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Design av ett system för inomhuspositionering för 
ett litet företag med en öppen arbetsplats

SAMMANFATTNING
Teknologier som beacons och sensor noder för att exakt ta ut en 
inomhusposition har funnits i över ett decennium. Men kunskap om denna 
teknologi är inte vitt spridd. Denna studien har som mål att designa ett sätt 
att använda inomhuspositionering för företag med öppen arbetsplats, med 
hjälp av metoder som är kopplat till användarvänlighet tillsammans med 
tillgänglig teknik.

Denna studien utfördes vid Apegroup, ett företag som har en öppen 
arbetsplats där deras anställda kan ändra på sin plats utöver dagen. Studien 
startade med en enkät som uppföljdes prototyper som testades med semi-
strukturerade intervjuer med fokus på uppgifter att utföra under testerna. 
Under dessa samlades det information från testarna om deras önskemål och 
nödvändigheter kring ett sånt här system samt deras tankar kring personlig 
integritet och att bli positionerad.

Resultatet av den här studien visade att de som svarade på enkäten 
hade några problem som handlade om öppna arbetsytor, mestadels när det 
kom till att boka rum samt att hitta kollegor. När dom blev presenterade en 
möjlig lösning att kontra dessa problem, så var testarna enhetliga om att dom 
skulle använda ett sådant system om det fanns idag. Angående integriteten, 
testarna hade inga problem med att visa deras position till andra inom 
företaget så länge denna informationen inte användes negativt.
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ABSTRACT
Today, technology like beacons and sensor nodes for an accu-
rate indoor positioning system has been around for near over
a decade. However, this technology is not widely known.
This study aims to design a way to make indoor positioning
available to companies with open workspaces, using methods
tied to user experience together available technology.

This study was conducted at Apegroup, a company that
has an open workspace where the employees can change their
place throughout the day. The study started with a survey
followed by prototypes with task-based think aloud semi-
structured interviews. Gathering information from the par-
ticipants on their wants and needs for a system like this as
well as their thoughts on personal integrity in regards to
being positioned.

The results of this study conclude that the respondents
of the survey did have issues when it came to the open
workspace environment, mainly booking meeting rooms and
finding colleagues. When presented a possible way to en-
counter these issues, the participants were unanimous that
they would use a system like this if they were provided with
it today. Regarding integrity, the participants did not have
any issues presenting their location to others within the com-
pany as long as it was not used to monitor negatively.

Keywords
Human Computer Interaction; Indoor Positioning; User Ex-
perience; Indoor Maps; Location Based Systems

1. INTRODUCTION
Indoor positioning is not a new concept, one of the ear-

lier research studies published in 2004 [14] used active Radio
Frequency Identification (RFID) for indoor location sensing.
However, when talking about indoor positioning with people
today they are unaware of the current technologies in this
area, and there has not been many real life situations where
it has been used. People are only aware that Global Posi-
tioning System (GPS) does not work well indoors which is
due to signal issues from the satellite getting blocked by the
building. Also, when discussing the possibilities of a good
indoor positioning system with employees of companies with
large workspaces, large stores and/or malls, they often won-
der why it has not been implemented since it would be easier
in their daily working life.

Today it is common to have open workspaces where em-
ployees get to choose their working place for the day and,
depending on the workplace, a variety number of places are

available. This means that employees at those kinds of com-
panies do not have an assigned cubicle or desk to work at,
instead they are able to change place during the day to other
seats, sofas or meeting rooms. While this is a theory to en-
hance creativity, enhance discussions and togetherness at
the workplace, it could also create problems, for example,
when searching for specific colleagues and when trying to
find available working places. Looking for that perfect spot
or for a colleague can be time-consuming as well as ine↵ec-
tive.

1.1 About the project
This study is about creating an indoor positioning system

to help Apegroup which has an open workspace to make ef-
fective use of their spaces, by providing useful visualizations
for navigation, place availability and finding colleagues. By
creating prototypes for real life scenarios, this study will
look into what types of navigation marks and interaction is
needed and wanted for indoor navigation of this type. The
study will also examine how employees use it, how they are
feeling while using it and if the system is thought to be useful
in their daily work, to reach possible conclusions on user in-
teractivity more in depth. The goal is that this project will
span out into an application that uses visualization, navi-
gation and tracking to achieve the needs and goals of the
people using it.

One research of indoor positioning that used network in-
frastructure to determine position based on received signal
strength from several access points in range was published in
2006 [10]. They achieved this by o✏ine learning the system
with digital fingerprints and an online algorithm that cal-
culated the most likely position from that o✏ine database.
In recent time a method used triangulation between access
points with known position coordinates in the physical world
is being more common [18]. By knowing the signal strength
from the three closest access points it is possible to make an
estimation of where the person is standing in relation to the
access points .

In addition to this, the techniques for achieving the po-
sitioning system will be taken into consideration. To avoid
that the end-users have to carry an extra device just for this
purpose, the general popularity of today’s device platforms
is taken into consideration. The technical infrastructures
that might already be available at most companies and in-
frastructures that are easy to setup, will also be taking into
consideration in the current study.



2. RELATED RESEARCH
GPS is a widely used Location Based System (LBS) for

outdoor use, but there is no such common system for indoor
positioning yet. This study aims to create a usable indoor
positioning system for open workspaces. When comparing
interaction di↵erences between GPS and a possible indoor
variant, one might think they are similar to each other. With
this in mind, a research team from Finland examined, in
2009, and tested out a task-based usability study in a shop-
ping mall for a possible variant of future indoor positioning
[15]. They examined 23 users interacting with their inter-
face when being asked to carry the set predetermined tasks
related to what one could do and look for in a shopping
mall. One of the findings in this study was that in compar-
ison to outdoor navigation, which has easily recognizable
key points like surrounding streets and their names caused
confusion with indoor navigation since they are simply not
there. Furthermore, they found problems when users walked
along vertical navigation points, for example elevators and
stairs, and the orientation with indoor navigation was more
di�cult compared with outdoor navigation. Hence, when it
comes to the physical navigation marks and possible tasks
performed, one can see di↵erences in interaction and usage
between indoor and outdoor maps [15].

2.1 Research purpose and question
With all these di↵erent systems for indoor positioning be-

ing researched, the use for more than navigation inside malls
or large venues is seldom encountered. To study the user
experience together with the specific usage for open indoor
workspaces is one of the purposes of this research. Another
purpose is to look into possible ways to help users utilize the
open workspace they are working in.

Today, two major operating systems for smartphones dom-
inate the market, iOS and Android, so when deciding the
technology to develop in this research this has to be taken
into consideration. Since iOS at this moment has no way
to determine Received Signal Strength from a Wireless Fi-
delity (WiFi) network, known or unknown, the WiFi tech-
nology will not be used in this research. However, a version
using Bluetooth Low Energy (BLE) beacons placed to cover
in di↵erent areas of the workspace. The beacons will be
used as checkpoints and proximity points to reset the user’s
position to the known location of the beacon. Even though
WiFi networks are apparent on most major companies, BLE
is an inexpensive way to include both platforms in a unified
system.

When designing this system, the type of tasks and inter-
actions a user would want and need has to be taken into
consideration. The user of the system is important what
are their thoughts on indoor tracking and, even if it would
provide a useful way to make their work easier, how do they
look on privacy issues?

This research is connected to real wants and needs of
the company, and their employees, which it is conducted
for. The following question comes up: How to setup an
indoor positioning system for companies which have open
workspaces for their employees, so that they can counter is-
sues with open workspaces?

2.2 Research Limits
This project will not invent new techniques for creating

indoor positioning or ways for improving current systems in

the perspective of performance of such systems. It will also
not focus on techniques that require special treatment from
the end-users standpoint, i.e. carrying an extra device for
indoor navigation exclusively. It will instead examine how
to interact with indoor positioning systems together with
technologies available directly by the users and companies.

The project will not take into account the usefulness of
open workspaces but will rather try to embrace the theory
in a positive way and make it easier for workers to counter
some problems that arise with it.

2.3 Wireless Fidelity (WiFi)
A research published in 2014 [6] showed a system which

was used in the COEX complex in South Korea. It used a
WiFi access point system and a digital fingerprint database
for location detections. Each digital fingerprint contained
the received signal strength from access points within reach
and a known physical position. In order to accurately de-
termine positions with this system, each point should have
least at 2030 fingerprints for reliability. To build this sys-
tem’s WiFi Radio Map there were six teams with two per-
sons in each, and one team of three persons for support-
ing the collection of the other six teams. The collection
of around 200,000 fingerprints took two weeks. This sys-
tem relied heavily on large amounts of data to be reliable,
which made the system cumbersome to initially set up for
the large space where it was meant to be used. Their system
provided good accuracy on the user’s position together with
an algorithm to determine the most similar fingerprint with
stairs/elevators in mind for navigation within their applica-
tion [6].

There has been several other studies with this type of
method containing an o✏ine training mode for determin-
ing the real positions in relation to the radio map, where
these fingerprints where used to calculate ”nearest possible
position” in the online mode of the system [3, 13, 9].

Other methods used for making location knowable by oth-
ers has been used, in a study published in 2007 by M. Jons-
son [8] proposed a folksonomy approach used together with
WiFi. This approach was used not to determine exact lo-
cation on a map but with the words and descriptions of
the users. For example using a WiFi signal strength pro-
files the users could determine di↵erent places depending on
the pattern to ”home”, ”work” or anything using their own
vocabulary. [8]

2.4 Bluetooth Low Energy (BLE)
As early as 2003 a study [5] used Bluetooth together with

a server to determine the proximity position of the client.
This study had a focus on moving targets so that the client
did not have to check for position manually. The study
concluded that bluetooth was an inexpensive way for a small
size solution and that it was quick enough to perform the
task, at least for one device. [5]

A study from Japan in 2008 [7] noticed the need for in-
door navigation and did a usability study of a system im-
plemented in a commercial facility. The need for navigation
inside was di↵erent compared to outside. For indoor naviga-
tion it is important to know on which floor the user’s current
location is and also take into account stairs and elevators for
giving directions. This study used BLE beacons in the area,
which smartphones’ bluetooth module connected to. This
system could determine which beacons the user had close



proximity to and, by giving pictures of the surroundings, it
could give indoor navigation directions for the user [7].

In 2010 a study delving deeper into BLE delivered a sys-
tem which gave 90% precision and 0.5 meters accuracy walk-
ing along a corridor. The study used the received signal
strength from the beacons together with a multiple neural
networks to not only determine proximity but also direction
and position of the user [1].

2.5 Pedestrian Dead Reckoning (PDR)
To improve upon the positioning models using WiFi or

BLE, some of the studies mentioned above suggested the
possibility to enhance their studies with PDR in their future
research sections. Two di↵erent studies have acknowledged
this [4, 2] and created a hybrid system which first acquired
the GPS position of the user and, when the accuracy de-
terminator was low, it took the last known high accuracy
position and calculated the relative position of the user to-
gether with inertial sensors of the smartphone. The inertial
sensors being accelerometers, gyroscope and digital compass
together with algorithms to determine the step length and
the direction of the person. When comparing the accurate
GPS signal to the PDR sensors, one of the study results
showed a 2% error over a four km walk outdoors [4, 2]. This
system did however not take into account when users spent
longer periods of time walking indoors where the GPS signal
would be absent for that time.

An alternative to the method above was conducted in 2015
[17] and used a hybrid BLE and PDR method indoors, where
they used fingerprinting together with PDR to determine
the position of a user. The beacons were used to calibrate
the users’ positions with a matching algorithm to the PDR
position which alone su↵ers from accumulated errors over
time. The result showed an improvement to methods using
beacons or PDR alone to determine positions [17].

3. METHOD
The methods used in this study include a survey, pro-

totyping, user tests and interviews. These methods were
conducted in an iterative manner when it comes to the pro-
totyping, user tests and interviews to ensure that the design
quality of the application holds a certain threshold as well
as the quality of the study.

3.1 Survey
An initial survey was created in order to gather qualita-

tive data on what the users thought was problematic when
it comes to open workspace. This survey was sent out to
the company using Slack messaging application in the gen-
eral channel. This survey also took in the wants and needs
for an indoor positioning system which main goal was to
help them in di↵erent kind of troubles they can counter
within their workspace. The survey consisted of questions
of both multiple choice input as well as free-text input. The
main reason for this was to know the users of the system
because what they think was important at an early stage.
Out of this survey 7 persons who volunteered to participate
in further testing were taken out. The decision for 7 partici-
pants was based on Virzi’s research on ”How many subjects
is enough?”, where after 5 participants it shows a dimin-
ishing return of new information when conducting usability
studies [16]. The extra two was to have diversity in the dif-
ferent occupations within the company to include employees

of di↵erent background.

The 7 participants:

1. Male, 24, Backend Developer

2. Female, 22, O�ce Manager

3. Female, 35, Interactions Designer

4. Male, 35, Software Architect

5. Male, 42, Developer and Software Architect

6. Male, 43, Responsible for Economy

7. Female, 27, Responsible for Production

3.2 Prototyping
After the initial survey, low fidelity prototyping sketches

with traditional tools like post-its, pen and paper etc. were
used. This is to make sure that the later user tests are not
distracted by design issues and keep focused on the inter-
action with the system by all means. Two di↵erent proto-
types were made in this early stage to give the participants
choice when it came to interaction with the prototype. The
sketches were then refined with a computer editing program,
but with the feel, look and interaction of a low fidelity pro-
totypes.

When the low fidelity prototyping phase was over and
with the data from the interviews gathered, the next phase
of prototyping was done with high fidelity and tested with a
native application done for the smartphone. This prototype
was done to create a realistic looking prototype with possible
interactivity based on the problems encountered in both the
survey and the low fidelity prototypes interviews.

3.3 User tests and Interviews
The user tests and interviews were intertwined with the

prototyping, since they were done in an iterative manner.
After the first studies of the low fidelity prototypes, a task-
based think aloud session was done to gather qualitative
data from the users and afterwards asking them in a semi-
structured interview what they think should be included in
the hi-fi prototypes of the system. The user tests for the
low fidelity phase were done at the company with the par-
ticipants.

User tests in the high fidelity prototyping phase was done
to be more deep going, where the persons carried out a larger
set of certain predetermined tasks that originated from the
survey done in the beginning of the study. They were also
told to think aloud of how they were interacting with the
system and what they were thinking of.

After the high fidelity think aloud session the participants
was asked a series of questions in regards to how they felt
about the system, their thoughts on the system if it was
to be implemented today as well as what their thoughts
were on personal integrity when positioned within an indoor
positioning system.

3.4 Analyzing method
When analyzing the data from the semi-structured in-

terviews, a method called Qualitative content analysis was
used. The technique makes use of the interviewee’s com-
ments in patterns, frequency of terms and other markers
to create content categories in which the answers are dis-
tributed into [11]. During the interviews, both notes and
recordings of the interviewee’s were done for the availability



Figure 1: Overview of the features that the respon-
dents wanted for an indoor positioning system.

of listening to the interviews afterwards and transcribe it in
a methodological manner.

The last interview after the high fidelity had questions
with the goal of extracting the four threads of experience
from the interviewee’s, The compositional thread (how it is
understood), sensual thread (how the graphics feels), emo-
tional thread (how the application feels) and lastly spatio-
temporal thread (how it is over time). This analyzing method
is used in user experience research as an experience centered
approach to Human Computer Interaction [12].

4. RESULTS
In this section the corresponding results to each Method

phase is described.

4.1 Survey Results
The initial survey was sent out on the general social chan-

nel of the Slack application used by Apegroup as the main
internal communication between colleagues. At the time the
survey was posted on Slack, the channel had 78 members
from the company. The survey was answered by 17 persons,
all working at the company.

4.1.1 Which features would you like for an indoor
positioning system?

Multiple answers were allowed to the question ”Which
features would you like for an indoor positioning system?”.
Among the 17 respondents, the most common response was
”Finding available meeting rooms” with 12 votes. The sec-
ond most popular answer was ”Finding colleagues” with 10
votes, closely followed by ”Looking for a place to work within
the o�ce” and ”Finding equipment” both at 9 votes. ”Find-
ing a person with a certain skill” was voted by 7 persons
and lastly ”Knowing your own location” was voted by one
person. Overview can be seen in Figure 1.

In the following section of the survey, the respondents
could answer in free text instead of multiple choice to the
same question as above, this question was optional and re-
spondents did not have to answer. 2 out of the 17 re-
spondents answered that they had other features that they
wanted or needed for a system like this. One person an-
swered that a feature they would like was ”Finding a quiet
place to work”, the other respondent answered more lengthy

Figure 2: Overview of types of problems encoun-
tered with open workspaces.

with respect to her position at the company:

”For my position, it would be cool to see the movement of
my colleagues. I.e. what areas gets used or not. If no one
uses the ”silent room” - then you can do something else with
the surface.” - Respondent

4.1.2 What type of problems do you encounter with
open workspaces?

This question ”What type of problems do you encounter
with open workspaces?” had a free text input where the
respondents could describe what problems they encounter
with open workspaces. The two most frequently mentioned
problems were problems related to loud or noisy environ-
ments and that open workspaces sometimes made it di�cult
to concentrate due to interruptions. These two were men-
tioned by 6 respective 5 respondents. Problems related to
finding working places that are not already occupied were
mentioned by 2 respondents. Quickly finding available meet-
ing rooms as they are almost always occupied was mentioned
by 2 respondents.

One respondent’s problem with the open workspace was
that the places to work have chairs and equipment that are
not easily adjustable to the individual needs. Another per-
son wanted to find a comfortable desk in a quiet area when
focusing on more di�cult tasks, otherwise there was too
much distraction and noise. One respondent wanted to know
when people go to lunch and lastly, one had di�culties find-
ing people. Overview can be seen in figure 2.

4.1.3 Would you use such a system?
The answer alternatives for this question were ”Yes, I

think it would prove useful for me.”, ”Yes, if I have to but
rather not.”, ”No” and ”Other”, if they did not think the
other three fit their answer. A majority of 11 respondents
voted for ”Yes, I think it would prove useful for me.” while
1 person voted for ”No”. The remaining 5 answered:

– ”Maybe for finding people.”



Figure 3: Low Fidelity prototype with a task focused
menu. Left: Menu, Middle: Find Meeting Room,
Right: Find Colleague

– ”It sounds good, but I’m not sure. Our o�ce is not that
big. It would also depend on the data to be updated and
accurate etc.”

– ”Can’t see a immediate need for it. But maybe are
using it a couple of times?”

– ”Maybe if it’s good.”

– ”Maybe, after being convinced of it actually doing some.”

4.1.4 Which OS on your smartphone do you cur-
rently have?

This question had the options of iOS, Android, Windows
and Other operating system to choose from. The distribu-
tion was, 14 respondents used iOS as their smartphone OS
while 3 respondents used Android on their smartphone.

4.2 Low Fidelity
Based on the survey three initial low fidelity prototypes

were made. These were tested on 7 volunteers from the com-
pany who said that they could participate in further tests in
the survey given to them. The high fidelity prototypes were
later based on the feedback from these interviews.

4.2.1 Prototype
The most important features for indoor positioning were

”Finding available meeting rooms”, ”Finding colleagues”,
”Looking for a place to work within the o�ce” and ”Finding
equipment” according to the survey sent out to the com-
pany. These features laid ground for the low fidelity proto-
types. Two low fidelity prototypes were created for the user
tests with di↵erent ways to find meeting rooms and finding
colleagues.

The first prototype can be seen in Figure 3, with focus on
the di↵erent tasks available viewed in the form of a menu in
which buttons took you to an indoor map with an informa-
tion overlay based on user input. The second prototype can
be seen in Figure 4 which had a focus on viewing the infor-
mation displayed directly on an indoor map view, where the
user input was done directly on the map with information.

These prototypes were created using the test version of
Experience Design by Adobe.

Figure 4: Low Fidelity prototype with information
overview focus. Left: Menu, Middle: Find Meeting
Room, Right: Find Colleague

4.2.2 User tests
In the user tests both prototypes were tested out with two

short tasks based on a think aloud session followed by a semi-
structured interview, where the strengths and weaknesses of
the two prototypes were discussed. These tests were carried
out in a booked meeting room within the company to ensure
no disturbance.

The think aloud session for both prototypes was carried
out the same. The first task was to find an available meeting
room and try to book it, and the second task was to find a
colleague and receive map directions to be able to find him.

Regarding the prototypes
When asked which of the two prototypes they preferred,
the answers were not unanimous. Four persons said they
preferred the focused view, two preferred the overview pro-
totype and lastly, one said he desired a mixture of them
both. Three out of the four persons preferring the focused
view said that they liked the di↵erent maps after pressing a
menu item, but did not like that they had to go back to the
menu to change the information overlay. One person sug-
gested making a tab menu to be able to change the di↵erent
overlays instead of having to go back to the main menu.

In the focused prototype, all of the participants said that
they liked the green and red overlay on the meeting rooms
view, since that directly clarified which ones were booked
and which ones were not. The participants were uncertain
with what ”Find a personal spot” meant but, since it was
not included in the tests, it was explained what to expect
from it.

In the overview prototype, two participants thought it was
good to have all the information displayed directly, while
four said that it looked ”messy” and confusing, but liked
that you did not have to go back to perform the desired
tasks. Six participants said that they liked that their own
position was shown in the overview prototype and that it
should have been included in the other prototype as well.

Regarding the feedback for both prototypes,four partici-
pants said that they would like to see how many chairs were
in each meeting room to be able to make bookings easier.
In addition, four participants mentioned that they would
like to see the available equipment for each meeting room.



Five participants said that they wanted functionality with
notifications, for being able to know when certain colleagues
get to work, get out from a meeting, knowing when to start
moving for a booked meeting and, if possible, knowing when
the first person has arrived to a meeting. In addition to this,
the participants in minority wanted to be able to ”Search for
other things than names”, ”Schedule directly when pressing
a meeting room”, ”Name on the rooms”, ”Standard choices
when booking a meeting room”, ”A list view with colleagues”
that were connected to using positioning and wanted tasks.

Regarding positioning integrity
After the feedback given for the prototypes the participants
were asked what they thought on being positioned in a
system like this. Their answers were unanimous, none of
the participants had problems with being positioned at this
working place.

Participant 4 said that it might be scary if the system au-
tomatically follows one around and that it might take some
time to get used to. The same participant continued with
saying that it would be nice if the systems had di↵erent levels
of integrity that you could choose yourself, for example tog-
gling between choosing for yourself where you are and letting
the system position for you. Participant 2 said that if this
helps people in their daily work which is really good, and
that it could save time for people by, for example, knowing
directly if a person is in a meeting without having to search
the whole o�ce to find that person.

When being asked what they thought about exact posi-
tioning, four out of the seven participants said that they
thought that exact positioning was not necessary, as long as
the system knew which rooms people were in was enough for
them. Without asking, it was also mentioned that it would
be absolutely unnecessary to put beacons in the bathrooms.

”To me it does not really matter, we are our own little fam-
ily in here anyway. Exact positioning is not needed. As long
as you can determine which areas are areas within the com-
pany.” - Participant 2

4.3 Hardware and software
Based on the feedback given in the low fidelity user tests,

a hardware prototype was developed to ensure that the tech-
nology worked in a real life scenario. One of the results from
the low fidelity user tests showed that the users had no needs
for knowing exact location of their colleagues, and that it
was su�cient enough to just know which area or meeting
room the colleague was located in. As seen in Figure 5, the
test walking path is laid out together with actions taken by
the system throughout the walk.

The path was tested with both the smartphone in the
hand of the walker, in front pocket and also in a handbag.
Since these are the most common placements of a smart-
phone. The tests were successful and was carried out indif-
ferent of the location of the smartphone. Beacons was set
to high signal strength which shortens the battery lifetime
of the beacons but provided the best accuracy.

4.3.1 Hardware prototype
The hardware used in this study was bluetooth low energy

beacons made by Estimote. A total of three beacons were
used at one part of the o�ce to create a scenario of a possible

Figure 5: Test of a walking path with beacons.

setup. The beacons were placed throughout the test area
with meeting rooms and di↵erent areas of the o�ce in mind.

Pass through beacons had a placement above doorways so
that when the user gets contact with one and then loses it,
the system knows depending on the beacon what transition
in location the user has done. Proximity beacons were placed
under the tables in the meeting rooms, due to the tables
being a central part of most meetings.

4.3.2 Software prototype
XCode together with a Software Development Kit for the

Estimote beacons was used to create the prototype software
for this scenario. Due to beacons being available on both ma-
jor operating systems, this system covers the phones used in
this company. The beacons were programmed to act di↵er-
ently depending on class, pass through beacon or proximity
beacon, together with ID of each beacon to capsulate the
di↵erent scenarios of the setup.

Pass through beacons were used together with last known
room to take out the next possible path of the worker. This
means that only one beacon is needed to know the transi-
tion from Work area 1 to Work area 2 as well as the other
way around. Proximity beacons could be programmed with
di↵erent signal strengths to match di↵erent sizes of the meet-
ing rooms, to not lose connection while still being inside the
meeting room.

4.4 High Fidelity
Taken into the feedback received from the low fidelity pro-

totypes a high fidelity prototype was made. This was tested
on the same seven volunteers from the low fidelity tests.

4.4.1 Prototype
When doing a high fidelity prototype the feedback given



from the participants in the low fidelity tests were accounted
for. The focus still being ”Finding available meeting rooms”,
”Finding colleagues”, ”Looking for a place to work within
the o�ce” and ”Finding Equipment” with the exception of
merging ”Finding equipment” with ”Finding available meet-
ing rooms” based on the feedback from the first user test.
The prototypes were made with the design from Human
Interface Guidelines from Apple in mind, to make choices
suited for the five out of the seven participants whose main
operating system was iOS. The prototype program was cre-
ated using Pixate which is owned by Google. The result can
be seen in Figure 6.

4.4.2 User Tests
In these user tests the participants first got to scroll through

the di↵erent views in the prototype, to get the general feel-
ing of the prototype. After that they were instructed with a
scenario including di↵erent tasks to perform using the pro-
totype.

The scenario including tasks performed was:

1. Figure out which room you are in by positioning your-
self.

2. It is getting close to lunch time, look who is in the
kitchen right now.

3. After lunch you would like to find a working spot,
knowing there are a lot of colleagues in the main areas,
you are looking for a less crowded area.

4. You want to book the meeting room ”Tv̊aan” for a 1
to 1 meeting, book it now and for a 60 minute long
meeting.

5. Knowing you are to have the meeting together with
Lars, you would like to search where he is right now
and if he is available.

6. Seeing he is in a meeting, you would like to get notified
when he leaves the meeting room.

Compositional thread
While performing the tasks throughout the think aloud ses-
sion, some occurrences of uncertainty arose. Firstly, An-
droid and iOS users reacted di↵erently when being asked
to position themselves within the area. The icon that was
designed with iOS in mind was not directly understandable
by the two participants which were using Android as their
main smartphone operating system, while the five iOS par-
ticipants understood the icon in the map view.

While being in the view to find which seats are available
and then given the task to book a meeting room, five of
the participants wanted to click on the meeting room in the
Available Seats view before going to the Meeting Room view,
either by saying it or by instinctively pressing the room to
see if it worked.

When given the task to find a colleague, the search option
was easy to understand. However, the third icon in the con-
textual menu given by his position and portrait generated
an uncertainty about what it meant. Five participants had
trouble understanding which icon that was supposed to set
a notification for when the colleague left the meeting room,
while two participants ruled out the other two icons since
the given task was to get a notification and the first two
icons was more clearly understood.

When asking for the perceived feelings about if the pro-
totype was easy to understand, all seven participants said
that it was easy to understand, even if some things were a
bit uncertain.

Sensual thread
When asking if the participants would like to use a system
like this in their work all participants said that they could
see themselves using it. Four of the participants said yes as
well as mentioning what could make it even more usable for
them. Participant 4 wanted an integration with Slack to be
able to send messages regardless of application. Participant
1 and 6 said that they might not use all the functions since
the o�ce is not that large, but if the o�ce would be larger
they could see a better usage for it. Participant 5 said that
he would use it, especially the book meeting rooms function.

Emotional thread
When given the task to find who was in the kitchen during
lunch time, a natural curiousness occurred on several of the
participants. They wanted to explore which persons were in
the other rooms and even wanted to know who is in the same
room as the participant. The feeling when looking for seat
inside the prototype was met with curiosity to the areas,
what type of rooms there were, if there were any decided
silent rooms, how high the sound volume in the room was,
what type of seats there are.

The participants were asked if they thought this type of
system would make their daily work more e�cient. Five
participants thought that it would make them more e�cient
when looking for colleagues, so that they did not have to
search for them. However, two out of those five said that
they might miss the two minute walks it could take to find
a person and because of that they might not want to use it
when they have the need to stretch out a bit.

Two of the participants mentioned that they thought that
the company is not large enough for this to be very e�cient,
but saw the potential impact on companies with larger of-
fices. A participant summarized it as:

”It might have more e↵ect on a larger o�ce maybe, but it
might be good sometimes. You lose those two minute walks
it takes to go around and find someone, which actually could
be good for daily exercise!”
- - Participant 5

Spatio-temporal thread
When asked to compare it to previous prototypes of this sys-
tem and questioning if the high fidelity prototype met their
expectations, the answers were on the positive side. The
participants mentioned that the navigational part was im-
proved, simpler and that it met their expectations from the
last user tests. A participant said that problems and fea-
tures that were discussed during the low fidelity testing has
now been included in the new prototype which made him ex-
cited. Another participant said that the prototype included
the features that he wanted for an indoor positioning system
that enables for quick communication with colleagues. The
participants mentioned that covering all possible scenarios
would be near impossible for the system, but when it does
falter communication is a good back up.



Figure 6: High Fidelity prototype showing di↵erent key views.
First: Finding colleagues, Second: Popup for area, Third: Booking meeting room context, Fourth: Find
available seats, Fifth: Search sidebar, Sixth: Colleague found.

Follow up on positioning integrity
When the participants were asked whether their thoughts
on personal integrity using a possible system like this has
changed since the first session or not, the answers were still
unanimous, that they do not have any personal issues with
being positioned while at the o�ce. However, three partic-
ipants mentioned that it would be good to be able to set
yourself in a Do Not Disturb mode.

One participant said that he is even more positive now
than he was in the first prototype testing, and that his feel-
ings for the system has been enhanced while testing the high
fidelity prototype. Another participant was positive as long
as there was no negative statistical outcome from the sys-
tem, for example tracking for how long you are positioned
in each room over periods of time.

”Regards to integrity, there is no ”fix for everyone”, you
might need di↵erent levels of positioning to fit di↵erent per-
sons. Who sees you and on what level of accuracy, levels of
Favorites, Teams, Projects, Department to Everyone. To-
gether with a view that clarifies how others see you.”
- - Participant 4

5. DISCUSSION
The research purpose for this study was: How to design

an indoor positioning system for companies which have open
workspaces for their employees, so that they can counter is-
sues with open workspaces? The subquestions were what
they wanted and needed from a system like this, what the
users thought of indoor positioning and what their thoughts
were on integrity and privacy regarding to indoor position-
ing.

5.1 The needs and wants of the user
From the initial survey the greatest features wanted from

the employees were to find meeting rooms that were available
and finding colleagues. This finding is later supported by the
prototype and user interviews where a great emphasis was
placed on the usage and information wanted for booking
and looking for a meeting room, as well as the perceived
e�ciency when being tasked to search and locate colleagues

in the prototypes.
The needs from the users when presented a possibility to

track other users developed into additional wants for this
system. Two of the mentioned wants of the participants
were to know what sound level di↵erent areas had and if
there were any determined silent rooms. Also in the survey,
there were five persons mentioning in free text input that
they thought loud or noisy environments were a problem to
them. These findings indicates that, among the volunteers
and participants, there is a need for knowing which areas
are quiet. In addition to this, the participants from the user
tests wanted to know which type of seats was available in
each area as well as knowing if the bathroom was occupied
or not. The bathroom occupation issue had the participants
clearly stating that it is only to know if it is occupied or not,
and not for knowing who is in the bathroom or for how long.

One thing questioned by several participants throughout
the process was the need for an indoor positioning system
at this particular company. Since the o�ce is rather small
the immediate need for a system like this is not obvious.
However, if presented with a system like this the participants
said that they would use it, and the further wants in addition
to the presented features indicates that a system like this
might still provide user needs.

5.2 The users’ thoughts on indoor positioning
The thoughts of the respondents and participants varies

slightly depending on their job purpose, while some persons
would use this to make room booking more e�cient, others
would use it to make the o�ce a better working place for
all colleagues. The o�ce manager who participated in this
study said that a system like this could provide good infor-
mation and statistics over the usage of areas, meeting rooms
and other needs of the employees. This would make her job
easier and in the end provide a better o�ce for everyone.
However, another participant states that they did not want
this system to be used to gather statistics which could be
portrayed negatively for the employees. When discussing
statistics it might be sensitive to talk about who is being
positioned where and if certain employees can be tied to the
historical information gathered with this system.

It was mentioned that using a system to find colleagues,



while e�cient, takes away the daily exercise given by taking
those extra minutes to walk around the o�ce and find who
you are looking for. New technology has a tendency of cre-
ating a fear of making us more and more inactive, making
the participants concern valid.

5.3 Integrity issues regarding positioning
The participants from the prototype user tests said that

they had no issues with personal integrity in regards to a
system like this. This could be of several reasons, one of
them being that the participants wanted to be able to find
colleagues within the company and to be able to do this
you would have to show your own position. When thinking
that this system would be used for good within the com-
pany to create a tool that would make the company more
e�cient when needed, the participants might have thought
more lightly on integrity due to it being set against possible
e�ciency outcomes.

In this environment integrity issues of the questioned par-
ticipants was not a problem, which could be due to the com-
pany size and o�ce size is rather small. Several of the par-
ticipants mentioned that they would not have any troubles
with giving their position to their colleagues within the com-
pany, but given being positioned at a larger company which
is less ”family like” it might have proven a larger issue.

In the final prototype session, the thoughts regarding a Do
Not Disturb function was mentioned by several participants.
This was not mentioned earlier, but could be the result of a
prototype which was closer to a real application.

5.4 Technology needed for this study
The technology needed for this study were using blue-

tooth low energy beacons to determine the areas that the
users could be in, while encapsulating the position of the
user without knowing exactly where the user is. Using this
technology in this way proved su�cient due to the partici-
pants mentioned that they did not think exact positioning
was needed. However, it also came up that they would like
to know which seats that were taken inside the di↵erent ar-
eas. This would require some sort of exact positioning, like
wifi radio maps, to determine the exact seats being taken.
Beacons could also be used, but would increase the cost to
cover the o�ce area significantly.

The wants from the users when being presented with this
system were that they would like to know exact seats taken,
the noise levels in di↵erent areas, which microwaves are be-
ing used at the moment and which bathrooms are occupied
etc. These issues arose when given the opportunity to track
other people within the system, as well as curiosity for know-
ing other practical information about the areas. The tech-
nology needed to track this might not be directly related to
indoor positioning, but rather di↵erent sensors, for example
pressure beneath seats, light sensors in bathrooms, sound
sensors for noise level. But the wants from the participants
proves that this technology might be needed to complement
the system with creating a better user experience.

5.5 Method critique
In this study the combination of user interface that was

done in the prototyping phase together with the hardware
research was not combined when doing the final user test-
ings. This made the users forced to imagine how it would be
to be in a workspace and to be positioned with the system

instead of actually being positioned with it, while doing the
interviews. This could skew the results a bit since the feel-
ings and emotions that could have been derived when using
the interface together with the hardware for the experience
of the system might be di↵erent from what was presented in
this study.

5.6 Future research
For future research, it would be interesting to investigate

how much the user experience changes when the users are
actually positioned by the system so that they can see how
it actually is. It is interesting to examine if this changes the
way they perceived indoor positioning, or if the perceived
understanding of the system was realistic among the partic-
ipants.

By adapting the technology for usage on a large scale
company another possible turn of research is taken. The
mentions from this study that the personal integrity did not
matter since it is such a small company could di↵er a lot on a
company of larger size where not everyone knows each other.
For larger companies this would be of interest to examine in
future research.

6. CONCLUSION
This thesis researched the user experience of a possible

implementation of an indoor positioning system aimed for
a small size company with an open workspace environment.
The needs and wants from the employees of the company
mattered and given that this particular company has a back-
ground in creating mobile applications, the adoption rate for
new technology is higher than those of traditional compa-
nies.

Personal integrity is something many people think is widely
thought of through out the population, but inside the o�ce
of this company it was only mentioned by one person that
they would not use a system for indoor positioning. This
could be due to other reasons than integrity, like finding the
system useless for a company of this size or just that that
person realistically knows they would not use the system for
personal usage.

The technology needed for a company of this size was
downsized to bluetooth low energy beacons. This is due to
the general feedback from the participants that it was not
needed to position each employee exactly and that it was
su�cient enough to just have an accuracy of area to area.

User experience is important when designing a system of
this kind. Since not all companies are the same, the employ-
ees needs and wants are not the same and the technological
infrastructure available or achievable at the companies are
not the same. All of these components needs to be taken into
account to create a good user experience that is required for
an indoor positioning system to work e�ciently.
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