levels of deformation and prepare the xml 
files with the location of visual cues for each 
video.

5.2.8 sImplIfyIng the User Interface of tav

For the user study, we simplify the user inter-
face concept of TAV since we aim at evaluating 
the trade-off between detailed semantic in-
formation and limited screen real-estate, but 
do not focus on how multiple timelines, anno-
tation viewing and filter mechanisms support 
video search and navigation. Therefore, our 
user study prototype only consists of a video 
player, a video timeline with visual cues and 
a scrubber bar for fast-forwarding and rewin-
ding the video.

5.3 conDUctIon of the User stUDy

In the following section, we describe how we 
gain participants for the user study and give 
an overview of the user study conduction by 
including information about the consent form, 
the training session, the task session and the 
questionnaire. 

5.3.1 contactIng partIcIpants

We invite members of the Media and Graphics 
Interdisciplinary Centre and members of the 
Human Communication Technology Labora-
tory of the University of British Columbia to 
participate in the user study. Team members 
of the MyView project are excluded from the 
invitation to ensure that no previous know-
ledge of the project influences the results. 
The experimenter uses the mailing list of both 
labs to contact potential participants. Addito-
nally, the experimenter invites potential par-
ticipants in a conversation by handing over 
invitation cards (Figure 5.9). 
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Eleven out of twelve participants have used 
an iPod touch or an iPhone before and are fa-
miliar with the user interface elements (Figure 
5.12).

Participants are distributed randomly to one 
of the display modes either icons or colour 
stripes. To ensure that both groups come with 
the same statistical power, both have an equal 
number of participants assigned (Figure 5.13). 
Six participants use the icons during the user 
study and the other six participants use the 
colour stripes.

           

Icons Colour 

Stripes

Ohne Titel 1 6 6

50%50%

Participant Rate for Display Mode

Icons
Colour Stripes

          

Figure 5.13: Participants are randomly assigned to 
one of the user study groups. However, both of the 
groups have six participants (50%).  

5.3.4 seqUence of steps DUrIng the conDUctIon

Participants either come to the user study 
room by themselves or the experimenter leads 
them to the right location. A door sign is used 

pants are males (67%), four are females (33%) 
as described in figure 5.10.
 

                  

Male Female

Ohne Titel 1 8 4

67%

33%

Gender of Participants

Male

Female

           

Figure 5.10: Eight out of twelve participants are 
males (67%), four are females (33%).  

Participants are between 23 and 53 years old 
(Figure 5.11). The average age of participants 
is 30.25 years. 

         

used an iPod 

touch before

have not used 

an iPod touch 

before

Ohne Titel 1 11 1

92%

8%

Previous Use of iPod touch

used an iPod touch before

have not used an iPod touch before

Figure 5.12: Eleven out of twelve participants have 
used an iPod touch or an iPhone before they parti-
cipated in the user study.
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Figure 5.11: Participants are between 23 and 53 years old. The average age of all participants is 30.25 years.
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nation about the remaining part of the user 
study. The experimenter states that the user 
study consists of thirty tasks that are divided 
into six sessions each containing five tasks.
After each of the six sessions a short break 
is made to avoid fatigue effects of the parti-
cipant. The participant is informed that each 
task will asked him to find a specific video 
scene and that tasks are phrased in the man-
ner of, for instance, „Find the video scene with 
the audience“ or „Find the video scene with 
the referee“. Thereafter, the experimenter asks 
the participant if he has any questions about 
this part of the user study.

explaining the uSer interFace oF the prototype

To explain the user interface of the prototype 
application, a paper sheet showing the main 
screens of the application is used. Depending 
on the level of display mode the participant is 
assigned to, the paper sheet shows either the 
user interface for icons or the user interface 
for colour stripes. The participant is informed 
that the first screen is the task introduction 
screen which contains the current task num-
ber and the total number of tasks in the active 
task session. The experimenter states that the 
participant can take as much time as he likes 
when seeing this screen and should press the 
„Start Task“ button as soon as he feels ready 
(Figure 5.14).

Figure 5.14: Task introduction screen showing the 
number of the current task and the number of total 
tasks in the task session. 

to mark the user study room for participants. 
Additionally, the door sign informs by-passing 
people that a user study is under conduction 
and disturbance is not allowed.  

introducing the participant to the uSer Study

After entering the room, participants are as-
signed to a seat. The experimenter starts the 
user study by thanking the participant for his 
will to participate. Following this, the experi-
menter repeats the information from the invi-
tation by summing up the general topic of the 
user study. The experimenter explains that the 
user study is about browsing video on a mobi-
le device and that the participant will use the 
iPod touch. The experimenter adds that the 
participant will be given a set of hockey vide-
os and that he will be asked to find specific 
video scenes within these hockey videos.  

Signing the conSent Form

Following this general information, the ex-
perimenter informs the participant that he 
has to sign the consent form to confirm that 
he agrees with all experimental conditions. A 
printed version of the consent form is given to 
the participant and each passage is explained 
by the experimenter. The experimenter briefs 
the participant that there is only minimal risk 
involved in the study, that his data is kept con-
fidental and that he has the right to withdraw 
from the user study at any time. The partici-
pant is encouraged to take as much time as 
he needs to go over the consent form and he 
is asked to sign the consent form on the last 
page if he agrees with the conditions. The ex-
perimenter also emphasizes that the partici-
pant can ask questions at any time during the 
user study.

oVerView oF the taSk SeSSion 

After the participant has signed the consent 
form, the experimenter gives a detailed expla-
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The experimenter explains that the participant 
should first read the text of the task which is 
positioned on top of the screen. Following 
this, the experimenter introduces the parti-
cipant to the other user interface elements. 
First he goes over the elements known from 
traditional video players that are a video win-
dow showing the hockey video in the middle 
of the screen and a scrubber bar used to fast-
forward or to rewind the video which is loca-
ted at the bottom of the screen. 

Afterwards, the experimenter informs the 
participant that the user study examines how 
visual cues can help to locate specific video 
scenes. Depending on the level of display 
mode the participant is assigned to, the expe-
rimenter either uses the word „icons“ or „co-
lour stripes“ instead of „visual cues“. Based on 
this explanation, the experimenter introdu-
ces the participant to the video timeline that 
contains different visual cues. The experimen-
ter states that each visual cue represents the 
meaning of a specific video scene. The parti-
cipant is told that each task in the user study 
requires him to identify a video scene that 
corresponds to one of the visual cues seen on 
the video timeline.  

As an example, the task „Find the video scene 
with the audience“ is used. The experimenter 
gives the participant a second paper sheet 
that contains a legend showing the meaning 
of the different visual cues. The participant 
is asked to use the legend to find the corres-
ponding visual cue for the audience. After the 
participant identified the visual cue for the 
audience, the experimenter shows him how 
he can use the scrubber bar to move to the 
corresponding video scene. A vertical black 
line on the video timeline moves according to 
the position of the playhead on the scrubber 
bar and gives additional feedback when a vi-
sual cue is reached. 

After the task is started, the participant is in-
troduced to a loading screen that shows the 
progress of loading the next video which takes 
approximately ten seconds (Figure 5.15). 

Figure 5.15: Loading screen displaying the progress 
of loading the hockey video for the current task.

As soon as the loading is finished the par-
ticipant is presented to the video browsing 
screen (Figure 5.16). 

1 2 3

4

5
6

Figure 5.16: Video browsing screen for both display 
modes icons (top) and colour stripes (bottom) 
containing a done-button (1), a task text field (2), a 
skip-button (3), a video player (4), a video timeline 
with visual cues (5) and a scrubber bar (6).
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being able to finish a task, the participant is 
informed about the skip-task button in the 
top right corner of the screen which stops the 
current task and moves to the task introduc-
tion screen which presents the next task.

Figure 5.18: The task failed screen is shown when 
the participant pressed the done-button but 
missed the correct video scene.

explaining the legend oF ViSual cueS

After explaining the user interface, the expe-
rimenter goes over the different meanings of 
the visual cues on the legend paper sheet. The 
meaning of each visual cue is read aloud and 
a short explanation is given. The experimenter 
advices the participant to put the device on 
the free space of the legend sheet in the lower 
right corner to always have the best view on 
the meanings of the visual cues (Figure 5.19).

Figure 5.19: User study setup showing a participant 
that is doing the task session with colour stripes. 

Furthermore, each visual cue highlights when 
the playhead reaches its position.

The participant is informed that after he 
reached the correct visual cue on the timeline, 
he has to press the done button in the upper 
left corner to confirm his choice. The experi-
menter suggests to use the right index finger 
for dragging on the scrubber bar and the left 
index finger for pressing the done button.

The experimenter explains that after hitting 
the done button, the participant is either 
presented to a task completed screen (Figure 
5.17) or to a task failed screen (Figure 5.18). 

When seeing the task completed screen, the 
participant successfully found the video scene 
and finished the task. By pressing the next 
task button, the participant moves to the task 
introduction screen to start the next task.

Figure 5.17: The task completed screen is shown 
after the participant has found the correct video 
scene and pressed the done-button.

When seeing the task failed screen, the parti-
cipant missed the correct video scene and is 
asked to retry the search. The experimenter 
informs the participant that he can try finding 
the correct video scene as often as he likes. 
Additionally, the experimenter emphasizes 
that it is more valuable for the user study if 
the participant is searching until he success-
fully completed the task. For the case of not 
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possible and to make as few errors as possible 
when searching for the video scenes. The ex-
perimenter then starts the tasks as described 
previously with a break after each task sessi-
on.

Filling in a queStionnaire

Subsequently the participant completed all 
tasks, he is asked to fill in a questionnaire. The 
questionnaire contains four rating questions 
that require the participant to evaluate how 
often he is searching for video scenes in fa-
miliar and unfamiliar video sources and if he 
thinks the visual cues helped him to locate 
scenes of interest and to reason about the un-
derlying video content. 

Following the rating questions, the partci-
pant is asked to give his opinion on several 
topics by writing into a plain text field or by 
drawing sketches for suggestions that are ea-
sier communicated visually. The questions ask 
the participant, for instance, if he can imagine 
other types of visual cues that can be used on 
a video timeline, where he sees advantages in 
using the visual cues presented to him during 
the user study and where he sees room for en-
hancement concerning the visual cues he has 
seen on the video timeline. 

Like the user interface and the legend paper 
sheet, the questionnaire depends on the level 
of display mode participants are assigned to. 
The questionnaire for a participant in the co-
lour stripe group asks him about advantages 
and enhancements concerning colour stripes 
and if he can imagine other visual cues than 
colour stripes on the video timeline, whereas 
a participant in the icon group is asked the 
same question but concerning icons. 

After the participant finished giving his opi-
nion and suggestions, he is asked to fold his 
questionnaire once to ensure confidentiality 
of his data. Later, the experimenter gives each 

Furthermore, the experimenter informs the 
participant that tasks referring to hockey 
teams label the teams by the colour of their 
tricots. For instance, instead of asking for a 
goal of the Vancouver Canucks, the task asks 
for the goal of the white-blue team. The ex-
perimenter gives reason for this by explaining 
that the participation in the experiment does 
not require any previous hockey knowledge.

Following the overview of the user interface 
and the legend, the experimenter emphasizes 
that the participant should try to find the vi-
deo scenes as fast as possible and with as few 
errors as possible. Afterwards, the participant 
is asked if he has any questions concerning 
the user interface and the legend and when 
denied is introduced to the training session. 

conducting the training SeSSion

The training session is used to allow the par-
ticipant to familiarize himself with the user 
interface. Based on this, the training session 
minimizes learning effects during the user 
study. The experimenter states that the first 
five out of the thirty tasks are training tasks 
and that the participant can take as much 
time as he likes for the completion by reason 
that the data is not used for evaluation. The 
experimenter starts the prototype application 
on the device and the participant conducts 
the training session. At the end of the training 
session the participant is asked if he has any 
questions. Furthermore, he is encouraged to 
repeat the training session if necessary or to 
progress to the task session of the user study.

conduction the taSk SeSSion oF the uSer Study

After the participant emphasized that he feels 
familiar with the user interface, the experi-
menter informs the participant that he will 
now start the experiment with the remaining 
twentyfive tasks. The experimenter repeats 
the goal for the participant to be as fast as 
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Since we did not measure the frame number 
where the error occured, we cannot reason 
which data set with errors resulted from this 
cause. However, tasks with errors appeared 
only in 8% of the icon and colour stripe data 
sets (Figure 5.20). 
            

       

tasks 

completed 

with errors

tasks 

completed 

without errors

Ohne Titel 1 11 133

8%

92%

tasks 

completed 

with errors

tasks 

completed 

without errors

Ohne Titel 1 12 138

8%

92%

tasks completed with errors

tasks completed without errors

Error Rate:

Colour Stripes Icons

   

Figure 5.20: In 8% of all data sets participants made 
errors while searching for the correct video scene. 

remoVing data with time oVer threShold

Furthermore, we remove all data sets that 
have a finding time over the treshold of 15s. 
Only 4% of all data sets in both display modes 
have a finding time above 15s and those are 
often far beyond this value (Figure 5.21).   

             

15s or more 0s - 5s 5s - 10s 10s - 15s

Ohne Titel 1 5 36 92 6

4%
26%

66%

4%

15s or more 0s - 5s

5s - 10s 10s - 15s

15s or more 0s - 5s 5s - 10s 10s - 15s

Ohne Titel 1 4 27 91 11

3%
20%

68%

8%

Finding Time:

Colour Stripes Icons

            
                      

Figure 5.21: Only 4% of data sets in both display 
modes have a finding time above 15s. We remove 
these data sets from our evaluation.  

consent form and questionnaire a number for 
reference purposes. With handing over the 
questionnaire, the participant completes the 
user study and the experimenter thanks him 
again for his participation.

5.4 User stUDy resUlts

Based on our user study conduction, we gain 
twelve data sets for each of the twentyfive 
search tasks which makes 300 data sets in to-
tal (150 colour stripes, 150 icons). 

In our user study, five tasks are assigned to 
each of the five levels of distribution which re-
sults in 60 data sets per distribution. 

From these 60 data sets half provide insights 
into the finding time and error rate when co-
lour stripes are used on the video timeline. 
The other half corresponds to icons that are 
adjusted with our novel approach SCADE. 

According to this, we have an appropriate data 
collection to evaluate how the finding time is 
influenced by the display mode and the den-
sity of distribution of visual cues.

5.4.1 cleanIng the Data set

Before we evaluate the data with regard to a 
comparison of finding time between colour 
stripes and icons, we clean the data to remo-
ve values that either contain errors or have a 
finding time above a certain treshold. 

remoVing data with errorS

First, we remove the data sets that contain 
one or more errors made by the participant 
while searching for the correct video scene. 
We delete these data sets by reason that some 
participants stated that they missed the video 
scene by a few seconds because the visual 
cues are too small to select properly. 

chapter 5 User stUDy

So
u

rc
e: 

o
w

n
 F

ig
u

re
So

u
rc

e: 
o

w
n

 F
ig

u
re



52

Icons Colour 

Stripes

1

2

3

4

5

5526,323 5684,833

5668,4 6303,54666

7896,62 7125,24

7968,1033 7202,2633

7896,4 6313,7266

0

900

1800

2700

3600

4500

5400

6300

7200

8100

9000

1 2 3 4 5

y = 215,65x + 5879

y = 703,99x + 4879,2

Trendline for Average Finding Time per Distribution

F
in

d
in

g
 T

im
e
 i
n

 m
s

Number of Visual Cues per Time Interval 10s

Icons Trend 1
Colour Stripes Trend 2

Figure 5.24: Finding time according to the five le-
vels of distribution. The trend line shows that with 
increasing density, the finding time of icons increa-
ses faster than the finding time of colour stripes

5.4.3 qUestIonnaIre resUlts

The questionnaire we use for the user stu-
dy collects both quantitative and qualitative 
data.

Search in Familiar and unFamiliar VideoS

The first question asks participants how often 
they search for video scenes in familiar video 
sources, such as a favorite tv series or an old 
family video, and how often they search for 
video scenes in unfamiliar video sources, such 
as a video tutorial or a sportsgame that they 

5.4.2 comparIng the average fInDIng tIme

After cleaning the data sets, we calculate 
the average finding time for each task (Figu-
re 5.22). Our calculation shows that the dif-
ference of finding time between the colour 
stripes and the icons is small and often less 
than one second. Evaluated over the whole 
task session, colour stripes are faster in 60% of 
all tasks, whereas icons are faster in 40% of all 
tasks (Figure 5.23).

                   

Icons Colour 

Stripes

Ohne Titel 1 10 15

40%
60%

Shorter Finding Time

Icons
Colour Stripes

Figure 5.23: When the finding time of colour stripes 
and icons is compared for each task, colour stripes 
are faster in 60% and icons in 40% of all cases.

However, when the finding time is sorted ac-
cording to the five different levels of distribu-
tion, we can state that with increasing density 
the finding time with icons increases faster 
than with colour stripes (Figure 5.24).  
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Figure 5.22: Finding time for each task when either colour stripes or icons are used as visual cues on the timeline.
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and suggestions into a plain text field that can 
be either used for written statements or can 
be used for drawing sketches of visual enhan-
cements.

2,545 2,835

Icons

1,17 2,17

Colours

1,17 2,5

1

2

3

4

5

Icons Colour Stripes

2,5

2,17

1,171,17

Locating Scenes of Interest

help to see where scenes of interest are located
help to reason about the content of the underlying video

I agree 

strongly

I don‘t 

agree

Figure 5.26: Participants opinions when asked how 
helpful the visual cues are for locating scenes of 
interest and reasoning about the video content.

other typeS oF ViSual cueS

The third question asks participants which 
other visual cues they can imagine to be posi-
tioned on a timeline to represent the content 
of a video scene. Four out of six participants in 
the colour stripe group mention that symbols 
or icons are better visual cues. One participant 
notes that he prefers colour stripes with small 
letters such as an „R“ for referee or colour 
stripes that have small symbols assigned. Ano-
ther participant suggests to use colour stripes 
for regular activities and markers such as „!“ or 
„*“ for specific events. Finally, one participant 
explains that speech bubbles which appear 
while browsing through the video would be 
more effective. 

When the same question is asked to partici-
pants in the icon group, they mention more 
enhanced visual cues, such as using stills of 
the video scene, animations and words or ab-
breviations. However, none of the participants 

missed. Participants have four options which 
are labeled: very often, often, occassionally 
and never. The results show that on average 
participants search more often in familiar vi-
deo sources than in unfamiliar video sources 
as described in figure 5.25. 

2,545

2,835

1

2

3

4

Familiar Videos Unfamiliar Videos

2,835

2,545

Searching Behaviour

How often do you search in these video sources?

very 

often

never

often

occasio

nally

Figure 5.25: Participants search more often in fa-
miliar video sources such as a favorite tv series or a 
family video than in unfamiliar video sources.

location oF SceneS oF intereSt and reaSoning 
about underlying Video content

In the second question, participants are requi-
red to rate if the visual cues used in the user 
study helped to see where scenes of interest 
are located and if the visual cues helped to 
reason about the content of the underlying 
video scene. 

Participants in both groups the colour stripes 
and the icons agree strongly that the visual 
cues are helpful to see where scenes of interest 
are located. However, when asked if the visual 
cues helped to reason about the underlying 
video content, participants in the icon group 
agree stronger than participants in the colour 
stripe group as described in figure 5.26.

After these two quantitative questions, parti-
cipants are requested to insert their opinions 
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participants state that they prefer placing the 
visual cues directly on the scrubber bar and 
not on a second video timeline. Finally, one 
participant notes that he would like to select 
the visual cues directly. 

Figure 5.27: Scaling according to the mouse positi-
on as known from Mac OS X.

Participants in the colour group mainly state 
that they had problems to select the colour 
stripes due to their small size. Their suggesti-
ons include to either make all colour stripes 
thicker or to adjust the width according to the 
duration of the corresponding video scene. 
Two participants respond that the large set 
of different colours is confusing and that they 
would prefer using fewer colours for broader 
categories.  

Participants in the icon group mention that 
some icons are not suitable for scaling. For in-
stance, the goal icon showing a hockey puck 
looks like a small black dot on the video time-
line when adjusted with SCADE. One partici-
pant notes that the aspect-ratio of icons has 
to be constant because otherwise the icons 
are difficult to recognize. This participant sug-
gests to position the icons with a vertical off-
set to solve the space problem (Figure 5.28). 

Figure 5.28: Positioning icons with a vertical offset 
to gain space for displaying the icons in full size.

Another participant proposes not to change 
the aspect-ratio but to provide a distinct icon 

in the icon group states that colour stripes are 
a better means to represent the content of a 
video scene. 

adVantageS oF colour StripeS/iconS

The fourth question requires participants to 
state which advantages they see concerning 
the visual cues used on the video timeline 
during the user study. Participants in both 
groups agree that the visual cues support the 
finding of video scenes, that they provide an 
easier navigation, that they save time when 
searching and that they support knowing 
the interval and number of scenes of interest 
throughout the video. One participant notes 
that the visual cues are especially helpful for 
longer videos.

Additionally, participants in the colour stri-
pe group mention that colour stripes require 
only little space, that they are distinguishable, 
easy to remember and not ambiguous.  

Participants in the icon group mention that 
icons are easily recognizable (especially when 
having different shapes and colours), that they 
are very good scalable and that they become 
familiar when used more often. 

enhancementS For colour StripeS/iconS

The last question asks participants where they 
see room for enhancements concerning the 
visual cues used on the video timeline during 
the user study. Participants in both groups 
suggest that the visual cues scale to a larger 
size when the playhead reaches their loca-
tion. This user interface concept is known, for 
instance, from Apple‘s operation system Mac 
OS X (Figure 5.27). 

One participant proposes that the visual cues 
are placed in the video window and not on the 
timeline because he felt distracted by refer-
ring to the video timeline for searching. Other 
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video sequences with a length of one minu-
te. However, when videos are short, the event 
frequency has to be high to be able to place 
enough meaningful visual cues on the video 
timeline for the user study tasks.  

5.5.2 UnIqUeness of vIsUal cUes

Following this, the visual cues we used on the 
video timeline were mostly unique since most 
events in the one minute video happened 
only once.  For instance, if a task required the 
participant to find „the man in the audience 
with the yellow poster“ there was only a sin-
gle audience icon on the timeline due to the 
fact that the audience was only shown once 
in the video. 

During the user study, several participants 
stated that they often paid no attention to the 
video window and used only the video time-
line with visual cues to find the correct video 
scene since solving the task did not require to 
monitor the video window. For few tasks, we 
were able to integrate several visual cues of 
the same type into a single video sequence. 
Based on this, participants were required to 
check if the visual cue corresponds to the vi-
deo scene the task was asking for. For instance, 
in one video sequence, we used two audience 
cues: one corresponding to two girls and one 
corresponding to a man. When participants 
were asked for one of these scenes, they were 
required to review each audience cue and its 
corresponding video scene to make sure they 
found the correct video scene. 

Furthermore, when the length of video se-
quences is limited to one minute, the finding 
time of video scenes is very short. Following 
this, differences concerning the finding time 
between icons and colour stripes are less ob-
vious than with longer video sequences. 

for each width. For instance, when the icon is 
thin and has the shape of a colour stripe, it still 
can contain textural patterns representing the 
original icon (Figure 5.29). 

    

Figure 5.29: Providing a distinct icon for each width 
of the visual cue by referring to textual patterns.

5.5 InterpretatIon of experIment resUlts

As described in the previous section, the dif-
ference between the finding time with colour 
stripes and with icons is very small according 
to our results. Additionally, colour stripes are 
faster than icons in the majority of cases when 
the finding time of each task is evaluated. Fi-
nally, our results show that with an increasing 
density of distribution, the finding time with 
icons increases more than with colours. 

Based on this, adjusting the icons with our 
novel approach SCADE does not support the 
user in finding video scenes faster than with 
the colour stripes. However, we believe that 
our novel approach SCADE is advantageous 
compared to existing approaches, such as 
overlapping the icons or layering the icons 
with transparency, but not yet at a level of 
development to provide the user with faster 
video navigation than colour stripes.

5.5.1 lImItatIon of vIDeo length

Furthermore, our user study design was limi-
ted due to the resources available for writing 
this thesis. First of all, our prototype is, at pre-
sent, not advanced enough to run a user stu-
dy with a complex setup. Especially the me-
mory limitations on the device caused several 
problems and finally we were only able to use 
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5.5.3 task complexIty

Additionally, the legend paper sheet made the 
completion of tasks simple since participants 
were only required to find a certain visual cue, 
but not to memorize its meaning. Basically, 
using a legend paper sheet is an appropriate 
approach due to the fact that we do not want 
to measure how well participants memorize 
the meanings of colour stripes and icons, but 
aim at measuring how quickly participants 
can locate visual cues on a video timeline. 
However, if participants can refer to the me-
anings of visual cues at each moment, search 
tasks have to be more complex than those we 
used in our user study. Task complexity can be 
increased, for instance, by using longer vide-
os, by raising the number of visual cues of the 
same type and by distributing the visual cues 
more densely on the video timeline.

With regard to the insights we gained in our 
user study, we believe that future evaluation 
will deliver more meaningful results concer-
ning the usefulness of our novel approach 
SCADE. Future work will cover further de-
velopment of our prototype to run a more 
complex user study setup and to expand our 
knowledge on video browsing with visual 
cues. 

chapter 5 User stUDy
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6. conclUsIon anD fUtUre work

In the following section, we review the work 
covered in this thesis, make suggestions for 
future work and give information about a pu-
blication we submitted to a conference on 
user interface software and technology.

6.1 overvIew of the research process

In this thesis, we presented a novel user inter-
face concept called TAV that is developed as 
a part of the MyView project to further per-
sonalize video browsing. Due to the massive 
growth of video content online and offline, 
advanced user interfaces are needed to pro-
vide the user with effective means for brow-
sing video collections according to his perso-
nal interests. Recent literature contains many 
examples how large video collections can be 
searched effectively. However, we believe that 
the search in a single video source has to be 
explored in more detail. 

People often access video to look for a specific 
scene, for instance, to find a part of a favorite 
tv series or to search in a sports video for the 
highlights of the game. Existing literature on 
video search and navigation has mainly fo-
cused on the textual approach, such as using 
keyword input into a search engine. However, 
only little work has examined effective visua-
lization approaches. In our work, we focused 
on the usage of visual cues that are positi-
oned on a video timeline. Each visual cue re-
presents the content and temporal location of 
a video annotation. Based on this, our novel 
user interface concept TAV enables the user to 
view the temporal video annotations simul-
taneously with their related video scene. Fur-
thermore, TAV allows the user to apply filter 
mechanisms to the visual cues to only display 
the temporal video annotations that are of in-
terest for him.  

Most existing approaches for visual video 
navigation with timelines make use of co-
lour stripes to show where interesting video 
scenes are located. However, colour stripes 
are abstract and difficult to distinguish due to 
a limited range of distinct colours. We sugge-
sted to use icons since they incorporate more 
semantic information and are better recogniz-
able. 

However, while colour stripes only need a sin-
gle pixel in width to represent a video scene, 
icons need more space on the video timeline 
which soon becomes a problem with regard 
to the limited screen real-estate, especially on 
mobile devices. To address this problem, we 
developed a novel approach called SCADE 
that adjusts icons according to the available 
screen space. 

We conducted a user study based on TAV and 
Scade to examine the trade-off between de-
tailed semantic information and limited screen 
real-estate. In our user study, we measured 
the finding time of video scenes when colour 
stripes or icons are used on the video timeli-
ne. However, due to our limited user study se-
tup we were not able to find enough evidence 
that icons adjusted with SCADE provide faster 
video navigation. We believe that the know-
ledge we gained during this first user study 
will help to further the development of our 
prototype. Following this, we will be able to 
run a more complex user study setup to find 
more evidence for the usefulness of SCADE.

6.2 categorIzatIon: coloUr anD pattern

While it was appropriate to evaluate only co-
lour stripes and icons due to the limits of this 
thesis, we think that a third category of visual 
cues has to be taken into account to examine 
the trade-off between detailed semantic in-
formation and limited screen real-estate. Be-
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sources of related work and included advices 
for our on-going research. For future develop-
ment of our novel interface concept TAV, we 
hope to gain new insights during the poster 
presentation and to meet researchers that 
work on similar problems.  
 
6.5 research term at hct

Our work at the HCT Laboratory was an expe-
rience that helped us to improve our research 
skills throughout the whole research process. 
We are confident that the knowledge we gai-
ned in the last seven months will be of impor-
tant value for further research. For the future, 
we hope that the collaboration between the 
HCT Laboratory of UBC and the degree pro-
gram Computer Science in Media of HH will 
enable other students to progress on their re-
search skills.

side the evaluation of colour stripes (colour, 
no pattern) and icons (colour and pattern), we 
also have to consider the usefulness of black 
and white icons (no colour, but pattern). Fol-
lowing this, we will be able to reason in more 
detail how colour and pattern contribute to 
faster video navigation.

6.3 IntegratIon of tav In the myvIew project

TAV is one of the four user interface concepts 
for personalized video browsing developed in 
the MyView project. In this thesis, we focused 
on developing a first version of TAV. Future 
work will cover the integration of TAV into the 
existing user interface concepts to make pos-
sible new ways of interacting with video. For 
instance, the combination of the object selec-
tion with the filter mechanisms of TAV provi-
des the user with a novel approach to define 
for which object in the scene he wants to see 
visual cues on the timeline. If a user selects a 
hockey player in the scene, TAV shows only 
the visual cues concerning the selected player, 
such as visual cues showing where the player 
scored or where the player got a penalty. 

6.4 UIst poster sUBmIssIon

On June 30, 2010, we submitted a poster to 
the ACM Symposium on User Interface Soft-
ware and Technology called UIST which is the 
premier forum for innovations in the software 
and technology of human-computer inter-
faces. The poster represents our on-going 
work on temporal video annotation and will 
be presented from October 3 to 6, 2010, in 
New York City as part of UIST 2010. Attached 
to the poster is a two pages abstract that em-
phasizes the importance of temporal video 
annotation as a recent research topic and sta-
tes our novel solutions for the recent challen-
ges in navigating time-based media, such as 
video. The feedback of the reviewer that over-
saw our poster provided us with additional 
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Using Temporal Video Annotation as a Navigational Aid 
for Video Browsing 

Stefanie Müller, Gregor Miller and Sidney Fels 

Dept. of Electrical and Computer Engineering 

University of British Columbia 

{smueller, gregor, ssfels}@ece.ubc.ca 

ABSTRACT 

Video is a complex information space that requires ad-
vanced navigational aids for effective browsing. The in-
creasing number of temporal video annotations offers new 
opportunities to provide video navigation according to a 
user's needs. We present a novel video browsing interface 
called TAV (Temporal Annotation Viewing) that provides 
the user with a visual overview of temporal video annota-
tions. TAV enables the user to quickly determine the gen-
eral content of a video, the location of scenes of interest 
and the type of annotations that are displayed while watch-
ing the video. An ongoing user study will evaluate our 
novel approach. 
ACM Classification: H5.2 [Information interfaces and 
presentation]: User Interfaces. - Graphical user interfaces. 
General terms: Design, Human Factors  
Keywords: Video Browsing, Video Navigation, Video 
Annotation, Video Search 

INTRODUCTION 

Although video annotation is a growing phenomenon, the 
current approach for viewing and finding video annotations 
is still at a basic level. Even though many annotations refer 
to a specific subset (or scene) of the video and are therefore 
temporal in nature, the established approach does not take 
this characteristic into account. On popular video platforms 
such as YouTube, video comments (a widely used type of 
annotation) are displayed in a single entry list that does not 
change during playback. However, we believe that this 
static approach is not appropriate for a time-based medium 
such as video. We propose that video annotations be dis-
played simultaneously with the scene to which they refer. 
Furthermore, enabling the user to add temporal video anno-
tations also provides new opportunities for browsing video. 

The static approach for visualizing video annotations can-
not be easily used to provide navigational cues. However, 
with a temporal approach video annotations can be used to 
support the user with additional information such as the 
scene’s content and locations of interest. We believe that 
providing the user with a visual overview of temporal video 
annotations improves video navigation speed.  
In addition to the problem of non-temporal video annota-
tion there is also a lack of filtering mechanisms. The in-
creasing number of annotations requires an interface that 
enables the user to define which annotations are relevant. 
For example, only the annotations made by a specific per-
son (such as a friend) or the annotations related to a spe-
cific event in the video (a goal in a sporting event).
In the following sections we present related work in the 
field of video browsing with visual cues and introduce our 
novel approach called TAV. 

RELATED WORK 

The existing literature contains many examples of research 
on visualizing the underlying video content either by 
extracting image-based features such as dominant color, 
sound volume or motion [3] or by interpreting the video’s 
content, for example in the form of visualizing character’s 
emotions [1]. However, none of this work has focused on 
using temporal video annotation as a means to provide 
navigational aids based on a video’s content. We believe 
that the increasing number of temporal video annotations is 
a valuable source for navigational cues while browsing 
through a video.
Furthermore, current visualization approaches do not sup-
port the user with effective filter mechanisms. Costa et al. 
[2] emphasized how temporal annotations can provide mul-
tiple perspectives on a video. We believe that enabling the 
user to choose the visual cues according to his needs will 
result in a more efficient browsing experience.  

NAVIGATING VIDEO WITH VISUAL CUES 

We have developed TAV, a novel video browsing interface 
that provides the user with a temporal overview of video 
annotations including visual cues that represent the under-
lying video content.

Permission to make digital or hard copies of all or part of this work for 
personal or classroom use is granted without fee provided that copies are 
not made or distributed for profit or commercial advantage and that copies 
bear this notice and the full citation on the first page. To copy otherwise, 
to republish, to post on servers or to redistribute to lists, requires prior 
specific permission and/or a fee. 
UIST’10, October 3–6, 2010, New York City, New York, USA. 
Copyright 2010 ACM  978-1-60558-745-5/09/10...$10.00. 

This poster was submitted to UIST 2010 on June 30, 2010, as a presentation of on-going work. The 
poster was accepted on July 23, 2010, and minor changes according to the comittee were made 
until the camera-ready deadline on August 13, 2010. 
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Searching Video by Annotations 

TAV’s user interface, an example of which is shown in 
Figure 1, consists of a traditional video player (1) vertically 
adjacent to our novel browsing interface. Below the video 
player multiple timelines (2) are displayed. Each timeline 
refers to a specific type of video annotation, in this case 
goals or penalties in a hockey game. Each timeline consists 
of a visual identifier on the left side followed by a scrub bar 
with multiple annotation icons. Annotations are located 
according to their temporal appearance in the video and can 
be of different types – our example shows icons represent-
ing Canada and USA in a hockey game. Based on this, the 
user cannot only see where goals occurred in the video but 
also which team made the goal. The user can drag the play-
head to advance to a scene of interest. 

Viewing Video with Annotations 

While the video is playing the video annotations are shown 
in the viewing table (4). This enables the user to watch an-
notations simultaneously with the video scene they refer to. 
Annotations are added to and removed from the viewing 
table according to the playhead’s position on the video 
timeline.  

Filtering Annotations 

In order to provide the user with the ability to adjust the 
visual overview according to their needs we integrated two 
filter mechanisms. A filter toolbar (3) enables the user to 
determine which types of annotations are displayed on the 
timelines. For instance, if a user is only interested in goals 
and penalties referring to Canada, he can deactivate USA’s 
annotations by selecting the related filter button. A second 
filter method can be applied by deactivating a timeline. For 
instance, if a user is only interested in goals but not in pen-
alties, he can deactivate the second timeline by selecting it 
on the left side.

Using Annotations to Identify Interesting Scenes 

Besides the qualitative use of video annotation as a visual 
cue for representing the underlying video content, we also 
provide quantitative navigational aids. A high number of 
annotations added to a video scene usually indicates that 
many people found this scene interesting. TAV visualizes 
the quantitative distribution of video annotations by placing 
different scaled thumbnails below the video timeline (Fig-
ure 2). This enables the user to quickly determine which 
scenes got the most attention by other viewers and there-
fore might be of interest. We addressed the limited space 
problem by providing the user with zooming functionality 
that allows him to define the level of detail according to his 
needs.

CONCLUSION 

We presented a novel video browsing interface called TAV 
that enables the user to navigate through video by using a 
visual overview of temporal video annotations. We empha-
sized the potential of temporal video annotations as a valu-
able source for navigational cues and demonstrated how 
simple filter mechanisms can help the user to focus on in-
formation relevant to him while browsing through a video. 
Future work will include the evaluation of our novel user 
interface concept by conducting a user study. 
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Figure 1: TAV User Interface, (1) traditional video 

player, (2) annotation layer, (3) annotation filter, (4) 

annotation viewing  

Figure 2: A thumbnail s size below the playhead in-

dicates the number of video annotations in a scene 

to identify scenes of interest.  
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Consent Form – 23/06/2010  Page 1 of 3 

      THE UNIVERSITY OF BRITISH COLUMBIA 

                           Media and Graphics Interdisciplinary Centre 
                                     Forest Sciences Centre Building 
                                     FSC 3640 - 2424 Main Mall 
                                     Vancouver, BC V6T 1Z4 

 Tel: 1-604-822-8990 Lab: 1-604-822-9248 

Consent Form
On the Usage of Temporal Video Annotation as a Navigational Aid for Video Browsing 

Principal Investigators 

Dr. Sidney Fels, Associate Professor, Department of Electrical and Computer 
Engineering, University of British Columbia (604) 822-5338 

Student Investigators 

Stefanie Mueller, Bachelor student, Human Communication Technologies Laboratories 
(HCT), University of British Columbia (604) 822-4583 

INVITATION TO PARTICIPATE 

You are being invited to take part in this research study because you are a healthy adult, 
between the ages of 19 and 50 years and you have either normal vision or wear corrected 
lenses.

OVERVIEW

This study is designed to examine the usefulness of temporal video annotation as a 
navigational aid for browsing video. As part of our continuing research program, our 
interest is to consider the personal video browsing experience thoroughly. We are 
conducting investigations to extend existing user interface guidelines for customized 
browsing of complex video spaces. The purpose of this study is to create a user interface 
concept for browsing a video by using temporal video annotation as a navigational aid. 
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PROCEDURES

In this experiment, you will be asked to find a specific video scene within a video by 
using the provided interface for browsing. The video will be presented on a mobile 
device with touchscreen (iPhone) and you will use your fingers to navigate through the 
video. Your primary goal will be to respond as fast as possible. 
A camera will monitor your responses. The data resulting from the tasks will be used to 
study the usage of the interface in detail. This information will help us to understand how 
using temporal video annotation as a navigational aid supports video browsing. 
At the end of the experiment you will be asked to fill in a short questionnaire concerning 
the different user interfaces that you used during the experiment. 

RISKS

The risks involved in participating in this experiment will be minimal. That is, the risks 
are no greater than the risks in everyday life. You might experience some slight fatigue, 
as you will be asked to maintain focused attention and concentration throughout the 
experiment.

CONFIDENTIALITY

Any information resulting from this research study will be kept confidential. All 
documents will be identified only by a code number and kept in a locked filing cabinet in 
the principal investigators research office. You will not be identified by name in any 
reports or scientific publications of the completed study. All backup computer files will 
be kept in a locked filling cabinet, and any data files that reside on the data analysis 
computer in the Media and Graphics Interdisciplinary Centre (room 3641, Forestry 
Center, UBC), will be number coded. Only Dr. Fels and his research assistants will have 
password access to these files. The data will be used for publication purposes only, and 
will be retained for a minimum of five years post-publication or completion of the study, 
after which time raw data will be destroyed. 

Your confidentiality will be respected. No information that discloses your identity will be 
released or published. Research records identifying you may be inspected in the presence 
of the Investigator by representatives or the Natural Sciences and Engineering Research 
Concil of Canada, or the UBC Research Ethics Board for the purpose of monitoring the 
research. However, no records which identify you by name or initials will be allowed to 
leave the Investigators’ offices. 

RIGHTS TO WITHDRAW FROM THE RESEARCH 

Your participation is voluntary and you may withdraw at any time without consequences. 
Data collected up to the point of your withdrawal from the study will be kept for data 
analysis purposes under strict provisions of confidentiality.
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Consent Form – 23/06/2010  Page 3 of 3 

COMPENSATION

You will receive a $10 compensation for your participation in this project. 

Contact Information About the Project 

If you have any questions or require further information about the project you may 
contact Sidney Fels at (604) 822-5338 or Stefanie Mueller at (604) 822-4583. 

Contact For Information About The Rights Of Research Subjects 

If you have any concerns about your treatment or rights as a research subject, you may 
contact the Research Subject Information Line in the UBC Office of Research Services at 
604-822-8598.

CONSENT

Your signature below indicates that you have received a copy of this consent form for 
your own records. 

Your signature indicates that you consent to participate in this project.  You do not waive 
any legal rights by signing this consent form. 

I, ________________________________, agree to participate in the project as outlined 
above. My participation in this project is voluntary and I understand that I may withdraw 
at any time.

____________________________________________________
Participant’s Signature                                                     Date 

____________________________________________________
Student Investigator’s Signature                                       Date 
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Date: Fri Aug 27 15:00:12 2010 Print Close

The University of British Columbia
Office of Research Services
Behavioural Research Ethics Board
Suite 102, 6190 Agronomy Road
Vancouver, BC V6T 1Z3

H10-01894   Moving Hyperlinks - Temporal Annotation Viewing   (Version 1.0)

Principal Investigator: Sidney S. Fels

1. Principal Investigator & Study Team - Human Ethics Application [View Form]

1.1. Principal Investigator Please select the
Principal Investigator (PI) for the study. Once
you hit Select, you can enter the PI's name, or
enter the first few letters of his or her name
and hit Go. You can sort the returned list
alphabetically by First name, Last name, or
Organization by clicking the appropriate
heading.

Last
Name

First
Name

Employer.Name Email

Fels
Sidney
S.

Electrical and Computer
Engineering

ssfels@ece.ubc.ca

Enter Principal Investigator Primary
Department and also the primary location of
the PI's Institution:

1.2. Primary Contact Provide the name of ONE
primary contact person in addition to the PI
who will receive ALL correspondence,
certificates of approval and notifications from
the REB for this study. This primary contact
will have online access to read, amend, and
track the application.

Last Name First Name Rank
Miller Gregor Research Fellow

1.3. Co-Investigators List all the
Co-Investigators of the study. These members
WILL have online access which will allow them
to read, amend and track the application.
These members will be listed on the certificate
of approval (except BC Cancer Agency
Research Ethics Board certificates). If this
research application is for a graduate degree,
enter the graduate student's name in this
section.

Last
Name

First
Name

Institution/Department Rank

Mueller Stefanie
UBC/Applied Science/Electrical and
Computer Engineering

Visitor

1.4. Additional Study Team Members - Online
Access List the additional study team members
who WILL have online access to read, amend,
and track the application but WILL NOT be
listed on the certificate of approval.

Last Name First Name Institution/Department Rank

1.5. Additional Study Team Members - No
Online Access Click Add to list study team
members who WILL NOT have online access to
the application and will NOT be listed on the
certificate of approval.

Last
Name

First
Name

Institution /
Department

Rank / Job
Title

Email
Address

1.6.1. All undergraduate and graduate
students and medical residents are expected to
complete the TCPS Tutorial before submission.
It is strongly recommended that the Principal
Investigator and all Co-Investigators are
familiar with the TCPS. Indicate completion of
the TCPS tutorial below: All
Undergraduate/Graduate Students:

Yes 
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1.6.2. All Medical Residents: N/A (no medical residents participating in this study) 

Comments:

1.7. Project Title Enter the title of this research
study as it will appear on the certificate. If
applicable, include the protocol number in
brackets at the end of the title.

Temporal Annotation Viewing

1.8. Project Nickname Enter a nickname for
this study. What would you like this study to
be known as to the Principal Investigator and
study team?

Moving Hyperlinks - Temporal Annotation Viewing 

NOTE, if this application was converted to RISe
from our previous database, ORSIL, here is the
previous ORSIL application number for your
information.

2 Study Dates and Funding Information - Human Ethics Application [View Form]

2.1. A. Start date: August 1, 2010 

2.1. B. End date: August 31, 2012 

2.2. Types of Funds Please select the
applicable box(es) below to indicate the
type(s) of funding you are receiving to conduct
this research. You must then complete section
2.3 and/or section 2.4 to enter the name of the
source of the funds to be listed on the
certificate of approval.

Grant 

If you selected Other, specify the type of
funding below.

2.3. Research Funding Application/Award
Associated with the Study Submitted to the
UBC Office of Research Services Please click
Add to identify the research funding
application/award associated with this study.
Selecting Add will list the sources of all
research funding applications that have been
submitted by the PI (and the person
completing this application if different from the
PI). If the research funding application/award
associated with this study is not listed below,
please enter those details in question 2.4.

UBC
Number

Title Sponsor

F09-03200

Diving experiences:
wayfinding and sharing
experiences with large,
semantically tagged video

Bell University
Laboratories

05-3714

Using a parallel
distributed camera array
for on-demand
user-selected video

Bell University
Laboratories

F09-03200

Diving experiences:
wayfinding and sharing
experiences with large,
semantically tagged video

Natural Sciences and
Engineering Research
Council of Canada
(NSERC)

F08-04994
Future Digital Lifestyle
Research

Natural Sciences and
Engineering Research
Council of Canada
(NSERC)

05-3714

Using a parallel
distributed camera array
for on-demand
user-selected video

Natural Sciences and
Engineering Research
Council of Canada
(NSERC)

05-2780

MyView: Using a Parallel
Distributed Camera Array
for On-Demand
User-Selected Video

Bell Canada

2.3.1. Is this a DHHS grant?

No Title https://rise.ubc.ca/rise/CustomLayouts/PrintSmartForms?Proj...
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2.3.2. If yes, please select the appropriate
DHHS funding agency from the selection box,
and attach the grant application.

DHHS Sponsor List:

Attach DHHS Grant Application for each
sponsor listed above

2.4. Research Funding Application/Award
Associated with the Study not listed in question
2.3. Please click Add to enter the details for the
research funding application/award associated
with this study that is not listed in question
2.3.

UBC Number Title Sponsor

2.4.1. Is this a DHHS grant?

2.4.2. If yes, please select the appropriate
DHHS funding agency from the selection box,
and attach the grant application.

DHHS Sponsor List:

Attach DHHS Grant Application for each
sponsor listed above

2.5. Conflict of Interest Do any of the following
statements apply to the Principal Investigator,
Co-Investigators and/or their
partners/immediate family members? Receive
personal benefits in connection with this study
over and above the direct cost of conducting
this study. For example, being paid by the
funder for consulting. (Reminder; receiving a
finders fee for each subject enrolled is not
allowed). Have a non-financial relationship with
the sponsor (such as unpaid consultant,
advisor, board member or other non-financial
interest). Have direct financial involvement
with the sponsor (source of funds) via
ownership of stock, stock options, or
membership on a Board. Hold patent rights or
intellectual property rights linked in any way to
this study or its sponsor (source of funds).

no

4. Study Review Type - Human Ethics Application [View Form]

4.1. UBC Research Ethics Board Indicate which
UBC Research Ethics Board you are applying to
and the type of study you are applying for:

UBC Behavioural Research Ethics Board - Behavioural 

4.2. Institutions and Sites for Study A. Enter
the locations for the institutions and sites
where the research will be carried out under
this Research Ethics Board approval (including
specimens processed by pathology, special
radiological procedures, specimens obtained in
the operating room, or tissue requested from
pathology). Click Add and enter the
appropriate letter to see the locations for the
institutions and sites where the research will
be carried out under this Research Ethics Board
approval: B for BC Cancer Agency C for
Children's and Women's Health Centre of BC P
for Providence Health Care U for UBC Campus
V for Vancouver Coastal Health (VCHRI/VCHA).
If you are NOT using any of these sites select
N/A from the list.

Institution Site
UBC Vancouver (excludes UBC Hospital)

No Title https://rise.ubc.ca/rise/CustomLayouts/PrintSmartForms?Proj...
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B. Please enter any other locations where the
research will be conducted under this Research
Ethics Approval (e.g. private physician's office,
community centre, school, classroom, subject's
home, in the field - provide details).

4.3. A. If this proposal is closely linked to any
other proposal previously/simultaneously
submitted, enter the Research Ethics Board
number of that proposal.

H09-00066

B. If applicable, please describe the
relationship between this proposal and the
previously/simultaneously submitted proposal
listed above.

It is nearly identical except for a change in interface
elements that the study is investigating. Also, a different
student is running the experiment. 

C. Have you received any information or are
you aware of any rejection of this study by any
Research Ethics Board? If yes, please provide
known details and attach any available
relevant documentation in question 9.8.

4.4. If this research proposal has received any
independent scientific/methodological peer
review, please include the names of
committees or individuals involved in the
review. State whether the peer review process
is ongoing or completed. A. External peer
review details:

NSERC reviewed 

B. Internal (UBC or hospital) peer review
details:

none

C. If this research proposal has NOT received
any independent scientific/methodological peer
review, explain why no review has taken place.

it has been reviewed 

4.5. After reviewing the minimal risk criteria on
the right, does your application fall under
minimal risk (and therefore is eligible to be
considered for Delegated Review, executive
review or review by an Undergraduate
Research Review Committee)?

yes 

4.6.A. Pandemic Research Does this study
involve research concerning H1N1 or any other
urgent public health event such that it requires
urgent review and approval? [if no, move on to
5, if yes, answer 4.6B]

no

4.6.B. Does this pandemic study require review
and approval by multiple Canadian Research
Boards (i.e. more than those covered under
the certificate of approval for this application)
[If no, move on to 5, if yes, answer 4.6.C]

4.6.C. Are you the Lead Investigator for this
pandemic study? (i.e. the pandemic study
involves numerous co-investigators from
various sites external to UBC and you have
been selected as the lead investigator for the
entire project) [If YES, move on to 5, if NO
move on to 4.7]

4.7. Pandemic Research Lead PI REB Please
review the guidance note on the right and then
answer the following question: If the study has

No Title https://rise.ubc.ca/rise/CustomLayouts/PrintSmartForms?Proj...
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NOT been approved by the Lead PI's REB,
UBC's REBs will not proceed to review the
study independently. They will be participating
in the Lead REB approval process and
accordingly, your application is premature.
Please discontinue this application and submit
a new application as soon as the study
approval by the Lead PI REB has been
obtained. If the study HAS been approved by
the Lead PI's REB, UBC's REBs will make every
effort to review your study as quickly as
possible. In order to ensure that the required
documentation is incorporated into the RISe
system, you will be directed to respond to
Question 9. For more information please see
the accompanying guidance note. Has this
study been reviewed and approved by the Lead
Principal Investigator's REB?

4A. Study Review Type - Undergraduate Behavioural Research [View Form]

4. A1. Has this study been approved by
another Canadian Research Ethics Board?

no

If Yes, provide the name of the Research Ethics
Board (REB) and the REB contact information
below and proceed to the next page. Attach all
relevant documentation in Section 9 of the
form, including all documents submitted to the
other Canadian REB. The application and
correspondence between the researcher and
the REB must be attached in Question 9.8. If
No complete question 4. A2.

4. A2. Does this study involve individual,
honours thesis or course based research by
UNDERGRADUATE students that is being
conducted as part of an undergraduate course
offered by The University, that is NOT PART OF
A FACULTY MEMBER'S research program

no

If Yes, please select the applicable
Undergraduate Student Research Review
Committee from the list of established
committees below. NOTE: There are currently
no committees established, so please select No
Research Committees Available:

5. Summary of Study and Recruitment - Human Ethics Application [View Form]

5.1.A Provide a short summary of the project
written in lay language suitable for
non-scientific REB members. DO NOT exceed
100 words and do not cut and paste directly
from the study protocol.

5.1.B Summarize the research proposal:

Video is a complex temporal information space that requires
advanced navigational aids for browsing. A lot of work has
been done to explore how textual search (e.g. keywords)
can support finding information in a video. However, only
little work has focused on solving the problem visually. Work
in the field of visual video navigation has either enhanced
existing user interface elements or invented new user
interface concepts. For this experiment, we focus on the
existing user interface element video timeline by reason that
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users are already familiar with this video player component.
Existing literature on enhanced video timelines has mostly
focused on using colour as a means to provide navigational
cues. However, colour provides only little semantic
information on the underlying video content. Other work has
concentrated on the use of icons as a more intuitive means
of representing the semantic information of the underlying
video content. However, icons need more space when placed
on a video timeline and when the number of navigational
cues on the timeline increases the information of icons may
no longer be accessible for the user. The problem of limited
screen real-estate becomes even more significant due to an
emerging trend for consuming video on mobile platforms
with small screens.

In this experiment, we evaluate our solution for the conflict
between displaying enhanced semantic information with
icons and the limited screen real-estate. Subjects will be
required to perform simple tasks of finding a specific video
scene and pointing on a video timeline.

For study purposes, we will use video material from an ice
hockey game as broadcasted regularly on TV. The video
material will not be considered as disturbing, upsetting,
shocking or unpleasant by subjects.

We compare the existing user interface concept with colours
to our novel interface concept that displays and scales icons
according to the available screen real-estate. An application
will be developed to provide a video player with a visually
enhanced timeline to record video scene retrieval speed. A
new model for displaying icons as visual cues in enhanced
timelines will be developed to extend previous research on
visual video navigation.

We are developing the software and user interface ourselves
in order to explore these principles and determine under
which circumstances our user interface is most beneficial or
most preferred. 

5.2. Inclusion Criteria. Describe the subjects
being selected for this study, and list the
criteria for their inclusion. For research
involving human pluripotent stem cells, provide
a detailed description of the stem cells being
used in the research.

Subjects will be adult males or females aged 19 years or
older and must have good vision (corrective lenses are
acceptable) and the motor skills necessary to operate a
touchscreen to acquire targets on a mobile device. 

5.3. Exclusion Criteria. Describe which subjects
will be excluded from participation, and list the
criteria for their exclusion.

The visually impaired or subjects deficient in motor skills.

5.4. Provide a detailed description of the
method of recruitment. For example, describe
who will contact prospective subjects and by
what means this will be done. Ensure that any
letters of initial contact or other recruitment
materials are attached to this submission on
Page 9.

The contact information will be collected by the
co-investigator and bachelor student Stefanie Mueller, who
will also make the initial contact with the subjects.
Participants will be contacted by email to inquire about
possible participation.
We are going to recruit people from the lab as well as
people from the street. 

5.5. Describe how prospective normal/control
subjects will be identified, contacted, and
recruited, if the method differs from the above.
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5.6 If existing records (e.g. health records,
clinical lists or other records/databases) will be
used to IDENTIFY potential subjects, please
describe how permission to access this
information, and to collect and use this
information will be obtained.

5.7. Summary of Procedures

Subjects will be asked to do several tasks involving the
acquisition of targets on a mobile device screen using
alternate display modes, a colour mode and an icon mode.
We will measure how well they perform on these tasks
(speed and accuracy) and determine their personal
preferences.

6. Subject Information and Consent Process - Human Ethics Application [View Form]

6.1. How much time will a subject be asked to
dedicate to the project beyond that needed for
normal care?

1 hour 

6.2. If applicable, how much time will a
normal/control volunteer be asked to dedicate
to the project?

6.3. Describe what is known about the risks
(harms) of the proposed research.

None. The task is similar to a person working on a mobile
device.

6.4. Describe any potential benefits to the
subject that could arise from his or her
participation in the proposed research.

Testing hand-eye coordination and determining strategies
for efficient target acquisition. 

6.5. Describe any reimbursement for expenses
(e.g. meals, parking, medications) or
payments/gifts-in-kind (e.g. honoraria, gifts,
prizes, credits) to be offered to the subjects.
Provide full details of the amounts, payment
schedules, and value of gifts-in-kind.

At the end of the experiment, subjects receive a $10
compensation for their time, whichever they completed or
not the requested tasks.

6.6. Specify who will explain the consent form
and invite the subject to participate. Include
details of where the consent will be obtained,
and under what circumstances.

Student researcher when subject contacts him/her to be a
subject. The consent form will be available when subject
arrives at the experiment room. The experiment and the
form will be explained to them and the interactive video
player used for the testing will be shown to them.  

6.6.A. If you are asking for a waiver or an
alteration of the requirement for subject
informed consent please justify the waiver or
alteration and confirm that the study meets the
criteria on the right.

6.7. How long after receiving the consent form
will the subject have to decide whether or not
to participate? If this will be less than
twenty-four hours, provide an explanation.

Subjects will receive the consent form via email at least 24
hours before the actual experiment.

6.8. Will every subject be competent to give
fully informed consent on his/her own behalf?
Please click Select to complete the question
and view further details.

Will
subject be
competent
to give
fully
informed
consent?

Details of the
nature of the
incompetence

If not,
who
will
consent
on
his/her
behalf?

If not, will
he/she be
able to give
assent to
participate?

If Yes,
explain
how
assent
will be
sought.

Yes [Details]

6.9. Describe any situation in which the
renewal of consent for this research might be
appropriate, and how this would take place.
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6.10. What provisions are planned for subjects,
or those consenting on a subject's behalf, to
have special assistance, if needed, during the
consent process (e.g. consent forms in Braille,
or in languages other than English).

6.11. Describe any restrictions regarding the
disclosure of information to research subjects
(during or at the end of the study) that the
sponsor has placed on investigators, including
those related to the publication of results.

7. Number of Subjects - Human Ethics Application for Behavioural Study [View Form]

7.1. Indicate external approvals below: A.
Other Institutions:

no

B. Please select Add to enter the name of the
institution and if you have already received
approval attach the approval letter.

Name of Institution

C. Other Jurisdiction or Country: no

D. Please select Add to enter the name of the
jurisdiction or country and if you have already
received approval attach the approval letter.

Name of Jurisdiction or Country

E. Has a Request for Ethics Approval been
submitted to the institution or responsible
authority in the other jurisdiction or country?
(Send a copy to the Research Ethics Office
when approval is obtained).

no

F. If a Request for Approval has not been
submitted, provide the reasons below:

G. Does this research involve aboriginal
communities or organizations; or aboriginals as
an identified subject category?

If YES, ensure that you are familiar with the
guidance documents linked on the right. Also
attach a copy of the research agreement with
the community (if available) in Question 9.8.
Please describe the community consent
process. If no community consent is being
sought, please justify.

7.2. A. How many subjects (including controls)
will be enrolled in the entire study? (i.e. the
entire study, world-wide)

20

B. How many subjects (including controls) will
be enrolled at institutions covered by this
Research Ethics Approval? (i.e. only at the
institutions covered by this approval)

Of these, how many are controls?

7.3. Are any of the following procedures or
methods involved in this study? Check all that
apply.

None of these Methods 

7.4. Who will actually conduct the study and
what are their qualifications to conduct this
kind of research? (e.g., describe relevant
training, experience, degrees, and/or courses).

Stefanie Mueller, Bachelor Student will conduct the study.
Stefanie has taken relevant courses in Interface Design,
Human Computer Interface and Interface Laboratory in the
Hochschule Harz, University of Applied Sciences (Germany).
She completed the TCPS on June 19 2010. Stefanie will also
benefit from the expertise of primary advisor Dr. Sidney Fels
for conducting this HCI experiment.
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8. Confidentiality - Human Ethics Application for Behavioural Study [View Form]

8.1. Security of Data during the course of the
study How will data be stored? (e.g.
computerized files, hard copy, videotape, audio
recordings, PDA, other) How will security of the
data be maintained? (For example, study
documents must be kept in a secure locked
location and computer files should be password
protected and encrypted, data should not be
stored or downloaded onto an unsecured
computer or portable lap-top, backup files
should be stored appropriately). If any data or
images are to be kept onthe Web, what
precautions have taken to prevent it being
copied?

Any information resulting from this research study will be
kept confidential. All documents will be identified only by a
code number and kept in a locked filing cabinet in the
principal investigators research office. All backup computer
files will be kept in a locked filling cabinet, and any data files
that reside on the data analysis computer in the Human
Communication Technologies Laboratories (HCT) (room 509,
ICIS, UBC), will be number coded.  

8.2. Access to Data Who will have access to
the data? (For example, co-investigators or
students). How will all of those who have
access to the data be made aware of his or her
responsibilities concerning privacy and
confidentiality issues?

Only Dr. Fels and the study co-investigators will have
password access to the data. Subjects will have access to
published results of the research.
Those with access will be briefed verbally and/or by
electronic memo by one or more co-investigator(s) on
privacy and confidentiality issues with data.

8.3. Protection of Personal Information
Describe how the identity of research subjects
will be protected both during and after the
research study, including how subjects will be
identified on data collection forms

Participant names will not be used in written research.
Subjects will be identified with code numbers.

8.4. Transfer of Data Will any data that identify
individuals be transfered (available) to persons
or agencies outside of the University?

no

If YES, describe in detail what identifiable
information is released, to whom, how the data
will be transferred, how and where it will be
stored and what safeguards will be used to
protect the identity of subjects and the privacy
of their data. Attach the data transfer
agreement if applicable.

8.5. Retention and Destruction of data UBC
policy requires that data be kept for at least 5
years within a UBC facility. If you intend to
destroy the data at the end of the storage
period describe how this will be done to ensure
confidentiality (e.g. tapes should be
demagnetized, paper copies shredded). UBC
has no explicit requirement for shredding of
data at the end of this period; however,
destruction of the data is the best way of
ensuring that confidentiality will not be
breached. Please note that the responsibility
for the security of the data rests with the
Principal Investigator.

Data will be stored by Fels in a locked cabinet within a
private office for at least the required 5 years. Data will be
shredded or erased if it is no longer to be kept after that
time.

8.6. Future use of data Are there any plans for
future use of either data or audio/video
recordings? Provide details, including who will
have access and for what purposes, below.

There are no future plans at this time.
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8.7. Feedback to subjects Are there any plans
for feedback on the findings or results of the
research to the subject? Provide details below.

publications will be available publicly in conference and
journal proceedings as well as available for download on the
internet

9. Documentation - Human Ethics Application [View Form]

9.1.A. Protocol Examples of types of protocols
are listed on the right. Click Add to enter the
required information and attach the
documents.

Name Version Date Password (if applicable)

9.1.B. Health Canada regulatory approval
(receipt will be acknowledged)

Name Version Date Password (if applicable)

9.1.C. FDA IND or IDE letters (receipt will be
acknowledged)

Name Version Date Password (if applicable)

9.2. Consent Forms Examples of types of
consent forms are listed on the right. Click Add
to enter the required information and attach
the forms.

Name VersionDate
Password (if
applicable)

Consent Form
TAV

July 21,
2010

[View]

9.3. Assent Forms Examples of types of assent
forms are listed on the right. Click Add to enter
the required information and attach the forms.

Name Version Date Password (if applicable)

9.4. Investigator Brochures/Product
Monographs (Clinical applications only) Please
click Add to enter the required information and
attach the documents.

Name Version Date Password (if applicable)

9.5. Advertisement to recruit subjects
Examples are listed on the right. Click Add to
enter the required information and attach the
documents.

Name Version Date Password (if applicable)

9.6. Questionnaire, questionnaire cover letter,
tests, interview scripts, etc. Please click Add to
enter the required information and attach the
documents.

Name Version Date Password (if applicable)

9.7. Letter of initial contact Please click Add to
enter the required information and attach the
forms.

Name Version Date Password (if applicable)

9.8. A. Other documents: Examples of other
types of documents are listed on the right.
Click Add to enter the required information and
attach the documents.

Name Version Date Password (if applicable)

B. If a Web site is part of this study, enter the
URL below. Since URL's may change over time
or become non-existent, you must also attach
a copy of the documentation contained on the
web site to one of the sections above or
provide an explanation.

10. Fee for Service - Human Ethics Application for Behavioural Study [View Form]

Mechanism for Submitting Fee. Please indicate
which of the following method of payment will
be used for this application:

Contact information regarding where to send
the invoice.

12. Save Application - Human Ethics Application [View Form]

Print Close
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User stUdy
CALL FOR SPONTANEOUS PARTICIPATION

Temporal 
Annotation 
Viewing

An online schedule is used to organize the user study. Participants are invited to subscribe to the sche-
dule and afterwards are contacted by the experimenter for further information.

This user study invitation card is given to participants after 
the experimenter asked them for their participation. The 
experimenter enters the date of participation in the empty 
field and hands it over to the participant as a reminder. 
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MyView

User stUdy

AUgUst 19 - 20
(thUrsdAy - FridAy)

pleAse do not distUrb.

This paper sheet is used on the door of the user study room to inform by-passing people about the on-
going user study and to help participants to find the location of the user study.
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User Interface

This paper sheet is used during the user study for the colour stripe participant group to explain the 
user interface. After the particpant confirmed that he understands the user interface, the experimen-
ter starts the training session on the device. 
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XXXIV

User Interface

This paper sheet is used during the user study for the icon participant group to explain the user inter-
face. After the particpant confirmed that he understands the user interface, the experimenter starts 
the training session on the device. 
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Legend

Score coach

audience

referee

fight

Score WaS BLocked

ceLeBrating the Score

repLay the Scene

pLayer hitS puck

pLayer runS

Legend

Score coach

audience

referee

fight

Score WaS BLocked

ceLeBrating the Score

repLay the Scene

pLayer hitS puck

pLayer runS

These legends explain the meanings of the different visual cues used during the user study. Le-
gend 1 (top) is used for the colour stripe participant group, whereas legend 2 (bottom) is used for 
the icon participant group.
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User stUdy

QUestionaire

1. How often do you search for scenes:

3. Can you think of other visual cues than colour stripes to represent the content of a 
video scene?

5. Where do you see room for enhancements concerning the use of colour stripes on the 
video timeline?

4. Which advantages do you see in using colour stripes on the video timeline?

in a familar video source (e.g. a favorite tv series, an old family video)•	

in an unfamiliar video source (e.g. a video tutorial, a sportsgame that you missed)•	

very often often occasionally never

very often often occasionally never

2. Please rate:

the colour stripes helped me to see where scenes of interest are located•	

the colour stripes helped me to reason about the content of the underlying video scene•	

1 (I agree strongly) 2 3 4 5 (I don‘t agree at all)

1 (I agree strongly) 2 3 4 5 (I don‘t agree at all)

This questionnaire is used during the user study for the colour stripe participant group after they 
finished the task section. The questionnaire is provided in a printed form to give the participant the 
opportunity to draw sketches of user interface suggestions beside the regular verbal statements.
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User stUdy

QUestionaire

1. How often do you search for scenes:

3. Can you think of other visual cues than icons to represent the content of a video scene?

5. Where do you see room for enhancements concerning the use of icons on the 
video timeline?

4. Which advantages do you see in using icons on the video timeline?

in a familar video source (e.g. a favorite tv series, an old family video)•	

in an unfamiliar video source (e.g. a video tutorial, a sportsgame that you missed)•	

very often often occasionally never

very often often occasionally never

2. Please rate:

the icons helped me to see where scenes of interest are located•	

the icons helped me to reason about the content of the underlying video scene•	

1 (I agree strongly) 2 3 4 5 (I don‘t agree at all)

1 (I agree strongly) 2 3 4 5 (I don‘t agree at all)

This questionnaire is used during the user study for the icon participant group after they finished the 
task section. The questionnaire is provided in a printed form to give the participant the opportunity to 
draw sketches of user interface suggestions beside the regular verbal statements.
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Data collected about the participants: the 
display mode to which they are randomly 
assigned, the gender of the participant, 
the age of the participant and if they 
have used an iPod touch before.

Overview of measured experiment data in the icon group: finding time for all tasks, errors participants 
made, time values over the threshold of 15s, the icon size of each task and the corresponding lambda 
of the Poisson distribution.
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Overview of measured experiment data in the colour group: finding time for all tasks, errors partici-
pants made, time values over the threshold of 15s, the colour stripe size of each task and the corres-
ponding lambda of the Poisson distribution.
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konzeptentwicklung einer benutzeroberFläche zum anSehen zeitbaSierter Videokommentare

Video ist ein komplexer Informationsraum, der erweiterte Navigationshilfen für ef-
fektives Explorieren benötigt. Die ansteigende Zahl zeitbasierter Videokommentare 
eröffnet neue Möglichkeiten für eine Videonavigation, die sich nach den Interessen 
des Benutzers richtet. In der vorliegenden Bachelorarbeit präsentieren wir einen neu-
artigen Video-Player genannt TAV (Temporal Annotation Viewing), der dem Benutzer 
eine visuelle Übersicht über zeitbasierte Videokommentare bereitstellt. Benutzer kön-
nen anhand der Übersicht den allgemeinen Inhalt eines Videos erfassen, interessan-
te Videoszenen lokalisieren und bestimmen, welche Videokommentare während des 
Ansehens angezeigt werden. 

Die Übersicht zeitbasierter Videokommentare in TAV besteht aus einer Zeitleiste mit 
Piktogrammen, welche die Position und den Inhalt der Videokommentare darstellen. 
Während die visuelle Gestaltung von Piktogrammen mehr semantische Informatio-
nen für die Navigation bereitstellt als andere visuelle Repräsentationsformen wie 
Farbstreifen, die abstrakt und nur schwer zu unterscheiden sind, so ist es als Nachteil 
anzusehen, dass Piktogramme mehr Platz auf der Zeitleiste benötigen. Diese Eigen-
schaft wird schnell zum Problem, wenn die Anzahl von zeitbasierten Videokommen-
taren im Video zunimmt und somit auch die Dichte der Piktogramme auf der Zeitleiste 
ansteigt. Zusätzlich spielt auch der zunehmende Trend Videos auf mobilen Endgerä-
ten mit kleinen Bildschirmen wie z.B. Handys anzusehen eine entscheidende Rolle. In 
unserer Arbeit präsentieren wir eine neuartige Lösung genannt SCADE (Scaling with 
Deformation), welche die visuelle Erscheinung von Piktogrammen an den verfügba-
ren Bildschirmplatz anpasst und dabei die semantische Information vermittelt durch 
die visuelle Gestaltung der Piktogramme beibehält.

In unserer Benutzerstudie untersuchen wir den Konflikt zwischen detaillierter seman-
tischer Information und begrenztem Bildschirmplatz. Dabei vergleichen wir die Zeit, 
die ein Benutzer benötigt um eine bestimmte Videoszene zu finden, wenn Piktogram-
me oder Farbstreifen auf der Zeitleiste verwendet werden. Unsere Ergebnisse zeigen, 
dass die visuelle Gestaltung von Piktogrammen dem Benutzer mehr Information be-
reitstellt um auf den Inhalt einer Videoszene zu schlussfolgern und dabei eine ähnliche 
Suchzeit aufweist wie Farbstreifen. Steigt die Dichte der zeitbasierten Videokommen-
tare auf der Zeitleiste jedoch an, so sind Piktogramme auch bei der Verwendung von 
SCADE langsamer als Farbstreifen. Zukünftige Forschung wird die Weiterentwicklung 
von TAV und SCADE umfassen, um die Hinweise der Teilnehmer unserer Benutzerstu-
die zu integrieren. Anschließend werden wir weitere umfassende Benutzerstudien 
durchführen, um die Verbesserungen zu evaluieren.
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