DEGREE PROJECT IN COMPUTER SCIENCE AND ENGINEERING,
SECOND CYCLE, 30 CREDITS
STOCKHOLM, SWEDEN 2018

Design explorations for more
efficient data filtering interaction
principles in VR for map based
information visualizations
GUSTAV FRIDH

KTH ROYAL INSTITUTE OF TECHNOLOGY
SCHOOL OF ELECTRICAL ENGINEERING AND COMPUTER SCIENCE

Design explorations for more efficient data filtering interaction
principles in VR for map based information visualizations
Gustav Fridh
Royal Institute of Technology
Stockholm, Sweden
gfridh@kth.se

ABSTRACT
When using web interfaces to filter data on map-based visualizations, filtering interfaces tend to acquire space that otherwise could
be used by the visualization. This study examines how to make use
of virtual reality’s strengths to design more efficient data filtering
interaction principles for map-based visualizations. To do this, a
virtual reality application was developed and tested on 19 subjects
performing 9 predetermined tasks. Qualitative data was gathered
through semi-structured interviews and observations along with
quantitative data derived from logging user interactions. These
results were compared to a control study with subjects using an
already existing web based filtering interface. Results indicate that
using some of virtual reality’s strengths such as 3D space, two-hand
interaction and body movement when designing filtering interfaces
can increase efficiency of data filtering interactions on map-based
visualizations. The main advantages of interfaces like these seems
to be that the strengths of virtual reality provides room for efficient
solutions to observe and filter data simultaneously.
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INTRODUCTION

In the 1990s, virtual reality (VR) became known and accessible to
the general public through video arcades. The interest also grew
significantly in the academic field [14]. Since VR did not meet the
publics’ expectations of quality, price and availability, the general
interest for VR slowly faded away. With VR technologies such as
the Oculus Rift 1 and HTC Vive 2 released in 2016, VR has become
more accessible due to reasonable prices and therefore increased
availability. With this, research within the area of HCI in VR has
increased and opened up to more people improving the way we
interact in virtual environments (VE). To make use of VR’s possibilities to visualize and interact with information, one must go beyond
the scope of how information is and can be visualized and interacted
with in mobile and desktop environments. VR has brought a user
interface paradigm that differs from how we have interacted with
computers so far [15]. The virtual space creates new possibilities
within the field of interaction design and information visualization
and research has been moving forward due to the increased interest. Although much work has been done within the field, many
1 https://www.oculus.com/
2 https://www.vive.com/eu/

conventions of interaction design seem old fashioned in everyday
VR applications. Examples of this are 2D menus and keyboards
located in VE. It makes sense to create those designs since it is
the way user interfaces have been constructed for a long time but
it might not always be optimal [2]. Despite this, some user interfaces might benefit from borrowing design elements from previous
eras. According to the established design critic Donald Norman,
the affordance of an object is affected by previous experiences of
the user. Therefore, borrowing well-known and appreciated design
ideas from other technologies might assist users in understanding
how to interact with certain elements. This study will explore how
we can make use of the virtual space to be more efficient when
performing data filtering interactions for map-based information
visualizations. Most websites with data visualized on geographical
maps e.g. hotel-booking sites and housing sites use very similar interaction and filtering methods. Data filtering interactions on these
types of websites are often separated from the visualization. Since
the filtering options require screen space on the website, it occupies
space that could have been used by the visualization which creates
compromises between the two. Since VR brings a third dimension
and thereby offers more space it might be a suitable solver of the
problem. Since the release of the WebVR API3 , VR interfaces for
websites has become increasingly viable. The API gives developers
the ability to create VR experiences in regular browsers which might
have an impact on the demand of VR equipment making VR even
more valid for three dimensional web interfaces. When designing
for the third dimension, two dimensional interfaces otherwise used
in desktop environments is no longer enough. These interfaces tend
to make users lose their sense of space, which will affect their sense
of being present in the VE. To make the most use of space for interactional purposes one should use whats called spatial interfaces also known as diegetic interfaces. These types of interfaces are constructed as 3D objects part of the environment rather than the 2D
interfaces currently used in desktop environments. Since this will
increase the sense of presence it will cause increased immersion,
which is a crucial part of creating an enjoyable VR-experience.
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RESEARCH QUESTION

How can we design more efficient data filtering interaction principles
in VR for map-based information visualizations?
This study will assess how we can make use of VR’s strengths
when designing filtering interactions for map based visualizations
to make them more efficient than they currently are on the web. To
do this, a VR-application was developed using housing data from
3 https://developer.mozilla.org/en-US/docs/Web/API/WebVR_API

Booli Search Technologies AB4 which holds information about the
housing market in Sweden such as price, size, location of most
real estates available to purchase. Booli has their own map based
visualization of their data which will act as a foundation of what
data the VR UI should filter.
In order to answer the research question, the usability of the
tested application is important. Therefore the goal of the study is
to answer three central questions adapted from ISO standard 9241
of measuring usability [1]. The aim is to answer if the filtering
interactions are:
• Efficient - Are the tasks achievable?
• Effective - How much effort is required to perform the tasks?
• Satisfying - What are the perceptions and opinions of the
filtering interactions?
Therefore, the application was designed with these questions in
mind.

2.1

The focus of the VR experience is to make the virtual world be
perceived as real. Some VR technologies such as the HTC Vive supports room-scale VR, which lets the user physically move around
in the real world within an area of a few square meters to perform
corresponding movement in the virtual world. If room-scale VR
is not supported one must remain static on the same location and
use other tools to move across the environment. Locomotion in
VR is one of the biggest issues with the technology. Even if the
physical environment is a few square meters big, the user is limited to that space. Therefore one must use other methods than
physically walking to move further than a few meters in the VE.
Among these are teleportation, moving by joystick or button press
or using treadmill-like hardware. A few guidelines to follow when
developing VR applications is that it should:
•
•
•
•
•

Delimitations

This research will cover the topic of how to design data filtering
methods in VR and will not assess any kind of data visualization
design. Most current map-based visualizations use search bars as a
filtering tool for finding desired objects or locations. Since writing in
VR has not yet reached the efficiency of computers with keyboard
the study will not include any types of entering text. The user
tests were conducted using the HTC Vive but the discoveries are
applicable on any type of VR setup with the use of hand controllers
and a HMD.

2.2

This is essential for VR to be used by the larger public, else interest
will be lost[6].

3.2

Ethical aspects

BACKGROUND

With the research question in focus, this section will cover relevant
terms and research within the area. The background will be used as
basis for design choices made in the developed application. It will also
clarify terms necessary to understand further on.

3.1

Immersion

Immersion is a common term within VR research and is in this case
the perception of being physically present in a virtual world with
the assistance of visual, audio and haptic feedback to actions made
in the virtual world. In an immersive virtual environment, objects
are interactive and appear solid. This will increase the sense of
presence since the environment will be more likely to correspond
to real world experiences. If the feeling of presence is high, users
are more likely to perform realistic behavior [11]. In order to be
immersed in a VE the HMD must provide a field of view (FOV) of
around 60 to 90 degrees at minimum [10]. Since the HMD of HTC
Vive (the headset used in this study) provides 110 degrees FOV this
will not cause any issues. When wearing a HMD, the goal is to
make the user immersed in the VE. Whether a VE is immersive is
highly dependent on the rendering time. If the frame rate of the
HMD’s screens is too low, immersion and sense of presence will
quickly be lost. This might also cause discomfort in form of cyber
sickness.

VR experiences may often be affected by low frame rates and badly
designed VE. This can cause illness and discomfort - also known
as cyber sickness. The symptoms of cyber sickness are similar to
motion sickness. The difference between them is that cyber sickness
can be caused by visual stimulation alone, while motion sickness
require some sort of vestibular simulation. With cyber sickness,
symptoms can linger from hours to days [7]. Therefore, subjects
of this study were at any time free to abort the test. All personal
information gathered is kept strictly confidential and cannot be
connected to presented results in this study.
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Be easy to use.
Accommodate a wide variety of human sizes.
Not cause fatigue.
Not induce nausea.
Not require long periods of adaptation.

3.3

Diegetic interfaces

Diegetic - also known as spatial interfaces, are a common term
within VR design. A typical diegetic interface is a part of the VE as
a 3D object and not an interface present as a 2D object in the HMD.
Research shows that diegetic interfaces tend to make users feel
more immersed than non-diegetic ones [12]. Non-diegetic interfaces
also tend to be hard to put in focus due to their short distance
from the user’s eyes [16] [5]. Most established VR applications out
on the market today make use of diegetic interfaces, and some
even make use of on-body diegetic interfaces. This means that
the interface constantly follows the user’s movements and can
be placed on any on-body elements, typically the controllers. An
example of this is Google’s drawing, and sculpturing application Tilt

Virtual Reality

The term Virtual Reality (VR) is used in many contexts. It is used
when discussing the hardware, applications, the industry etc. It is
therefore often not solely perceived as a technology, but a communication system [1]. Others say that VR typically is portrayed
as a medium and that it is defined by the collection of its technological hardware, which often consists of head-mounted displays
(HMD), computers, headphones and motion-sensing controllers [2].
4 https://www.booli.se/
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Brush 5 . These types of on-body interfaces are useful when needing
informational interaction at any time and are preferably placed on
the hands/controllers to avoid irritation [5]. When designing menus
in VR, a common design option is to use linear diegetic interfaces.
The selective options are in such interfaces placed either next-to
or above each other. It has been shown that these types of menu
designs are not optimal. A better choice would be radial diegetic
interfaces[13]. The selective menu options are in these cases often
structured hierarchically and placed in a circular pattern displaying
the sub options when their parent option is hovered (See Figure 1).

drilling down, manipulating visibility, querying, focusing and lensing [3]. These are some of the possible advantages of making a
map interactive versus a static map. To fulfill these tasks, suitable
filtering methods are crucial. Depending on the technology used
for the map interaction the filtering interaction might differ, yet the
filtering methods usually stay the same. Visualizing geographical
information in immersed environments such as in a VE often make
use of flying through interaction which places the user in a certain
geographical spot with a 3D view of its surroundings. This is used
by e.g. Google in their VR service Google Earth 6 as well as an
option in their web interface Google Maps 7 . Although a 3D view is
great for contextualizing local information, the loss of perspective
affects the overview of information needed for comparison and
finding trends. Since Google has support for both oblique (groundlevel) views and over views it has the potential to visualize most
geographical data. Apart from the flying through mechanism, zooming and panning are two other known methods of contextualizing
data on an interactive map. These three methods are often used in
tandem for increased experience. Since not all data available can be
visualized at once due to too much information, many interactive
maps make use of what is called semantic zoom, which in this case
is a way of visualizing data at certain zoom/magnification levels.
While magnifying a certain area on the map by zooming, more detailed information of the area is either directly visualized or given
as an option to visualize [9]. An example of this is street names and
municipalities appearing when zoomed in to different levels.

4
Figure 1: A hierarchical radial menu where option 2 is hovered and therefore showing its sub-options

4.1
3.4

Environment

The users were in all user studies asked to filter map-based real
estate data in the area of Stockholm. The objective was to interact
with the map and filtering options to complete given tasks. To
complete the tasks they had 9 different variables derived from
the booli API (introduced in section 2 and visualized in Figure 8)
to manipulate using following filtering functions: multiple choice,
binary choice, setting intervals and zooming. All studies used the
same variables and filtering functions, although the interaction
methods differed.
As seen in Figure 3, the map visualization was in 2D and placed
in 3D space in front of the user. The reason for this was to create a
map based visualization similar to map based filtering applications
on the web in order for the results of the filtering interactions to
not be affected by the visualization. Since the study aims towards
creating efficient filtering principles, the map visualization should
not affect the results of the study in either way.
Figure 3 is a magnification of the user’s view in Figure 2 where
the red dots symbolize all real estates for sale in Stockholm at the
time the user tests were performed. Only real estates with data
matching the queried data from filtration are visible. In this case,
no filtration was made.

Affordance

Affordance is a term created by the psychologist J.J Gibson [4] and is
a fundamental concept within Human-Computer Interaction (HCI).
Since the term got its foothold in research, there have been a few
disputes on how to define it. J.J Gibson is known for creating the
concept whilst design critic Donald Norman brought the term to the
HCI community where his definition became predominant within
the area. Donald means that an object’s affordance is determined
by the user’s physical capability, goals and past experiences [8].
An object’s affordance should be clear just by looking at it. e.g. a
button affords clicking, a slider affords sliding left and right. When
designing an interface on any platform one strives for affordance
in all interactions. The interaction should be easily understood in
order for the user to not get frustrated. This brings problems when
designing for new technologies; therefore one must either create
new design paradigms or borrow ideas from already established
designs from current ones.

3.5

METHOD

In order to answer the research question, three user studies were conducted. This section will explain how the tests were constructed, executed and analyzed.

Map interaction and filtering

Maps for geographic visualization are almost always interactive
and data exploration may be supported by interaction through:

6 https://store.steampowered.com/app/348250/Google_Earth_VR/
7 https://www.google.com/maps

5 https://www.tiltbrush.com/
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a test plan was constructed to form a structure in order to make
all tests be conducted as similar as possible. A pilot study was
conducted to make sure the plan was free from major flaws.
Before performing the tasks, all subjects of the concept- and
design study were asked to sign a consent form and fill in a questionnaire about previous experiences in VR. The subjects were then
given an introduction on the functionalities of the application by
explaining the controllers along with a short walk-through of the
application to get them familiar with the UI. All subjects were then
given the following tasks:
(1) Locate your current home.
(2) Show only price-reduced real estates.
(3) Show all real estates with a price between 3 and 5 million
SEK.
(4) Show all real estates with a rent 4000 SEK or lower
(5) Show only apartments and villas.
(6) Name the price of the latest built real estate en old town.
(7) Name the street with the biggest apartment.
(8) Name the house type of the most expensive real estate in
central Uppsala.
(9) Name the amount of terrace houses at Lidingö.

Figure 2: An image of the environment setup containing
HMD, controllers and a monitor showing the user’s view in
VR.

The first five tasks were carefully selected to be able to asses the
efficiency of all filtering interactions separately. The interactions
consisted of zooming, toggling binary data, defining interval with
upper and lower limits, defining interval with solely upper limit
and multiple choice toggling. These tasks will later be referred
to as straightforward tasks since they only required one filtering
interaction each.
Tasks 6-9 were formed to be able to asses the efficiency of performing tasks requiring multiple filtering interactions to complete.
These tasks will later be referred to as complex tasks.
After the tasks were completed, subjects of the concept- and
design study were asked to fill in the "Presence questionnaire"
by Witmer & Singer [17] to ensure that the experience could be
classified as a VR experience.

4.3
Figure 3: A magnification of the user’s view, showing the
map visualization of both VR iterations.

4.2

Recruitment

The requirement for participation in the user studies was previous
experience in filtering map-based data on the web. No previous
experience of VR was required but was taken in consideration in a
pre-test questionnaire also logging the background variables age
and gender. All users were recruited through either social media
such as Facebook and Slack, or through word of mouth.

Study design

Three studies were performed, these studies will be referred to as
Concept study, Design study and Control study.
In the concept study, participants were given tasks to complete
while using the first iteration of the VR application constructed
with design choices based on previous research.
In the design study, subjects were given the same tasks in the
refined version of the application with new design elements based
on results gathered from the concept study.
In the control study, participants performed the same tasks as
previous groups on the housing site Booli.se (mentioned in section
2) in order to gather results to compare to. Prior to the user tests,

4.4

Data

The aim of the user tests was to gather both qualitative and quantitative data in order to ensure the research question was answered
thoroughly. Each user study in VR consisted of four data gathering
sessions:
•
•
•
•
4

Pre-test questionnaire
Tasks
Presence questionnaire
Semi-structured interview

Quantitative data was gathered by logging a few parameters when
the tasks were performed. During the concept study the parameters
logged were:
• Time to complete the task
• Number of times zoomed in
• Number of times zoomed out
• Number of times the filter was reset
Since the interaction methods of the web- and VR interface
differed, it would be difficult to compare other measurements than
time. Therefore, time to complete tasks was the only quantitative
data gathered from the control study.
The quantitative data gathered in concept and design study was
used to explore if the design study provided more efficient results
than previous iteration.

4.5

4.5.3 Zooming. Pointing your head towards the requested area
of the map while walking forward performed the zooming of the
map. When the distance between the HMD and the map had decreased 15 cm the map zoomed in slightly and made the observed
area 16 times smaller than before. If the distance between the HMD
and the map increased by 15 cm, the map zoomed out making the
observed area 16 times larger than before. The distance of 15 cm
was decreased from 30 cm after testing it in the pilot study.
Note that the zooming interactions did not affect the size of the
map object, only the texture of the map. The zooming corresponded
to two zoom levels using Google maps API. This was a design choice
made to utilize the depth dimension of room scale VR and make it
intuitive, since a common behavior to observe something closely is
to move closer.

Concept study

Common for all following filtering designs is that they are on-body
diegetic interfaces for the interactions to be applicable on map
visualizations requiring locomotion.
4.5.1 Menu. Since radial menus tend to perform better than linear menus in VE (as seen in 3.3), an on-body hierarchic radial menu
was created in order to invoke requested filtering methods. The
housing data was divided into following options and sub-options
in the menu:
• Price
– listing price (interval)
– rent (interval)
– m 2 -price (interval)
– price-reduced (binary)
• Area
– number of rooms (interval)
– living area (interval)
– plot area (interval)
• House Types
– House types (multiple-choice)
• Time
– Construction year (interval)
The menu was constantly at the position of the right controller
and was locked in place in the VE by the click of a button. To invoke
a filter, similar to the illustration in Figure 1 one had to hover the
controller on requested option and click a requested sub-option.

Figure 4: Illustration of how the multiple-choice interaction
works in both iterations of the VR-application. In this case,
everything but villas will be hidden on the map.

4.5.4 Setting intervals. The setting interval interaction was invoked using the radial menu. When invoked, the interval appeared
about 1 meter in front of the HMD and was constantly positioned
at the height of the center point between the two controllers. As
demonstrated in Figure 6, the upper and lower limit of the interval
was based on the position of the right and left controllers along
the x-axis (sideways) e.g. if the right controller was moved to the
right, the upper limit of the interval would move to the right and
the limit would increase. When satisfied, a button was clicked to
confirm the choice.
The interaction was designed with efficiency in mind and did
therefore not require unnecessary steps such as physically dragging
the limits. It was also designed with the purpose to have the option
to perform a two-hand slider interaction while being able to zoom
and observe the map simultaneously.
When invoking the interval controlling rent, the interval had the
same appearance as the slider labeled Max avgift in Figure 8. In this
case, the lower limit of the interval was set to a fixed number zero
and the upper limit was only controlled by the right controllers
position in the VE.

4.5.2 Multiple-choice and binary selection. A multiple-choice
interaction was invoked using the radial menu. The purpose of
the interaction was to filter what house types to appear on the
map. When invoked, the multiple choices appeared as text elements placed radially around the right controller (see Figure 4). The
interaction followed the same principles as the menu by placing
it at desired place in the virtual world to later hover the desired
house types to activate/deactivate them. To ensure a change was
made, the text changed color and grew in size while hovering it.
When satisfied with the filtering, a button was clicked to confirm
the choice.
The same principles were applied when invoking binary choices
with only one variable to toggle - in this case to either show or hide
price-reduced real estates.
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Figure 7: Illustration of the binary choice interaction. The
dotted line symbolizes the threshold point causing a toggle
when passed with the controller.
Figure 5: . Illustration of the setting interval mechanics.

lower limits were lockable by holding a button on corresponding
controller in order to feel more in control of one limit while changing the other. When releasing the lock button, the interval limit
returned to corresponding controllers position along the x-axis.
4.6.4 Details on demand. An option to get details on demand
for each real estate was added on request of subjects from previous
iteration. With semantic zoom functionalities, the option was available when zoomed in a few levels due to the house objects being
too tightly clustered on lower zoom levels.
By pointing the left controller towards the map, a ray cast appeared as a laser beam starting at the controllers position and
ending at the position on the map the controller was aiming at. The
closest real estate to the ray cast changed color and grew in size to
indicate that details on demand was one button press away.

Figure 6: A screenshot of the application’s setting interval
mechanics.

4.6

4.6.5 Size of environment. In the first iteration the VR environment required room scale VR with a length of at least 1.5m since the
zooming of the map required physical movement along the z-axis
(backward and forward). After the first iteration the application
was no longer dependent on the area of the environment since the
users used the handheld controllers to zoom the map. Which made
the application and interaction principles valid for non-room scale
VR equipment.

Design study

The application created for the design study made use of the results
from the concept study to improve the usability of the application. All
functions not mentioned in this section stayed the same across both
iterations.
4.6.1 Zooming. The zooming interaction no longer required
physical movement. Instead the up and down buttons on the touchpad of the HTC Vive’s controllers were used to zoom in and out.
One zoom press now corresponded to one zoom level with Google
maps API which made the observed area 4 times smaller/bigger
compared to 16 times from previous iteration, making the zooming
interaction smoother due to smaller jumps.

4.7

Control study

A control study was performed to be able to compare the efficiency
of the VR-map filtering interaction with a web interface. The test
was performed on the Booli.se website providing housing data to
the VR-application to make the studies as similar as possible. The
users were given the same tasks as in the other studies while their
screen was recorded. All recorded videos where then analyzed and
the time to complete tasks was later logged manually by observing
the recorded videos. No clicks or times zoomed were logged since a
fair assessment of how to define a click or zoom would be difficult
since the behavior is different between the two technologies. A semistructured interview was performed after the tasks were performed.
The purpose of the interview was to make sense of what worked
well with the website and what did not.
As seen in Figure 8 the filtering interface of the web application
uses checkboxes for multiple choice filtering, input boxes for intervals with both upper and lower limits, sliders for intervals with
only upper limits and radio buttons for binary choices.

4.6.2 Binary filtering. Unlike previous iteration, the binary toggle no longer followed the same principles as the multiple-choice
interaction since the appearance of the binary toggle had to change
due to confusion amongst the users. Therefore it inherited the function of a mobile interface toggle switch (see Figure 4), which was
toggled by moving the right controller along the x-axis similar
to the interval functionality only that the toggle switch only had
two states, which triggered when the controller passed a certain
threshold value in the x-axis.
4.6.3 Setting intervals. The slider interaction was similar during the two iterations. The only difference was that the upper and
6

linear while others liked the fact that the zooming went through
steps to prevent dizziness. 6 out of 12 also wished to stay still while
zooming. The movement caused irritations, and some even accidentally zoomed more often than intended since they walked too
far unintentionally which led to comments like: " [S]ince I had to
move, it was hard to zoom fast. Especially when moving backwards."
. The application was perceived to be "[...] better for ballpark estimates and finding trends [...]" and "[...]more of an overview, while
web interfaces are effective when knowing exactly what to look for."
Which indicated that web interfaces were perceived to be effective
when looking for pre-determined queries. One user mentioned that
there was nothing out of the ordinary with the application since he
recognized all types of filtering types, which made the interactions
intuitive and perceived efficient.

5.3

5.3.1 Representation. The design study was performed on 6
subjects with an age span of 25-27 years. The gender representation
was 50% women and 50% men. 50% of the population had used VR
over 10 times, 33.3% had used VR 4 - 6 times and 16.67% had used
VR 1 - 3 times. All of the users had used HTC Vive before.

Figure 8: A screenshot of the filtering interface on the website used in the control study.

4.8

5.3.2 Interviews and observations. The zooming functionality
only got positive responses and got comments like:
"[...]simple and swift. Easier than with a mouse."
The thoughts on defining intervals were similar to the first iteration. It was intuitive since it took users not more than a few
seconds to understand that the distance between their controllers
had an effect on the upper and lower limit although some users
first instinct was to grab the limit indicators to drag them which
made some users give comments like:
"[I]nstinctively, I would have wanted to grab the limits, but when
thinking about it, maybe it is nice to skip that step."
All users managed to complete the tasks but had problems being
precise in their selections. 2 out of 6 would have preferred to grab
the limit indicators and drag them to place instead of them always
following the controllers’ position.
The new function of single choice binary selection got better
response than previous iteration. Since the appearance was similar
to the slider interaction, many tried to use their left controller to
manipulate the switch only requiring right controller. Therefore,
a somewhat different design of the switch was suggested. Some
suggested checkboxes; others suggested the appearance and functionality of the multiple-choice interaction like the one tested in
the concept study.

Tools

The application was created in the game engine Unity3D 8 using
the programming language C# (C-sharp). The data required to build
the application was gathered using the Google maps API 9 to acquire the map textures along with Booli API10 to acquire housing
data. The hardware used in this case was an HTC Vive HMD with
belonging room-scale sensors.

5

RESULTS

This section will present the results of the three user studies performed.

5.1

Presence questionnaire

On a scale of 1-7, the presence questionnaire provided an average
score of 5.03 in the concept study and 5.21 in the design study. The
results are deemed high enough to class the application as a VR
experience.

5.2

Design study

Concept study

5.2.1 Representation. The concept study was performed on 12
subjects with an age span of 24-28 years. The gender representation
was 25% women and 75% men. 75% of the population had used VR
over 10 times; the remaining 25% had used VR 1-3 times. All of the
users had used HTC Vive before.

5.4

Control study

5.4.1 Representation. The control study was performed on 6
subjects with an age span of 24-63 years. The gender representation
was 33% women and 67% men.

5.2.2 Interviews and observations. The main problem for most
users was to define an interval with an upper and lower limit, since
the limits were dependent on the distance between the two controllers with no possibility to make the limits static. Therefore 9
out of 12 requested to be able to lock the upper and lower limits
separately. 6 out of 12 requested to make the zooming smoother and

5.4.2 Interviews and observations. All users were very familiar
with the map interaction since they had used such interfaces many
times before. Although, many complained about how slow it was to
use. The zooming interaction was not perceived as responsive since
it took a while for the map visualization to render when zooming
fast. Many started out with the scrolling wheel on the computer but

8 https://unity3d.com/
9 https://developers.google.com/maps/documentation/javascript/tutorial
10 https://www.booli.se/api/
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quickly went over to using the zooming buttons at the bottom right
corner of the screen. All users mentioned that it was annoying to
toggle between observing and filtering when trying to find extreme
values such as the most expensive real estates.
"I would have much rather had filtering options at the top of the
page rather than the whole screen getting covered."
The users felt very familiar with interacting with all elements
on the filtering page, yet it sometimes took time to find them since
the filtering options were not sorted into subgroups.

5.5

users of the control study was not only slightly faster than the
design study but also had a significantly smaller spread, which
points towards the input boxes for interval decision and checkboxes for multiple choice interactions being a safe and efficient
interaction design choice for desktop interfaces. This might have
been affected by the positioning of these selections on the filtering
interface (seen in Figure 8). Since they were placed somewhat high
up on the interface they might have been easier to locate than other
selections. Particularly the multiple choice interaction placed at the
absolute top of the filtering interface causing all users in the control
study to complete task 5 with a spread of around two seconds. One
interaction being in favor of the VR interface is the one limit slider
interaction in task 4 with a smaller spread of the box diagram and
faster completion time. Task 1 and 2 are not present in Figure 9
since the completion time data for those tasks did not stand out for
either study.

Comparison data

Table 1: Interaction data from concept and design study

As seen in Table 1, all users of all studies tended to only use the
reset button to restore filtrations to prepare for upcoming tasks. It
was therefore never used to repair mistakes. This indicates that the
interaction design of the application rarely caused errors.
The users in the design study tended to zoom less in general since
the zoom in and zoom out numbers were both significantly lower.
This indicates that the click to zoom interaction in combination
with more detailed zoom levels made users make fewer zooming
mistakes.
The zoom in and zoom out numbers for the design study were
divided by two to easier compare the two studies since one zoom
interaction in the concept study corresponded to twice as many
zoom levels in the design study more elaborately explained in section 4.6.1.

Figure 10: Total time to complete straightforward tasks.
(note that the time-axis starts at 40).
As seen in Figure 10, the completion time for all straightforward
tasks were very similar between design and control study participants. Noticeable is that the design changes from concept to design
study improved the VR application in the straightforward tasks.
Figure 11 shows that the completion time for all complex tasks has
a noticeable spread for both design and control study. All completion times tend to be faster using the VR-application with task 6
having a significant faster completion time and task 8 and 9 having
particularly compact box diagrams. As seen in Figure 12, the total
completion time for all complex tasks were on average around 100
seconds faster in the VR application which indicates that relation
between the average total completion time for all 9 tasks would
look similar to Figure 12 due to the completion times being similar
between design and control study in Figure 10.

Figure 9: Time to complete tasks 3 - 5.
As seen in Figure 9, the completion time of task 3 and 5 for the
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a slightly smaller spread in completion times pointing towards
experience having an effect on users performing similar completion
times. The figure also shows that completion times of the filtrations
in the design study is significantly faster for both beginner and
experienced users pointing towards the design changes providing
improvements in terms of efficiency for both groups.

6

DISCUSSION

This section will discuss the results gathered and analyzed in the
user studies, starting with individual filtration methods followed by a
general discussion of comparison between 2D and 3D interfaces.

6.1

Zooming

Since the map was two-dimensional and designed to not affect the
filtering results, the zooming interaction might not be useful if
map-based visualizations were to look different in VR in future scenarios. However, the “gaze based” zooming seems to have worked
well in this situation. The combination of gaze and locomotion for
zooming in VR seemed to be intuitive, yet frustrating. Therefore
the combination of gaze and button press might be a better option
for interacting with 2D maps in VR. It is clear that the users of
the second iteration (design study) performed more efficient when
zooming compared to the concept study. This due to the fact the
need to zoom out was nearly non-existent in the design study compared to the concept study where users freely zoomed in and out.
To pinpoint exactly why users of the concept study tended to zoom
out significantly more is not obvious. However, it is likely due to
two reasons. The first reason is that each zoom interaction magnified the map too much causing users to lose sense of location. The
other reason is that the locomotion-driven zoom interaction made
users accidentally zoom in, which led to them having to zoom out.

Figure 11: Time to complete tasks 6 - 9.

Figure 12: Total time to complete all complex tasks. (Note
that the time-axis starts at 100).

6.2

Slider interaction

The slider interaction seems to have been highly effective when
finding extremes such as the most expensive, oldest, biggest properties. This is probably due to being able to observe the map while
filtering. Using both hands to control upper and lower interval limits at the same time might not have made the filtering interaction
faster when specifying exact upper and lower limits due to not
being able to observe the exact value of both limits simultaneously.
Nor did it make it worse since the option of locking the limits was
made possible. Despite this, the two-hand interaction streamlined
trend observation and ballpark estimations due to being able to
change both upper and lower limits simultaneously to e.g. quickly
get a sense of in what areas of Stockholm the cheapest/most expensive real-estates are located by moving both hands from side to
side.

6.3
Figure 13: Time to complete all tasks for experienced and
beginner VR users during concept study and design study.
(Note that the time axis starts at 100).

Multiple-choice

Judging by the interviews, the most appreciated function of the
VR application was the menu and multiple-choice interaction due
to its usability. Placing filters at desired locations seemed highly
appreciated since it let the users create their own user interface
based on their own liking. As suggested by some users, this principle
could be applied to other filters as well. Radially constructed options

Figure 13 shows that users in both studies benefited from their
previous experiences in VR. Experienced users also tend to have
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seems to be a valid option for menu and multiple choice interactions
since they both were met with good response.

6.4

results provided from this study indicates that VR can solve some
efficiency problems with current map-based filtering interaction
designs on the web.

Binary filtering

6.6

The binary filtering caused some difficulties in both VR-studies.
Despite this, the binary interaction (seen in Figure 7) in the design
study tended to performed slightly faster than in the control study.
This points towards the binary interaction being efficient yet unintuitive. The lack of feedback in the interaction might have been the
reason for users mentioning it being hard to understand since the
only feedback given was when the controller passed the toggling
threshold. To make the interaction more intuitive, recognizable
interaction elements such as physical buttons could have been a
solver of the problem.

6.5

Method criticism

6.6.1 Time tracking. Since all tests were timed manually due
to the tasks having no definite ending, there might be a slight
difference in how long it took for the participants to perform the
tasks and how long the moderator perceived it took.
6.6.2 Filtering UI. Since the filtering user interface (UI) on the
website used in this study completely covered the map visualization,
the results might be somewhat unfair to filtering map-based data in
web applications in general. There are websites that do not cover
the map visualization to the same extent and could therefore have
been seen as more efficient.
Since one of the main advantages of the VR UI was the ability
to observe the visualizations while filtering, a web-based interface
could have made use of the same principles e.g. by changing the
opacity of the interface.
Not only the interface differ between websites, but also the filtering interaction principles. Some websites use input fields for upper
and lower limits of an interval while others use sliders.

Filtering in 2D and 3D

Even though the purpose of this study was to evaluate how to
design more efficient data filtering principles for map-based data,
the binary, multiple-choice and slider interaction are all filtering
interactions applicable to other areas, and are not only bound to
map-based filtering. When using 3D space along with these types
of interfaces the main advantage seems to be the amount of space
available, which allows visualization observation while filtering.
These filtering mechanisms could be used in situations where users
swiftly need to observe changes in visualization according to their
filtrations. As mentioned earlier this could be a great tool to find
trends in data. By always having access to filtration tools regardless
of ones position in the VE, these types of on-body filtering interfaces
brings a new dimension to how we can visualize filterable data in
VR.
Since map-based web interfaces solely make use of mouse clicks
and keyboard, the option to perform multiple interactions at once
such as zooming and setting interval simultaneously is non-existent.
By giving the user the ability to use both hands along with gaze
based zooming, these types of VR interfaces opens up to efficient
interaction even though they all might not be used at the same time.
Which could be one of the reasons why the VR-interface performed
faster on the complex tasks.
Since the results are affected by the VR experiences of the users,
results provided in concept and design study might have provided
faster completion times on all tasks if all subjects were experienced
VR users.
One noticeable thing is that the web filtering interface made use
of both sliders and input fields for setting interval limits. When
the interval ranged from zero and up with only an upper limit,
the interface made use of sliders. Although, when one had the
choice to set both upper end lower limits of the interval, only input
fields were available. This is likely due to intervals with big ranges
being hard to be precise with. In this case listing prices for real
estates have a range of millions of SEK. This was one thing people
commented on in the concept and design study, that it was hard to
be precise with big data ranges.
Overall, the completion times seems to be somewhat faster in
the design study compared to the control study highly due to the
complex tasks since the completion time on the more straightforward tasks are similar between the two. Therefore, it looks like the

6.6.3 Experience. Some tasks may have been affected by the
test subjects’ sense of direction, as well as their knowledge of the
current housing situation in Stockholm, which might have either
helped or worsened their results adding or subtracting time from
the supposed zooming interaction.
Since the experience of using mouse and keyboard over VR controllers is greater amongst all users it is difficult to determine how
familiar a user should be with the VR controllers to be able to
rightfully compare the results. Some tasks might also have been
in favor of the VR app since the complex tasks not only consisted
of filtering, but also observation which was the weak spot of the
website interface. If some tasks would have included multiple filtering interactions without observations in between, the results might
have been in favor of filtering interactions on the web.

6.7

Future research

Even though geographical visualizations could benefit a great amount
from the third dimension VR provides, it is a rather unexplored
topic. Researching how to best visualize geographical data in VR
could therefore be highly interesting. When interacting with geographical visualizations other than two dimensional visualizations
such as the one used in this study, contextualizing interactions such
as zooming, panning, and flying through could all be designed to
suit the visualization.
The application developed for this thesis made use of some of
VR’s advantages yet could possibly be even further improved by
optimizing variable selections such as changing price and size at
the same time. This could be further tested by using the two-hand
interaction possibilities VR provides.
Since the filtering interaction designs constructed in this study
could be useful to manipulate other types of data visualizations, it
could be interesting to examine how they perform in other filtering
scenarios not involving geographical data, preferably tested on a
10

larger population. The reason is because the number of participants
in this study is not large enough to make a statistically significant
conclusion.

6.8

Conclusions

By using the advantages of VR technologies such as two-hand interaction, gaze, 3D space and body movements when designing
map-based data filtering interactions, VR might be an efficient alternative for finding trends within geographical data and solving complex tasks otherwise requiring repetitive interactions to complete.
Since straightforward filtering interactions are done in seconds
on map-based visualizations on the web, completion time on such
tasks can be met but hardly improved in terms of effectiveness.
However, diegetic on-body filtering interfaces tend to be a good
design choice since it allows simultaneous filtering interactions and
visualization observation.
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