MOBILE HCI 2013 – NAVIGATION AND SELECTION

AUGUST 28th, 2013 – MUNICH, GERMANY

Towards the Design of an Intuitive Multi-View Video
Navigation Interface Based on Spatial Information
Silviu Apostu *
Anas Al-Nuaimi *
Eckehard Steinbach *
silviu.apostu@mytum.de
anas.alnuaimi@tum.de
eckehard.steinbach@tum.de
Michael Fahrmair †
Xiaohang Song †
Andreas Möller *
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depending on their associated metadata. However, the playout is done individually and no use is made of the spatial or
temporal relationships of the videos to provide an interactive
viewing experience with the possibility to switch perspectives
on demand.

ABSTRACT

A Multi-View Video (MVV) is a set of related videos that
capture an interesting scene from different perspectives at
overlapping times. The work at hand is concerned with the
design of innovative user interfaces (UI) for viewing MVVs.
As a first contribution four different MVV UIs are designed.
While different in design, their common aim is to allow a
pleasant viewing and perspective switching experience by
reducing the cognitive effort associated with constructing a
mental map of the scene. This is achieved by incorporating
the spatial relationships of the available views in the UI elements. As a second contribution a quality model is developed
and a methodical evaluation process is designed. This is used
to evaluate and compare the UIs. In a third contribution we
use principal component analysis (PCA) to reveal information about the perceptual quality space which helps validating
our proposed quality model. Based on the findings, a series of
conclusions for best design practices are provided.

Next generation video portals might be capable of connecting the different perspectives of a scene together to provide one augmented video recording with multiple perspectives that are temporally synchronized. Such a video collection
shall henceforth be termed a multi-view video (MVV). For
that purpose, videos have to be (pre-)processed to extract information about their temporal overlap and spatial relationship. Also, meaningful and intuitive user interfaces have to
be developed in order to allow the interaction with the video
content. By additionally integrating contextual information in
these interfaces, it is possible to relieve the user of the cognitive effort of reconstructing a mental map of the scene depicted
in the related videos and thus to provide an increased Quality
of Experience (QoE). The dimensions of QoE and their relationship to the elements of the interface should be determined,
such that user interfaces for multi-view videos could reach an
optimal design and functionality.
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In this paper we investigate the design of an intuitive user
interface for MVV that makes effective use of available information about the spatial relationship of the individual perspectives. We explain the quality model developed for evaluating four interfaces along different dimensions of usability
and satisfaction, followed by a description of the evaluation
methodology and the conducted usability study. The focus
lies on mobile interfaces, since smartphones and tablets have evolved in terms of video recording and display capability
and have therefore been adopted as primary on-the-go tools
for recording and consuming video.

ACM Classification Keywords

H.5.2. Information Interfaces and Presentation (e.g. HCI):
User Interfaces
INTRODUCTION

Given the vast amount of user-generated video content (UGC)
produced nowadays, it is highly probable that events such as
music concerts, weddings, sport competitions, etc., are captured from different angles and from different distances to the
common object of the recordings. Nowadays, video portals
such as YouTube1 display these perspectives as being related,
1

RELATED WORK

YouTube video portal – http://www.youtube.com

A significant body of research has been concerned with developing interfaces for MVV playback by placing video sequences into an augmented virtual environment based on 2D
or 3D models of the real world [5] [2]. Wang et al. introduce the topic of “contextualized videos” in [16] and were the
first to expand upon the topic of the design space available
for the interface with MVV systems. Their work investigated,
similar to our approach, how and to what extent the presentation of multiple videos can offload the difficulty of spatial
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In the following, the general structure of the developed client application, along with the common functions and location information structure used by the user interfaces will be
presented. The particular functionality and design of the four
developed interfaces are afterwards described in more detail.

Scene Object

General Considerations

Figure 1: Relative bearing of perspective x to current perspective

The client application serves the following purposes:
• It allows the prosumers to record video sequences using
the standard recording resources of the mobile device and
uploads them to the server along with the associated metadata.

relationship reconstruction onto the display. Additionally, the
presentation of the spatial context is varied between 2D and
3D models. The study concludes that 2D designs are more
efficient for carrying out tracking tasks. This is an important
design guideline for our implementation, which uses a 2D environment model in one of the interfaces.

• It enables collecting spatial context information from multiple sensors and sources (e.g.GPS sensor, accelerometer,
gyroscope, magnetic compass, Wifi, etc.).
• It allows the prosumer to view a list of processed MVV sets
from the server and to select one for playback.

Some consideration has also been given to the methodology
of evaluating QoE-specific parameters of different interfaces
designed for interacting with MVV systems. The studies involving surveillance scenarios [5] [16] generally require users
to follow an object in the videos using the designed interface.
For the evaluation of the perceived quality of various methods
for generating UGC mashups, Shrestha et al. [14] set up a
within-subject test using the content and the generating method as variables.

• It supports HTTP streaming of the videos, playback control
and switching between the different overlapping videos of
an MVV set while taking into account their temporal offsets and their spatial relationship to provide a meaningful
and enjoyable viewing experience.
The server side of our system has the task of receiving the
related video recordings and the spatial information from the
client application, applying the synchronization algorithm described in Al-Nuaimi et al.’s work [1] which is an extension of
the algorithm presented by Schweiger et al. [13] and storing
all resulting information in a database. The content can then
be accessed remotely via a Representational State Transfer
(REST) interface.

The study of Yamamoto et al. [19] investigates the effect on
the QoE caused by different camera arrangements in an MVV
application. In a very similar scenario, Rodriguez et al. [12]
varied the user interface and the content while simulating different network conditions, thus affecting the responsiveness
of the change of perspective. Objective metrics, related to the
behavior of the subject, as well as subjective QoE metrics,
derived from standard quality aspects, were used in these studies. In order to determine the most important factors affecting QoE, principal component analysis (PCA) was applied
on the experimental data, an analysis approach we have also
used.

The main aspect of this study is the incorporation of spatial
information in the visualization of the MVV set. Two types
of information can be used in this respect: the distance between the perspectives and the bearing of a geographical point
with respect to a reference location. The latter is calculated
as a function of longitudes and latitudes (GPS data is typically obtained in these metrics) using the iterative algorithm
proposed by Vincenty [15]. The standard set of calculations
produces the bearing in degrees East of true North. For UIs
that display perspective information in an egocentric fashion
(i.e. the other perspectives’ directions are calculated with respect to the direction of the currently selected perspective),
it is necessary to determine the relative bearings θx where
x represents another perspective in the MVV set that can be
switched to. Retrieving these relative orientations (shown for
an example in Fig. 1) can be done using simple trigonometric
operations on the calculated bearings. A number of mathematical adjustment operations results in −180◦ ≤ θx ≤ 180◦
for any perspective x. The significance of θx is that it indicates in the most intuitive way if another perspective is to
the left (θx > 0) or to the right (θx < 0) of the perspective from which the current view is observing the object of
interest in the video. The four different interfaces that make
use of this spatial information are described in the following.

In comparison to the aforementioned related work, our approach differentiates itself through two important aspects.
First, it relies on geographical measurements rather than any
pre-computation of environment models to determine the spatial relationships between the MVV perspectives. This is justified, on the one hand, by the broad range of use cases for
the end-to-end MVV system our interfaces will be embedded
in, and, on the other, by the decision to build a lightweight
and flexible system on a mobile device with limited computational power. Secondly, we do not propose a single visualization method, but rather set the groundwork for comparing the
quality of experience for different visualization methods, as
well as understanding the most relevant criteria determining
the QoE. It is to be noted that, throughout the paper, we shall
always distinguish between “subject” (person participating in
a subjective test) and “object” (main attraction in the scene).
“Prosumers” shall denote the video recorders that contribute
their video sequences to the MVV set.
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is positioned in the middle of the bottom side of the screen,
indicating the direction in which the user is viewing the scene. Depending on their relative bearing with respect to this
reference, the other locations are represented by markers placed along the margin of the screen and colored green. They
are also rotated such that the tip of the arrow points in the
direction of the scene’s central object.

It is important to underline that the design space for the interfaces has been intentionally chosen to be broad in order
to understand the influence of different visual and functional
aspects on the QoE. The factors which differentiate the interfaces include the representation of geographical information,
the viewing perspective, and the perspective switching mode.
Swipe Interface

The Swipe interface (henceforth named SWP) makes use of
the established method of browsing through entities of a set
(e.g. pictures in an album) by touching the screen of the device and dragging the finger towards left or right. Upon this
gesture, another MVV perspective is displayed.

Carousel Interface

The fourth UI implementation bears the name “Carousel”
(abbreviated CRS) because it shows the user a list of small
previews of the perspectives in a three-dimensional space.
They are arranged in a pseudo-circular manner similar to a
carousel. The interface, which can be observed in Fig. 2d,
contains, similar to MAP, a drawer in the lower-right side
of the screen that shows the carousel and can be hidden. A
series of rectangles containing frames extracted from the video content are rendered on a translucent surface. The spatial
information is encoded in the way the thumbnails are arranged. More precisely, the thumbnail representing the currently
viewed perspective is placed in the center of the carousel and
the thumbnails previewing the other perspectives are placed
both to its left and to its right. The placement order is dependent on the bearing relative to the location of the video
currently in playback. The thumbnails to the left of the main
one are arranged in ascending order of their bearings, while the ones to the right in descending order. Indication of the
distance between the locations and the scene object is explicitly given in the form of a small semi-transparent rectangle
placed above each thumbnail. The distances are recomputed
with each change of perspective. During video playout Intra
frames (see [18]) from the videos of all other perspectives
are extracted and displayed on their respective preview areas
in the carousel drawer. Accordingly, the update rate depends
on the interval between the key I-frames, the so-called GOP
length (refer to [18]), which in turn influences coding efficiency. Given the computational load associated with extracting frames from a significant number of high-quality video
streams, an update interval of 2s was the minimum that could
achieve a fluid playback experience while keeping the bitrate
low. For reasons of consistency with the MKR and MAP interfaces, the thumbnail previewing the currently played video
is bordered by a red rectangle of several pixels width, while
those of the other perspective have a green colored border. In
order to accomplish a switch, the user touches the surface of
the carousel, drags it in the left or right direction and touches
the thumbnail of the desired perspective. The perspectives are
then rearranged to maintain the egocentric perspective.

The appearance of the SWP is shown in Fig. 2a. In order to
include the spatial context information and ensure an intuitive experience for the user, we have addressed several important issues. First, we create the illusion of a circular pager resembling the map of the multi-perspective event that
was recorded. In other words, the user is able to swipe quasiinfinitely through the perspectives. Another important aspect
that is considered is the association between a video and the
page the user wishes to swipe to. It takes into account the value of the relative bearing between the location of the current
perspective and the other available locations. Upon a swipe to
the left, the perspective with the smallest positive bearing is
displayed. Similarly, a swipe to the right leads to the perspective with the negative bearing of smallest absolute value. This
means that the location information is not explicitly mentioned, but rather embedded in the presentation method. The immediate advantage of this approach is that the playback area
is free of any potentially disturbing superimposed elements.
Map Interface

The Map interface (MAP) proposes the use of a classical, proven method of providing explicit spatial context information: a model of the environment with an overlay of graphical
elements that relate to objects of interest, in our case the location of the recorded object as well as the locations of the
MVV perspectives (prosumers). The former is marked by a
gray cross on the map while the perspective locations are represented by dots. A “drawer” is placed in the bottom right
part of the activity layout in Fig. 2b, which allows the user
to bring up the map when needed. The user can switch between views by simply tapping the dots. The newly switched
perspective’s dot is colored red and all others are set to green
and the drawer is automatically closed to allow for a visually
unobstructed playback.
Marker Interface

QUALITY MODEL

The third interface, abbreviated MKR, places emphasis on
the directional relationships between the locations of the perspectives with respect to the center of the scene. As exemplified in Fig. 2c, markers are placed along the margin of the
screen, their count being equal to the number of videos in the
considered MVV. The user can click on a marker in order to
switch to its associated video. A marker is graphically represented by an arrow and a text specifying the distance from
the location of that perspective to the location of the scene
object. Every time a video starts playing, a central red marker

A major goal of our study is to compare between the different
MVV interfaces in terms of quality and particularly in terms
of QoE. Quality has been defined by the International Telecommunications Union (ITU-T) as the “result of appraisal of
the perceived composition of the service with respect to its
desired composition”[11]. Quality can also be understood as
characterizing the extent of the compromise between the expectations that the user has of the designed user interface and
its characteristics as perceived during its usage.
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Figure 3: Quality model for interaction with MVV UIs

Figure 2: Interfaces for MVV navigation

1. Tracking efficiency
The efficiency of the tracking process can be expressed as:

In a general description of quality in the context of multimodal human-machine interaction, Möller et al. [8] consider
QoE to incorporate all the aspects influencing user perception and satisfaction when using the system, which result in the
acceptability of a service. According to Hassenzahl et al. [6],
this is determined by both ergonomic quality factors, referring to traditional usability parameters as defined in the ISO
9241-11 standard [7] and hedonic quality factors, comprising
dimensions with no obvious relation to the task, such as originality, design etc. According to the aforementioned standard,
“usability is the extent to which a product can be used by
specified users to achieve specified goals with effectiveness,
efficiency and satisfaction in a specified context of use”. Several other models have enlarged this definition with other
dimensions, such as learnability [9] [4].

ηU I =

Nmin
NSW

(1)

where NSW is the number of switches which the user performs in order to follow the movement of the desired object
(person), while Nmin is the minimum number of switches
necessary for accomplishing the same goal. ηU I should
be as close as possible to unity, and this depends on two
aspects. On the one hand, the interface should allow the
user to select the perspective of choice as directly as possible without superfluous operations. On the other, the graphical cues of the interface should clearly convey spatial
information such that the user is not confused about which
perspective to choose.

We have extended and adapted the standardized quality model
in order to allow for a clear differentiation of the interfaces.
Specifically, we expect UI elements that convey spatial information of the perspectives to play an important role in the
perceived QoE. Accordingly, some dimensions of the quality
model measure the degree to which any of the interfaces was
helpful in conveying this information. Moreover, we make sure to incorporate dimensions that can be measured objectively
as well as others that are purely subjective. A high-level overview of this model is shown in Fig. 3. In the following, the
structure of the quality model will be explained and the quality dimensions (parameters) are elaborated upon.

2. Cognitive Processing Delay
According to the Human Information Processing model developed by Wickens and Hollands [17], there is a delay
between the reception of sensorial information and transforming it through a cognitive process, also with the help
of memory, into a response to the visual stimuli. In the case of the system at hand, the response is represented by the
decision to change the perspective, and its speed depends
on how much the interface elements help the orientation
process.
3. Information loading delay
This type of metric refers to the time required by the interface to present the video recording and the spatial context
information. For dynamic UI elements, which change over
time to reflect content change, this parameter is the time interval between the moment the perspective is changed and
the moment when these elements are updated or their state
is sufficiently stable to contribute to the orientation process.
This delay is largely determined by the buffering of the video content or the loading of UI elements as a response to
a change of perspective.

Objective Parameters

An objective parameter can be determined from the behavior
of the user in an doubtless manner, without resorting to the
user’s interpretation. The value of such a metric reflects the
extent to which the interface helps the user achieve a task.
Considering that a meaningful task performed with a MVV
interface is the tracking of a person throughout multiple video
sequences, the most important objective metrics used in this
work are:
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conveying distance and direction information. Even though
the base spatial information is the same, represented by the
geographical coordinates of the recording locations, its presentation could vary significantly, thus determining different
QoE levels. There are two aspects of orientation that could be
influenced:

Subjective Parameters

Evaluating the quality of an interface is generally a subjective process, hence the subjective parameters as assessed by
the users carry the largest weight in the evaluation process.
Subjective parameters can be grouped in three categories:
Usability parameters

1. Distance perception
This parameter describes how good or bad did the UI elements present the distance between the different perspectives or between the perspectives and the object of the scene.

The first category is related to the classical definition of usability. Namely, it refers to how much the UI is able to help
the user carry out the intended task when interacting with a
MVV system. Usability is considered here an ergonomic parameter, not taking into account the “satisfactory”component
of the ISO-standardized quality model [7]. As such, the three
most important parameters in this category are:

2. Direction perception
It indicates how much the interface has helped the user understand from which direction the perspectives are looking
at the scene and how he should position himself in order to
accomplish a certain task.

1. Effectiveness
It describes how accurately and complete the user can follow the object of the video sequence throughout multiple
perspectives, without missing essential information. It is
the perceived equivalent of the tracking efficiency metric.

Considering the functional and aesthetic differences between
the interfaces, we expect MKR and MAP to stand out in terms
of usability and orientation helpfulness. Also, SWP and CRS
should be perceived as the most satisfying to use given interaction simplicity and availability of perspective previews,
respectively.

2. Efficiency
This parameter relates effectiveness to the cognitive effort
required to fulfill an intended task with the UI. An interface
is most efficient when the user accomplishes the interaction goal with minimal intellectual effort. In some ways, this
parameter relates to intuitiveness, which involves an unconscious use of the elements of the interface, hence with
a low active mental effort.

EVALUATION FRAMEWORK

The goal of the evaluation process is, on the one hand, to
determine how the QoE changes for different MVV arrangements. On the other hand, it aims to validate the defined
quality model by determining the relationships between its
dimensions and the overall QoE. In the following, we will limit ourselves to describing the most important aspects of a
within-subjects test which follows the guidelines of this process but which can be easily extended and adapted in case
more factors influencing QoE need to be taken into account.

3. Learnability
In the context of MVV interfaces, learnability represents
the speed and ease with which the users understand the
controls of the interface and grasp the graphical cues linking the spatial information to perspectives. It is affected
by design aspects, simplicity, and the previous experience
that the user has with the elements of the interface.

Test Setup

Emotional and Aesthetic Parameters

The MVV UIs are expected to score differently for different
spatial arrangements of prosumers (perspectives), as these directly determine the placement of the UI elements. We propose two different scenarios. In the first one, henceforth abbreviated as SCN1, the perspectives are roughly collinear and
the recorded object is placed in the middle of the common
axis. Differences in bearing angles in this case are close to
either 0◦ or 180◦ . We expect UI elements conveying distance
information to be particularly helpful and SWP to be somewhat confusing. Also, this scene arrangement might pose problems for MKR, since the markers corresponding to collinear
prosumers would be placed very close on the screen. In the
second arrangement (SCN2), the recorders are placed in the
directions of the cardinal points, so the difference in their bearings with respect to the central location can be either ±90◦ or
180◦ . We expect all the interfaces to achieve a higher QoE in
this scenario, with a plus for MKR since it explicitly conveys
directional information.

The context and situations in which a user interacts with an
MVV system are expected to be very diverse. It is therefore
important to also take parameters into account which refer to
the level of emotion, be it enjoyment or frustration, that the
user experiences during usage. Moreover, the design of the
interface elements is also an aspect influencing QoE, given
that some people are more aesthetically receptive than others
or perceive two designs that fulfill the same task significantly
different. In this category, we can define two parameters:
1. Satisfaction
Satisfaction reveals the comfort of using the visualization
method and the affective response to all of the presented
visual stimuli.
2. Appeal
This parameter is a measure of the user’s emotional response to the graphical presentation of the interface elements,
meaning their shape, color, size etc.

In order not to allow other factors to influence the QoE and
to control the perspective arrangement, we have recorded the
two scenes with the same type of content. The object of the video (a person in our test) shows a series of numbers from 0 to

Orientation Helpfulness Parameters

The main goal of the designed user interfaces is to aid the
user in navigating through multiple perspectives by clearly
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Table 1: Question set for the subjective assessment of quality
parameters

9 on A4 sheets of paper in random order to the different prosumers, as exemplified in Fig. 2b. The original videos were
recorded with four smartphones at a resolution of 1920×1080
pixels and different framerates. After recording, the videos
were shortened to present six number switches and synchronized such that the temporal offsets between them laid in a
range of [0,500] ms. Afterwards, they were transcoded to ensure the playback ability of the mobile device on which the
subjective test was carried out and to meet the 2s thumbnail
refresh rate required by CRS.

Q# Question Text
1 How easy or difficult was the tracking of the subject
in the video?
2 How attractive or unattractive is the design of the elements of the user interface?
3 How helpful or unhelpful was the UI in helping you to
determine the distance between the perspectives and
the subject of the scene?
4 How easy or difficult was it to learn the controls of
the user interface?
5 How pleased or irritated were you when using the interface?
6 How consistent or inconsistent were the functions of
the interface elements with your expectation?
7 How efficient or inefficient was the interface in finishing the given task successfully?
8 How original or ordinary were the interface controls?
9 How helpful or unhelpful was the UI in determining
the directions of the other perspectives?
10 How necessary or unnecessary would previous experience with the interface have been?
11 How good or bad was the experience of using the user
interface?

Task

The test involves solving a given task representing a typical
MVV use case. The task requires the test person to follow the
movements of the person in the scene by switching to the perspective that allows the observation of the number indicated
by him beyond any doubt. The advantage of having a task instead of letting users use the interface at their own will is that
it forces them to use the interface actively, it creates a purpose
for their interaction and it generally reveals more deficiencies
since these have a direct impact on solving the task correctly. The main benefit of this particular task is that it requires
a unique sequence of switches to be successfully completed
since, at any given moment in the video, only one camera can
see the shown number. In the case of SCN1, where some recorders are collinear, we show numbers of smaller and larger
size, which are observable to nearby and distant prosumers,
respectively. It is therefore possible to precisely calculate the
tracking efficiency according to Eq. 1, where the minimum
number of switches for solving the task is 6 for MAP, MKR
and SWP, and 8 or 9 for SWP depending on which perspective is the first to be shown. Ensuring that the playback does
not start with the perspective that sees the number guarantees
that at least 6 switches are required.
After the task was defined, a cognitive walkthrough was carried out in which we completed the task and identified any
inconsistencies in the controls or errors that could impair the
correct solving of the task or have an influence over the quality evaluation.

to easily input their evaluation, an evaluation screen is added
to the client application. It is presented to the user at the end
of the set playback and shows a list of items containing the
text of each question. Upon touching the text of a question,
the user can assign an integer rating ranging from −2 to 2.
The null value is thus associated with a neutral opinion. Q10
is formulated with a negative-positive adjective pair, namely necessary-unnecessary. Since it should be correlated with
Q4, both referring to the learnability aspect, this formulation
allows the detection of subjects that answered without proper
reasoning.

Evaluation Items

Subjects and Testing Protocol

A questionnaire is defined to capture the user’s opinion regarding the items of the quality model. It contains 11 questions
that are formulated around bipolar pairs of adjectives relevant
for the measured variables. The questions are presented in Table 1. Q1 refers to the cognitive effort made by the user which
is expected to be correlated with Q7 (the subjective assessment of efficiency), while Q4 and Q10 measure the learnability parameter. Questions Q2, Q5 and Q8 measure the appeal
of the interaction elements and the emotion of using them.
The sixth question indicates functional consistency, a facet of
usability, while Q3 and Q9 reflect the extent to which the interface is helping the subject orientate himself as he changes
perspective. The final question is an overall assessment of the
QoE experienced during the usage of the interface.

The test was carried out with 21 subjects, out of which 4 were
female and 17 were male. The age span was between 22 and
43 years. The subjects were mostly students, academic staff,
and researchers. No reward was awarded for participating in
the study.
The interaction with the interfaces and their evaluation was
performed on a Samsung Galaxy Tab 10.1v device, with a
screen diagonal of 10.1 inches and screen brightness set to
the highest level. The video content was loaded on the tablet
in order to avoid buffering and thus reducing the influence of
the information loading delay on the QoE. To support an easy
capturing of test-related data, a logging service was used in
the client application which recorded all the changes of perspective performed by the subject along with a timestamp.
This allowed for a clear measurement of the NSW parameter denoting the performed number of switches used in the
calculation of tracking efficiency in Eq. 1.

A semantic differential (SD) scale [10] with five levels is
used, which contains different degrees of the pairs of adjectives from the text of the question. In order for test subjects
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Users were first given a short description of the project and
they were informed that the goal of the test is to determine which interface is perceived best for the given task. Then
images with the four interfaces were presented and the method of using the interface elements for switching between
perspectives was explained. A trial run was not performed
since it would have biased the evaluation of learnability and
tracking efficiency. After the subjects had confirmed to have
clearly understood the controls of the interface, the task of the
test was explained to them. The four UIs were then tested with
each of the two perspective constellations. After performing
each of the 8 tasks in random order, the subjects answered
the shuffled set of questions shown in Table 1. A debriefing
process was performed at the end and subjects could rank the
UIs and elaborate on their usage experience.
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Figure 4: Tracking difficulty Figure 5: Perceived efficiency
browse between the video sequences quickly. MAP and CRS,
although they offer the possibility of direct selection of a perspective like MKR, receive the lowest scores. This is likely
due to the difficulty of determining the correct perspective
switches, which has led to more operations than ideally necessary.

EVALUATION RESULTS

In the following, the results of the post-task questionnaire will
be presented, as well as the objective measurements recorded
during the testing process. Finally, the most important findings from the open-ended discussions with the subjects will
be covered.

The scores for Q4 (Fig. 6) illustrate that all of the interfaces
are considered easy or very easy to understand, with better values for SCN2 than SCN1. The relatively low score obtained
by CRS can be explained by the more complicated method of
control which involves dragging the carousel and observing
the refreshed thumbnail content. The results of the negatively
formulated Q10 reinforce this conclusion.

Subjective Results

The first step of the result processing is to eliminate the outlier
evaluations outside the interquartile range (IQR). Using this
rule, a significant contingent of erroneous measures are removed, the most frequent being the ones at the start of the experiment, when the user evaluation is generally biased. Computing Cronbach’s α coefficient [3] yields values of over 0.73
for the groups of evaluation items, denoting a high degree of
internal consistency of the chosen questionnaire.
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The test results in a 8 × 10 × 21 tensor of subjective scores.
Since the variation of subject-related parameters is not taken
into account in the quality model, an averaging of the measurements over the subject is done after excluding the outliers.
This results in the Φ8×10 matrix that is the basis of our further
analysis.
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Figure 6: Learnability
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Fig. 7 shows the evaluation of how original or ordinary the
interface elements are perceived. SWP is deemed ordinary,
given the fact that the swiping interaction paradigm on mobile devices has become very common. Additionally, the lack of
overlaid elements highly contrasts with the appearance of the
other three UIs. MKR and CRS receive the highest scores, an
expected result since they are indeed the location visualization methods with the highest degree of novelty with respect to
previous work in the field of MVV interfaces. Interestingly,
they also score higher in SCN1 than in SCN2, which could
be explained, at least for the MKR, by the positioning of the
arrows, which looks more uncommon in SCN1. The attractiveness of the elements’ design is scored similarly across the
four interfaces, with a slightly lower score for SWP, as shown
in Fig. 8. This is a result of the design considerations that
influenced the development of the UIs.

The perceived difficulty of the task (Q1) denotes the cognitive
effort that the subjects invested in tracking the position changes in the video. Fig. 4 shows that performing the task is perceived as easy with the MKR and SWP, while tracking with
CRS and MAP requires some effort. Except for MAP, all the
scores are lower for SCN1, confirming one of our hypotheses.
This shows that MAP provides more assistance in the mental orientation process when the positions of the prosumers
are collinear, since the rotations can only be 0◦ or 180◦ . With
SCN2, the cognitive effort is higher due to the fact that, upon
a 90◦ rotation of the video subject, there are two points with
a ±90◦ bearing to the current location. In the SCN2-MAP
configuration, it was observed that some test subjects either
switched perspectives without sufficient logic and some took
more time than usual, leading to a higher perceived task difficulty.

One other important aspect taken into consideration in the implementation process is the consistency between the aspect
of an element and the role which the user expects it to fulfil.
MKR, MAP and SWP achieve good scores since they have
simple functional models and their elements are clearly designed. CRS is rated significantly worse, which has two expla-

Fig. 5 shows the perceived efficiency (Q7) of the interfaces.
It is immediately observable that MKR is regarded as very efficient given the possibility to directly switch to the perspective of choice, while SWP owes its score to the possibility to
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on helpfulness

nations. On the one hand, users were expecting for the carousel thumbnails to show a live preview of the perspectives and
performed incorrect switches because they did not wait for
the content to update. On the other hand, the linear ordering
of the thumbnails proved somewhat unintuitive to the subjects, as noted during the observation of the experiment.

a swipe and a 90◦ rotation of the subject seems very logical.
At the same time, this sort of rotation rather confuses the testers of the MAP UI because the next location can easily be
mistaken for that corresponding to a 90◦ rotation in the other
direction. In SCN1, the ranking reverses. MAP scores better
since the rotations of the subject find clear correspondents on
the map. Contrastingly, swiping to the left or to the right in
this constellation sometimes leads to a 180◦ change of perspective since the bearings between locations have extreme
values. Thus, in line with our hypothesis, SWP seems a bit
illogical in this situation and scores a worse QoE. One very
plausible explanation for the low score of CRS is the increased difficulty of observing the position of the subject in the
thumbnails presenting the perspectives further away from the
center of the scene.

Usage satisfaction (Q5) was evaluated as the extent to which
the users experience pleasure or frustration when interacting
with the MVV UI in order to complete the task. Fig. 9 shows
that MKR is the most pleasing to use interface, followed by
SWP. CRS and MAP share the lowest scores. While CRS requires accommodation and is more complex to operate, MAP
is probably considered less joyful to use due to the effort of
mentally rotating the scene map. All the interfaces are perceived less pleasing in SCN1 than in SCN2, indicating that
an unfortunate placement of perspective locations is more irritating in all contexts of usage. Notably, the correlation coefficient between usage satisfaction and perceived efficiency
is very high (0.97), signalling that a pleasant interaction with
MVV systems needs to be based on an efficient interface in
terms of navigating through videos.

At the end of the test, the subjects were asked to relatively evaluate the interfaces and suggest a ranking. MKR is the
most appreciated and useful tested interface, with 60% of subjects placing it on top of the ranking and another 30% on second place. SWP and MAP are ranked alternatively second
and third, with a slight edge for SWP. CRS is ranked by 85%
of the subjects as either third or fourth.

Fig. 10 shows how helpful the interface is in conveying
the measure of distance between the perspectives. MAP and
MKR are the most helpful in both SCN1 and SCN2 perspective constellations. SWP is rightfully considered unhelpful
since it does not have any overlaid elements. Despite using
a similar indication of distance, CRS obtains a lower score
than MKR since the information is not so easily observable.
The results also prove that generally people obtain a better
sense of distance by using a map-based representation, thus
referring to other elements of the real world. The other facet of orientation helpfulness is direction perception. Here,
MKR proves to be the best UI by a wide margin, especially for SCN1, as illustrated in Fig. 11. This indicates that the
best method to visually represent the direction information
is through arrow-like shapes overlaid on the video content
and placed according to their relative direction with respect
to the current view’s direction. In essence, for the purpose of
tracking the movements of a scene object, an egocentric interface is preferred.
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Figure 12: Overall QoE
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Objective Measurements

An objective measurement of the tracking efficiency is obtained by tracking the perspective switches during the testing
process and applying Eq. 1. The results, plotted in Fig. 13
show that MKR achieves a near-perfect efficiency for SCN2,
yet it performs relatively poor for SCN1. CRS has a good
score in both scenes, which can be attributed to the fact that
having a preview of the perspectives’ point of view allows
the user to track the video subject with an almost minimum
amount of switches. MAP achieves the lowest score for both
scenes, a result explainable if we take into account that MAP,

Fig. 12 shows the results of the overall QoE assessment. Here
MKR takes the top position, not surprisingly given its good
mix of attractive design, easy operation and efficiency in solving the task. MAP and SWP exchange second and third
place depending on the variation of the scene. For SCN2,
SWP is very easy to operate and the correspondence between
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especially in SCN2, requires a high level of spatial orientation ability from the test subjects. All in all, the results are in
line with the perceived efficiency, as resulted from Q7, except
for CRS, which is subjectively evaluated as the least efficient.
This shows that for a more complex interaction with the user
interface, the perception of efficiency gets distorted by the
relative difficulty of operating it. For example, it has been observed during the test that dragging the carousel and concentrating on observing the refresh of different thumbnails influenced the user negatively, even though the tracking of the
video subjects was indeed realized with a small number of
perspective switches.

It can be observed that dimensions relating to the classical
UI usability model mainly load on PC1. Efficiency (Q7) has
the highest score (0.419), followed by usage satisfaction (Q5)
with 0.409 and ease of tracking (Q1). Likewise important here are learnability (Q4 and Q10) and functional consistency
(Q6). It is interesting to note that usage satisfaction is associated with efficiency rather than with the hedonic feeling
obtained from using the interface, as we would have expected. With respect to the second principal component, high loadings on it are achieved by the aesthetic parameters and those which refer to spatial orientation. More specifically, originality (Q8) and design attractiveness (Q2) have top coefficients of 0.495 and 0.487, respectively. The set of parameters
expressing the helpfulness in determining the distance (Q3)
and direction (Q9) between perspectives have PC2 loadings
of 0.482 and 0.364, respectively.

User Comments

After finishing all the tasks, the subjects freely expressed their
opinion on their usage experience. A significant number of
the subjects suggested that the map in the corresponding interface should be rotated along with the perspective change
reinforcing the conclusion that an egocentric frame of reference for UI elements placement is preferred. The subjects also remarked that markers in MKR should have a shape which
indicates more clearly the direction towards the scene center.
Additionally, they deemed swiping as very intuitive and CRS
as useful and interesting, yet too complicated and requiring
too much time to update the content of the thumbnails. The
majority confirmed that most of the switching in CRS is based on browsing through the carousel until the right preview
is observed, not taking into account the spatial context information reflected in the arrangement of the elements.

The results of the PCA show that the quality model can indeed be reduced to two rather separated components. The one
that weighs more is the utilitarian one, expressing to what extent the interface can solve the problem it was designed for in
an efficient manner. The smaller component but with significant influence is centered around design, which should be
pleasant and convey meaningful spatial context information.
In order to test to what extent our simplified model accurately predicts the QoE experienced by the users, we calculate
the mean squared error (MSE) which resulted from projecting the QoE values obtained in the test (Q11) on the plane
determined by the two PCs. The equations
√ yield a value of
M SE = 0.025 and thus a mean error of M SE = 0.158.
This is a good result considering the differences between the
QoE values shown in Fig. 12. This ultimately means that future implementations could be evaluated based on just the two
components previously mentioned.

APPLYING PCA

In order to validate the quality model and to determine its
most important components, a principal component analysis
(PCA) is performed on the test data matrix Φ. The PCA variables are the ones revealed by the questions of the questionnaire except for the overall QoE (Q11). The first two eigenvalues capture 86% of the data variance and hence the perceptual sub-space is found to have two principal components
(PCs). The first component explains 53.6% of the set variance, while the second captures 32.7%. The loadings of the 10
evaluation items on the first two components is represented
graphically in Fig. 14.
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CONCLUSION AND FUTURE WORK

We have set out to explore ways in which spatial context
information can augment a client-side application within a
multi-view video system. Moreover, we aimed to establish a
quality model and use both subjective and objective measurements to evaluate the experience of using such interfaces for
viewing and navigating MVVs.
In the context of an increased ubiquity of mobile devices, the
work at hand has succeeded in proposing four interfaces that
share a common functional foundation. However, their different design and custom features appeal to a wide array of
users. Users appreciated the marker interface (MKR) most.
With this interface, they can easily switch perspective by tapping on arrows placed on the margin of the screen. The position and orientation of the arrows are determined with respect to the currently viewed perspective. This egocentric reference system proved highly relevant in the tested scenario
and should constitute a valuable design guideline for future
UI implementations. Another key conclusion of the results
is that directional and distance information can be combined,
yet the former should be more salient since it has proven more
useful in the spatial orientation process. The swipe interface
(SWP) achieved high QoE scores for the given scenario, its
simplicity and ease of use compensating for inefficiency and
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Visual Display Terminals (VDTs): Part 11: Guidance on
Usability.

information scarcity. Given the low implementation effort of
integrating it in an MVV system, it should be the standard
way of browsing through video sequences, eventually replacing traditional media controls. Some functional aspects of
the interfaces should be revised in follow-up tests in order to
minimize their influence on the quality factors.
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