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Explorative Design of an Indoor Positioning 
based Mobile Application for Workplaces 

To ease workflow management while investigating any privacy concerns 

in sharing ones’s location data indoors 

 

Abstract 

This thesis elaborates on the design process of a mobile phone based 

application for indoor positioning at workplaces. The aim of the application 

is to ease workflow management and help increase the work efficiency of 

individuals and teams by reducing the amount of time spent in looking and 

waiting for each other. In doing so, the research takes a closer look on the 

user’s perspective on sharing one’s location data. An attempt is made to 

explore users’ behavior, investigating if any privacy concerns arise out of 

sharing one’s indoor location data and how it effects the adoption of the 

service within the context of a workspace. This exploratory approach 

employed a number of qualitative tools in order to gather data and analyze 

it. 

In order to understand the complex context of a work environment where 

activities (or actions) are defined by a number of factors, actors, mediators, 

communication channels, etc., the research followed an activity centred 

approach. The resulting solution is in the form of a service that provides 

layers of contextual information, responding to the overall activity being 

performed and the smaller actions that constitute it. A prototype of this 

application is then taken for user testing. The test results show that the 

users were hesitant in sharing their location data; citing a number of 

speculated scenarios where this information may be used in ways that 

induced a sense of being spied upon. However, in the overall acceptance 

and adoption of the system, the context of use (the workspace) was found 

to play a very crucial role.  
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baserad Mobil Applikation för Arbetsplatser 
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integritetsfrågor i att dela lokaliseringsuppgifter inomhus 

 

Sammanfattning 

Denna avhandling urforskar designprocessen av en mobilapplikation för 

inomhuspositionering på arbetsplatser. Tanken med denna mobilapplication 

är att underlätta hantering av arbetsflöde samt att bidra till ökad effektivitet 

i arbetet både för individer och team. Detta uppnås genom att minska den 

tid det tar att leta efter, eller att vänta på, medarbetare. Syftet med denna 

avhandling är att, ur ett användarperspektiv, närmare undersöka 

implikationer för att dela ens fysiska positon. Användarens beteende 

undersöks och frågor rörande personlig integritet härörande från ens 

position avhandlas. Utifrån detta undersöks hur integrering av denna 

mobilapplikation kan göras inom ramen för en arbetsplats. Denna 

utforskande studie använder sig av ett antal kvalitativa metoder för att 

samla in och analysera data.  

För att förstå den komplexa miljö en arbetsplats utgör, vars aktiviteter styrs 

av ett antal olika faktorer, spelare, medlare, kommmunikationskanaler etc, 

så följer avhandlingen en aktivitetsbaserad metod. Den slutliga lösningen är 

en tjänst som tillhandahåller lager av situationsbaserad information vilken 

reagerar på de övergripande aktiveteter som utförs och de handlingar dessa 

består av. Prototypen för denna applikation testades även och resultatet 

från dessa tester pekar på att användaren är tveksam till att dela sin 

position. Avhandlingen exemplifierar flera situationer där detta kan ge 

upphov till en känsla att användaren är spioneras på. Trots detta så pekar 

studien på en övergripande acceptans och vilja till implmentering av 

systemet, givet dess rätta sammanhang (arbetsplatser) där den spelar en 

mycket viktig roll. 
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Chapter 1 
 

Introduction 
The following chapter shall serve as an introduction to the project while also providing 

an overview of the existing scenario. It shall also talk about the aims and objectives of 

the study while defining the delimitations and the structure. 

 

1.1 Preamble 
This thesis is one among the two theses associated with a common project. 

Although the theses work towards a common unified design, both have a 

different approach and research areas. While this thesis investigates the 

design from the aspect of privacy concerns over sharing one’s information 

in HCI, the other takes into account the trust, perception and motivation 

factors. The research report is written as a part of exchange studies to the 

master’s program in Human Computer Interaction at the Department of 

Media Technology, School of Computer Science and Communication, Royal 

Institute of Technology (KTH), Stockholm and was conducted at the Centre 

for Technology in Medicine and Health (CTMH) at KTH Flemingsberg. 

1.2 Clinical Fellowships at CTMH 
Clinical Innovation Fellowship, at CTMH, is an initiative supported by KTH, 

Karolinska Institute (KI) and Stockholm County Council with an aim to 

promote innovations in the field of healthcare. For a period of eight months, 

multidisciplinary teams of 3-4 members are provided an opportunity to 

understand the healthcare needs in close collaboration with a clinic at the 

Karolinska hospital. The teams may comprise of doctors, engineers, 
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industrial designers or economists and are assisted by a number of master’s 

thesis students. This thesis research was a part of the project of one such 

team of fellows at CTMH. 

1.3 Project Background 
The CTMH, under its Clinical Innovation Fellowship Program, provided its 

fellows with an opportunity of an intensive clinical immersion. They were to 

study one of the clinics at the Karolinska Institute at Flemingsberg, 

Stockholm. One of the teams carefully studied the transplantation 

department and came up with an initial need analysis report. The clinical 

immersion revealed that on an a typical day the medical professionals may 

end up spending up to about three hours of the normal eight hour shift in 

just looking around for people and objects. This is in spite of being provided 

with a number of gadgets (pagers, mobile phones, wireless land line 

phones, etc.) to stay connected with each other. This finding was further 

supported by Hendrich et al. (2008) who found that considering the time 

lost in communication in an average workplace with about 16,000 

employees, a small reduction of even ten minutes per employee would save 

up to 20 million US Dollars! 

1.4 Scenario 
The solution to the problem was envisioned in the form of a mobile based 

indoor positioning and communication application that aims to reduce the 

time wasted in looking for and communicating with people at workplaces. 

However the indoor positioning technologies are relatively new and have 

just started to enter the market. Currently a number of different 

approaches are being used to provide indoor positioning with varied 

accuracy and precision levels. Understandably the current research in the 

field is primarily linked with improving the technology. Thus setting aside 

position accuracy, other areas (e.g. usability and design) of indoor 

positioning and navigation have been sparsely explored, both regarding 

user behavior and adoption of the provided solutions (Mild and Vinkler, 

2013). The human factor (user experience), as of now, is largely under 

researched.  
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On the other hand, lately, privacy concerns over sharing ones personal 

information, including location data, online have been in the discussions. A 

number of public interest groups and parts of academia have been 

aggressively raising the issues concerning an individual’s right to privacy 

over information related to them, as is present online and/or gathered 

otherwise; and its usage by different parties, often seen as inappropriate, 

without their consent or even knowledge. Moreover, with the increase in 

internet literacy figures, users have started to become more conscious and 

aware about privacy concerns and probable risks involved with sharing their 

personal details to internet based services (and their providers).  

The introduction of the indoor positioning systems (IPS) has pushed this 

debate over ones’s privacy in the realm of a physically ’private’ space, 

making available another layer of sensitive personal information online. 

With position accuracies reaching an all-time high (up to about just 5m), 

the debate is only getting accentuated. At this juncture, with the IPS all set 

to enter the global markets in a big way, for its successful deployment it 

becomes crucial to understand how the users perceive and respond to the 

system. 

1.5 Research Aims and Objectives 
The thesis project attempts to gain an insight on the perceptions about the 

indoor positioning technology from an end user point of view. It shall 

investigate user’s attitude towards any privacy concern or risk factors that 

might be perceived to be associated with disclosing personal information to 

location based service providers in a work environment. In the process, the 

aim is to design a privacy-preserving mobile based indoor localization 

application, as a solution in response to the needs identified. Thus the main 

objectives of this thesis are:  

1. To design a mobile phone based Indoor Localization Application for 

communicating at workspaces, while addressing any privacy concerns.  

2. To investigate any privacy/surveillance concerns perceived in sharing 

location information over a mobile phone based indoor positioning network 

at workplaces.  
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1.6 Context 
Since the project was a part of the Clinical Fellowships Program at CTMH, 

the immediate context ’provided’ for the project (by CTMH) was the 

transplantation department at KI, or more generally, a hospital 

environment. The initial studies for the need analysis were conducted at KI, 

but to create a wider acceptance and for a successful commercialization of 

the system, the fellowship team decided to extend the scope of the project 

to include other indoor workspaces. This provided a secondary context. 

1.7 Market Potential 
As per ABI, the market for Indoor localization is set to reach 5 Million US 

Dollars by the year 2017. In one of his web articles, Christian Carle, of Pole 

Star1, has termed the advent of the Indoor Localization as the actual 

beginning of the mobile revolution.  

1.8 Delimitations 
The study shall limit itself to the confines of an indoor work space only, with 

special focus on the healthcare environment. The hospital environments, 

owing to the profession specific restrictions and job obligations, may prove 

to be very strict and rigid for the application and validation of the concept. A 

solution that works for most workspaces may fail under these restrictions, 

making it difficult to come up with a general solution that covers all the 

work spaces.  

On the solution front, the thesis shall focus on the ’human’ or the user’s 

aspect involved in the use of IPS. Thus, rather than studying the 

technology, it attempts to analyze how the technology is perceived and 

accepted by its users.  

                                                      
1In 2012, Gartner ranked  Pole Star as one of the most promising companies in the indoor 
location market (“Competitive Landscape: Indoor Positioning Technologies”, Annette 
Zimmerman, November 8th 2012). 
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1.9 Target Audience 
The expected audience of this project includes people in the mobile 

industry, primarily the researchers in the field of HCI, currently involved in 

developing the next generation Indoor Positioning and Navigation Systems. 

It could be used by upcoming product developers to help create better 

products, services or experiences for the end consumers. The thesis may 

also be of interest to people in the field of social sciences to understand 

human behavior and response in a given conditioned environment. 

1.10 Thesis Structure 
The structure of the thesis has been prepared in accordance to how the 

overall process took place. It is enlisted in the bullets as under:  

• Introduction to the problem: formulation of the research question. 

• Discussion over privacy concern in HCI: providing a detailed 

theoretical background to the problem scenario. 

• Theory: overview of the theory followed in the research and its 

relevance to the topic being discussed. 

• Methodology: divided into two phases, it shall describe the whole 

research, design and evaluation process, providing a description of 

the tools and methods adopted and how they were used. 

• Conclusion: presenting the findings of the research followed by a 

discussion about the overall proceedings along with the scope for 

further studies. 

 

 

 

 

 

 

 



Introduction 

 6 

 

 

 

 

 

 

 

 

 

 



  Theory 

  7 

 

 

Chapter 2 
 

Theory 
This chapter provides an overview of indoor positioning system using beacons and 

discusses the relevance of privacy concerns along with the concept of survelliance. It 

shall introduce the theories that have been applied in the design and research process 

of the thesis project. 

 

2.1 Indoor Positioning  
For many years, the global positioning systems (GPS) have been 

aggressively utilized for outdoor positioning and navigations. With the 

advent of mobile technology, the GPS found its way into the mobile phones 

opening a plethora of opportunities for location based services (LBS). 

Coupled with the increase in ease of access to information as a result of the 

rise in popularity of smart phones, ’context’ has turned into the new buzz 

word. Personalization now, not only refers to delivering ’right content to the 

right person at the right time’ (Ho and Tam, 2005) but also ’at the right 

location’. 

About 80% of the smartphone usage takes place inside buildings, making a 

strong case for bringing location technologies indoor (Carle, 2013). There 

are several ways to find the location of a mobile client indoors and 

outdoors. The basic components of an LBS are- a software application 

(provided by the provider), a communication network (mobile network), a 

content provider, a positioning device, and an end user’s mobile device. LBS 

systems, like Google Maps, primarily utilize the global positioning system 

(GPS) of a device. Although GPS works great in open spaces, being least 
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obstructed by objects, it cannot be used reliably inside a building. Currently 

a number of big players like Microsoft Lumia (formerly Nokia), Ericcsson and 

Apple are researching on different technologies to be used in indoor 

navigation in order to achieve higher degree of accuracy. For instance, 

Lumia has come up with a technique which utilizes the empty ’TV White 

Spaces’ for positioning. TV white spaces are the unused parts of the TV 

spectrum at a particular location (Bartlett, 2014); parts of the reserved 

signals of a London TV channel may not necessarily function in Cambridge. 

This results in these vacant white spaces at different locations. The 

advantage with them is that since these spaces are unlicensed, they could 

be utilized to provide better and cheaper internet. This system uses 

information automatically generated from a government mandated 

database that is activated when the equipment in turned on (Bartlett, 

2014).  

Ericsson Labs (2012) uses Wi-Fi access points in their Indoor Maps and 

Positioning service to determine positions. The application sends the data to 

their labs via an application programing interface (API) and receives back 

position coordinates using the classic Trilateration2 method. Some other 

players, like Senion Labs, Qubulus, and Roodin, use technologies like 

location Radio Fingerprinting3 to determine the position coordinates. 

Location based navigation services like these could be used in a number of 

cases for example to assist people visiting a museum or larger public 

building like airports or shopping malls, rescue people in case of 

emergencies, etc. 

Another approach to indoor navigation is by using Bluetooth beacons. 

Traditionally, beacons have been devices, like fire set up at a high, 

prominent position, serving as a warning or signal. These beacons can also 

be thought of as devices that produce an indication (like light) which is 

nothing but a symbolic message (warning/signal), received by someone and 

                                                      
2 Measuring distances using a geometry of circles, triangles and spheres to 
determine the relative position of a point (Trilateration, 2014) 

3 Identifying devices that transmit radio signals by their unique ’fingerprints’ which 
contain unique signal transmission characteristics (Radio Fingerprinting, 2013).  
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deciphered (conclude something). The Bluetooth Beacons are similar in their 

concept. 

The navigation system supported by these beacons is based on proximity 

and is one of the simplest techniques used in location systems. Using 

Apple’s licensed iBeacon technology, these beacons (also called estimotes) 

are small devices made up of a tiny Bluetooth Low Energy (4.0) chip 

encased in a silicone housing along with a battery (Figure 1). They 

broadcast radio signals, similar to Wi-Fi signals, which can be used to 

exchange data/information and to make connections with any BLE 

(Bluetooth Low Energy) based smart device in its vicinity (in a range from 2 

inches to about 230 feet). The range, though, depends on the environment 

as the radio signals can be interfered with or absorbed by water (like in 

human bodies). The smart phones pick up the signals emitted by the 

beacons and calculate their strength (RSSI) to estimate their distance from 

the source. A number of these beacons kept at suitable distances inside any 

physical space easily allows for a digital mapping of the space and the smart 

devices being used in it. 

                            
           Figure 1: A Bluetooth Beacon or estimote. (Image source: www.estimote.com/api)  

2.2 Theory of Privacy 

2.2.1 What is Privacy 

The term ’privacy’ is derived from Latin word ’privatus’ referring to ’a 

separation from the rest or deprived of something’. It provides an individual 

the right to ’express selectively’. There may be different types of privacy 

but this research shall focus on information privacy which has come into the 

limelight because of the growing interaction between the humans and 

technology. Issues relating to information privacy range from how a data 
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(relating to a user) is stored, how is it being used or published and who 

reserves the right on the data. Justice Potter Stewart (1967) had noted, 

’what he (an individual) seeks to preserve as private, even in an area 

accessible to the public, may be constitutionally protected.’ With an increase 

in footprints in the parallel virtual world of digital profiles and connections, 

the spatial metaphors, are now increasingly being discussed and used in 

relation to the internet (e.g. Graham, 1998); like windows, desktop, 

locations and others. Perhaps Justice Stewart’s definition of ’an area 

accessible to the public’ requires a re-interpretation in the year 2014. 

Technology, has changed the way privacy is both protected and violated. 

Privacy concern regarding user data storage, processing, usage and transfer 

have been debated for long in the field of Human Computer Interaction. 

From the time of standardization of setting up ’cookies’ in the web browser 

by the Internet Engineering Task Force (IETF) these have only grown, to 

the more recent personalization drive, fed primarily by the social media, 

that continuously collects random personal data and displays personalized 

advertisements, offers and services. Tom Fishburne has humorously 

expressed it in a number of his cartoons, especially in the one named 

’marketing and personal data’. Today the world virtually lives inside a ’filter 

bubble’4. 

Liao, et al. (2011) found that the privacy concern grow as people become 

more internet literate. Past few years have witnessed a steep increase in 

internet literacy and awareness levels; probably a reason why even players 

like Apple, Facebook, Wikipedia, are suddenly paying considerate attention 

to privacy policies. In the year 1890, Justice Thomas Clooney had 

acknowledged that ’recent inventions and business methods call attention to 

take steps and secure to a person the right to be let alone’ (Warren & 

Brandeis, 1890). Stated in response to the technology innovations and 

’yellow journalism’5, it brings out the association of privacy concerns with 

information use in technology. This need for privacy has also been 

acknowledged by the European Union in its adoption of the European Data 

                                                      
4 Filter Bubble refers to a number of personalisation processes taking place on the web which 
decides what content you see, and more importantly, what you don’t get to see. (Schaap, 
2011 
5 Presenting an ill researched news for catching attention; often with exaggerations. 
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Protection Directive (1995) which acknowledges the ’right to be forgotten’6 

as a human right. 

In public opinion and academia, many people have voiced concern and 

amazement about the openness or perhaps the thoughtlessness, expressed 

in the behavior of the users (Albrechtslund, 2008). While these relate to the 

concerns over sharing one’s data, interestingly, Mark Poster (1990) argues 

the opposite. He stresses that today’s circuits of communication and 

databases constitute a superpanopticon, where individuals are not just 

disciplined but take active part in their own surveillance even more by 

continuously contributing with information to databases. Koskela (2004) 

describes it as ’empowering exhibitionism’ or the practice of revealing one’s 

very own personal life; arguing that it engages one in a self-construction of 

identity. Albrechtslund (2008) identifies this ’visibility’ (through 

exhibitionism) as empowerment that turns the power relation in the 

surveillance hierarchy upside down. However, a breach of privacy occurs 

when this public data is processed (along with other collected data) and 

analyzed for various purposes unknown to the user immediately. 

The smart phone revolution brought the internet within the reach of the 

masses. A number of mobile applications are increasingly linking our day to 

day activities to our social networking profiles. This data, along with a lot 

more from other sources, continuously feeds the ever increasing pool of Big 

Data7. The White House Report on Big Data Privacy (2014) examines how 

effective the data collection and pattern recognition could be to, for eg. 

track various illegal activities, but at the same time it also acknowledges 

that it does pose a number of questions about the data handling and its 

appropriate use by various agencies which may lead to infringement of 

legitimate privacy interests of the citizens.  

                                                      
6 This right, put into practice by the European Union, allows an individual to erase all online 
references to any of his actions, or information about any past events, so as to not get 
periodically stigmatized by it throughout his life. 
7 Big Data is a common term referred to a data revolution in Information Technology that 

makes it easy to collect, store and analyze user data online at relatively low costs. 
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2.2.2 Big Data and the Users 

In simple words, any human activity using technology leaves a ’digital 

exhaust’ or a trace data or simply put- a footprint. Like using your phone to 

make a call leaves behind your position coordinates. Broadly speaking, the 

big pool of all these collected footprints is called Big Data. This also contains 

various other information like weather, train information, payments, etc. 

Generally these footprints may not have any apparent or obvious meaning, 

but they start to make sense when combined with other recorded datasets. 

Like for example the number of times a call was made from a specific 

position to a specific number. This information could be processed using 

powerful analytic tools to give greater meaning and context to it while also 

enabling the system to ’predict’ the unknown or missing information in the 

dataset.  

Today, we are already surrounded by a sea of ubiquitous sensors. With each 

advancement, like the advent of the Internet of Things, it is getting easier 

to gather more information and make sense of it. In London, April 2014, 

James Siddle used the open data provided by the Transport of London on 

Bike Share and used it to paint a map of the movements of individual 

customers. He also analyzed the datasets to create movement patterns 

using various filters and also linked them to different activities of the users. 

He claims that it required just one further step to accurately predict the 

identity of the individuals. During the same period, Fergusson (2014) talked 

about the controversial use of ’predictive analytics’ in generating behavior 

patterns of individuals.  

2.2.3 Sensitivity of Location as Data  

The location based services have already come under the scanner and are 

now increasingly being viewed with caution. The James Siddle case became 

a widely talked about event, raising concerns about how, without us 

knowing, our location data could be, as Quartz puts in, ’alarmingly’ used to 

make sense; predicting identities, movements, connections, political beliefs 

or even relationships. Montjoye et al. (2013) found that 4 spatio-temporal 

points, approximate places and times, are enough to uniquely identify 95% 

of 1.5M people in a mobility database. The upcoming Indoor Positioning 

Systems only augment the debate by providing another layer of more 
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precise and accurate location data, detailed down to the floor and room 

description. 

The users care if someone tracks them and gets the history of all their past 

activities (Gu & Lo, 2009). Professor Han, at the department of CS (KAIST, 

2012), has acknowledged that although there is a great demand for indoor 

positioning, there seems to be many issues like privacy protection that have 

to be cleared away before its commercialization. Kjærgaard et. al. (2013) 

found that at large hospitals, it is important to protect location traces 

originating from a device carried by an identifiable person; the reason 

being, that they consider such traces as personal and privacy-sensitive data 

since, e.g. in the case of patients, medical conditions and their severity may 

be deduced from their in-hospital position traces. In the case of a large 

office, the trace data could be utilized to derive employee flow patterns and 

predict their behavior, leading to surveillance concerns. 

2.2.4 Privacy by Design 

Lee and Cranage (2010) have found that personalization coupled with high 

privacy assurance creates significant positive association with a willingness 

to share personal information and intentions to adopt a web based service. 

This highlights the importance of the user experience in terms of the 

perception of ’being in control’ and the assurance for privacy. Gu & Lo 

(2009) state that controlling access to the location information and 

distribution of the information can improve the privacy in IPS. However, in 

the context of a mobile application for navigation and communication at 

workplaces, continuous real time tracking is a basic requirement. 

Unavailability of a person’s location under the search, may result in a loss of 

trust in the system, and hence its failure. 

2.3 Exploratory Research 
As discussed earlier, the indoor positioning systems (IPS) haven’t been 

applied and tested much from an end user point of view. The attempt in the 

thesis is to find ‘what’ user concerns (if any) are associated with sharing 

one’s location in an IPS, in the context of privacy. Since the ‘what’ question 

of this research shall not result in any quantity based answer (like in ‘how 

many’), it renders the research an exploratory nature (Yin, 1994). 
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Exploratory research methodologies are adopted in cases where the 

problem hasn’t yet been clearly defined, often before we know enough to 

make conceptual distinctions or posit an explanatory relationship (Sheilds, 

2013). Without a clearly defined problem and the absence of a certain 

formulated hypothesis or a prior statistical model (Gerontini, 2013) as in 

this case, the results of this approach wouldn’t guide the research towards a 

definite decision. However, in following an exploratory approach for the 

research here, the aim is to rather help gain insights into the situation, in 

order to develop pertinent hypothesis and propositions for further enquiry 

(Yin, 1994).  

Structured loosely to facilitate flexibility, the exploratory approach often 

relies on various qualitative tools (from data collection to analysis) to help 

gain a better understanding of the subject. This helps formulate a more 

precise problem and devise an effective investigation plan. The thesis 

focuses on the end user perspective. Since in this case the information 

sought involves qualitative parameters like values, opinions, behavior and 

social context of individuals, a qualitative approach would prove effective 

(Mack et. al., 2005). As a reference, Juhlin, et al. (2013) explore a range of 

processes and practices of fashion design in order to visualize new 

opportunities in the domain of mobile design (both in interaction and 

product design).  

Qualitative approaches make use of a small set of user group called 

sampling. Since the sampling is small, it is necessary to carefully pick the 

people in a sample. In order to do so, sampling was conducted during the 

user group identification, after having gained a broader understanding on 

the topic during the literature review. 

2.4 Activity Theory 

2.4.1 Context of Activity 

”You are what you do; what you do is firmly and inextricably 

embedded in the social matrix of which every person is an organic 

part”. Bonnie Nardi, 1996. 

A work environment consists of a series of dynamic exchanges of ideas and 

thoughts, both verbal and non-verbal, communicated through various 
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modes. It is one place where individuals exist and behave as a part of at 

least one system and their activities are largely a reflection of the group 

dynamics, modes of communication and other factors. For instance, in order 

to fix up a meeting between two officials, an assistant needs to coordinate 

with them for their availability along with that of the venue. The officials’ 

availability, may depend upon a number of individually applicable factors. In 

order to check the same, the assistant has to contact them but the mode of 

communication may vary as per, for eg., access restrictions due to position 

in office hierarchy or due to technology restrictions (including personal 

expertise), etc. The response actions of the assistant are also guided by the 

code of conduct followed at the workplace, the time taken in the 

communication, etc. Actions are always situated in a context and are 

impossible to study without it (Kutti, 1996; Suchman, 1987). 

Activity Theory (AT) and the concept of activity are particularly suited to 

being used as the starting point in studying contextuality embedded 

interactions (Kuutti, 1996). A conceptual framework, originating from the 

socio-cultural tradition in Russian psychology (Kaptelinin, 2013), AT takes a 

more holistic view of work (Bedny and Meister, 1997); modelling people as 

agents, rather than collection of cognitive attributes. It provides for a 

minimal meaningful context for individual actions to be included as the basic 

unit of analysis: an activity (Kutti, 1996). 

Being more a powerful clarifying tool, than a predictive theory (Nardi, 

1996); the object of AT is to understand the unity of consciousness and 

activity (Kaptelinin, 1996) where consciousness represents the human mind 

(the internal) as a whole and activities (the external) are the human 

interactions with the objective reality. Thus by treating the human mind as 

a special component of human interaction with the environment, it 

underlines the social nature of human mind and its inseparability with 

activity (Kaptelinin, 2013). An activity could be defined as a set of actions 

taken to complete a task (Norman, 2005). They are dynamic, developing 

interaction between actors (’subjects’) and the world (’objects’). In the 

earlier example, the assistant interacts with the other individuals in order to 

arrange the meeting. In the process, he is both a respondent to and the 
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influencer of the environment around him; his actions are both created and 

moderated as per the environment/context. 

2.4.2 Hierarchy in Activity 

Activities are motive directed; transforming an object into an outcome. In 

order to achieve these motives, the subjects take actions which may have 

smaller definite goals. The performance of these actions is influenced by the 

conditions of functioning or the operations (Figure 2). In the previous 

example, to arrange a meeting, the assistant performs a number of sub-

tasks (actions), eg. communicating with the two individuals (the goal being 

to know their availability). These actions are performed in real life as per 

various conditions (operations) like directly calling a person who is 

accessible or emailing the one who isn’t, and so on. It should be noted that 

these hierarchical steps aren’t mutually exclusive but rather influence each 

other.  

 

Figure 2: Heirarchial structure of activity. (Image source: http://www.interaction-design.org)  

In order to understand and to predict the change of people’s behavior in 

different situations, it is necessary to take into account the status of the 

behavior in question: is it oriented to a motive, goal, or actual conditions 

(Kaptelinin, 1996). Kaptelinin says that people are most unpredictable 

under a frustrated motive. Subjects usually tend to adapt a change in 

conditions; say if an official, as mentioned above, would be no more directly 

accessible, the assistant would respond accordingly. A frustration in goal 

calls for the creation of a new goal; if one of the official’s was inaccessible, 

the goal may have changed to how he could be reached, etc. It suggests for 

the thesis to not only look at actions from a larger activity point of view but 

also vice versa. This understanding of clear goals and motives may help to 
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differentiate between immediate actions and larger activities, and thus 

identify appropriate points of intervention. 

2.4.3 Mediation 

An activity refers to doing something for an object. This doing is mediated 

by various artifacts- tools and sign systems that we use. For instance, a 

computer is not the object of an activity, rather a mediating artifact; people 

are not interacting with computers: they interact with the world through 

computers (Kaptelini, 2013). In the example, while the assistant may 

choose the artifact (mode of communication) as per a goal/operation, the 

properties (possibilities and limitations) of the artifact also in turn affect the 

assistant’s actions. Many such artifacts have been designed over the years. 

These artifacts have an evolution of their own which represents the 

’historical residue’ of development of the relationship between the subject 

and the object (Kutti, 1996); transferring social and cultural knowledge over 

the years (Kaptelini, 2013). In other words, this residue contains 

information about its historical usage, conditions of development, 

interactions etc. which may help answer why a certain artifact was used and 

in what ways did it affect the action or the overall activity. This information 

shall be useful in designing the new system. 

2.4.4 Inclusion of Community 

Kutti (1996) states that a subject-object relationship is too simple to fulfil 

the needs of consideration of systemic relationship between a subject and 

his environment. Based on Engeström’s (1987) conceptualization, a third 

element of ’community’, that includes all those who share the same object 

in an activity, was added, thereby changing the structure of activity to as 

shown in figure 3. 

It introduces two more relationships: object-community and community-

subject; both mediated. While ’rules’ mediate the relationship between a 

subject and the community, denoting norms and social relations; division of 

labor represents the organization of the community with a common 

objective to produce an outcome. In the earlier example, the roles of 

officials and the assistant (along with their duties) represent the division of 
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labor, while the difference in the roles (hierarchy) define the norms for 

communication/relationship. 

                       
Figure 3: Engeström’s activity system model (Image source: http://www.interaction-design.org)  

2.4.5 Implications 

With its emphasis on society, culture, and development, AT helps capture 

the context of use, for it to be applied in the design, evaluation, and 

deployment of interactive technologies (Kaptelinin & Nardi, 2006). It does 

not reject the formal models of users and tasks, but rather extends the 

scope of analysis beyond low-level interaction; an extension considered by 

some researchers as perfectly consistent with the need of the field to move 

“from human factors to human actors” (Bannon, 1991). Looking at the 

problem definition from the point of view of AT, ’looking up’ or searching for 

a person becomes an action for a larger activity/motive. This action is 

interrupted and influenced by multiple mediators resulting in a delayed 

outcome, hence resulting in a loss of time and resources. The question 

about one’s privacy acts as the ’rule’ that mediates the relationship between 

the subject and the community and also affects the outcome. 

Adopting an activity-theoretical perspective has an immediate implication 

for design: it suggests that the primary concern of designers of interactive 

systems should be supporting meaningful human activities in everyday 

contexts, rather than striving for logical consistency and technological 

sophistication (Kaptelinin, 2013). It points to studying the hierarchy in 

activity. The differentiation between an activity and an action may open up 

a scope to introduce sub tasks catering to alternate goals arising out of the 

frustrations developed in former goals.  
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Mwanza (2002) has proposed an Activity Oriented Design Methods (AODM) 

toolkit that provides methodological tools to investigate a scenario from 

activity point of view. Largely iterative, it helps designers generate insight 

for further studies and refinement” (Greenhow & Belbas, 2007) and thus 

stands fit to guide this explorative study. AODM provides guidelines (Figure 

4) to generate investigation questions. It proposes an ’eight-point model’, 

based on the Engeström structure of activity, which helps to identify and 

translate components of the activity on to the scenario being investigated. 

The toolkit also proposes to break down bigger activities in smaller actions 

and provides a technique to visually map the operational process of the 

activity. These guidelines and design methods influenced the research 

study. While the eight point model and the technique of research question 

generation helped during the case studies, breaking the activity into smaller 

tasks and mapping the operations aids in its analysis.  

 
                   Figure 4: Maanza’s guide to generate research questions (Maanza, 2002).  
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Chapter 3 
 

Methodology 
The following chapter is divided into two parts coresponding to the two phases in which 

the thesis was conducted. Organized according to how the process took place, each part 

shall provide an introduction to the methods and tools used during the phase, along 

with the details of their application. 

 

Redström (2006) proposes an exemplary design research to consist of three 

steps: (1) formulation of a program, often starting through extensive 

exploration of the qualities of the material at hand – be it electricity, 

interactive textiles or systems, (2) realization of the program through 

design experiments – exemplars, and (3) finally articulation of the 

experiments through reflection (which may lead to a reformulation of the 

overall program). He stresses that in a ’designerly’ research exploration, of 

key importance is to let the particular exemplars both explore possibilities 

and inform the overall research program so as to say, through the actual 

design process, the key knowledge is gained. 

Broadly structured in line with the above, this thesis is divided into two 

phases: Phase 1- analysis and design, Phase 2- research and explorations. 

The first phase includes the pre studies and design, starting with a need 

analysis and research. It shall attempt to gain a deeper understanding of 

the identified need and the ecosystem around it. This analysis shall help 

structure the brief and hence guide the solution design. In the second 

phase, a prototype of the proposed mobile application shall be used to 

explore the key research questions. The methods and tools used during 

each of these phases are described as under.  
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Phase I: Analysis & Design 
The first part of this chapter coresponds to the Phase 1 of the project. It provides the 

details of the processes and methods followed during the initial research phase which 

shall help focus and define the brief, leading to the design of the indoor positioning 

mobile application. 

3.1 Literature Review 
The use of smart phone based indoor navigation systems in commercial 

applications has just begun. Thus, currently the available research data is 

more or less conceptual in nature and have not yet been thoroughly tested 

in real time use scenarios. Also there lacks a complete model for evaluating 

user trust in positioning systems; existing literature evaluates accuracy 

based only on the system and does not take into account user response 

(Bell et al., 2011). There are examples of researches but they focus 

primarily on the technical part of the system like indoor positioning using 

RFID (Nakad & Saab, 2011) or the indoor inertial navigation systems using 

accelerometer and gyroscopes (Serra et al, 2010). Even the conceptual 

model as proposed by Bell et al (2011), considers primarily the adoption 

based on positioning calculation, quality of data, reliability and credibility, 

etc.  

From the point of view of understanding the context of privacy, researches 

(e.g. Liao et al, 2011) (Fogel and Nehmad, 2008) guided the understanding 

of the human perception of risk factors in sharing personal information over 

web communication platforms. While academicians debate the risks in 

sharing one’s personal information, Koskela (2004), as discussed earlier, 

argues that there is a sense of empowerment achieved through sharing this 

data (or exhibitionism). Albrechtslund (2008) further talks about its 

enhancement by combining subjectivity and mutuality along building an 

understanding of the social media as a sharing practice rather than an 

information trade. Curiously, in both the cases, an essential common 

element is the presence of personal control over what information one 

wants to share and what not, which perhaps lends a sense of trust in the 

system. However, any qualitative or quantitative comparison of the human 

response and behavior in these conditions was found conspicuous by its 

absence. These research and pieces of information provided the base to 



Methodology 

 23 

start the thought process, but before moving on to the design, it was 

important to identify the target user group and gain a deeper insight on the 

identified need by studying them in a real life scenario.  

3.2 Defining the User Group 
The proposed indoor positioning solution is to be designed for people 

working at an indoor workspace. A term, ’Knowledge worker’ was 

introduced by Peter Crucker (1959), as one who works primarily with 

information at workplaces, or someone who ‘thinks for a living’ (Davenport, 

2005); for example scientists, doctors, architects, lawyers, software 

engineers, public accountants, teachers, and others. The thesis shall refer 

to this term to identify the user group as any person associated with an 

institution, whose job is to use his thinking for problem solving. Reinhardt, 

2011, differentiated the term from other forms of workers by defining their 

primary task to of problem solving that often involves both divergent and 

convergent thinking. This definition allows for taking into account activities 

(and people associated with them) that change with time, based on various 

factors that play at the specific work environment. In addition to this, in the 

context of the project, a criteria is further added, that the person should 

work either as a direct or indirect part of a team, a pre-requisite that would 

make him a part of a hierarchy of official roles where reporting to someone 

and/or supervising someone would become a part of the job.  

Although a healthcare environment is a type of work place, but its code of 

conduct differs majorly from the others. This is primarily because of the 

restrictions and obligations introduced owing to the sensitive nature of the 

jobs directly related with patients. Thus, for a better understanding of the 

needs, and to accommodate any specific requirements, the thesis shall 

differentiate this specific user group of medical professionals (the clinical 

staff) at a hospital from the others (the service staff), thus identifying two 

user groups- the medical professionals and other knowledge workers. 

3.2.1 Medical Professional (Immediate) 

Since the primary context for the project is a hospital scenario, the medical 

professionals, by default, became the immediate user group. This user 
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group constitutes the clinical staff and includes any medical graduate, 

working at a medical institute and directly associated with the patients 

(through the practice of medicine and healthcare). This includes senior 

doctors, junior doctors, specialists, consultants, senior nurses and junior 

nurses. It shall however exclude the service staff – receptionists, 

administrators or facilitators who are not directly linked to the patients. The 

users in this group work in a hierarchical manner with changing roles (and 

also people associated with them) as per shifts, especially in the patient 

care units. 

3.2.2 Other Knowledge Workers (Extended) 

The service staff at the hospitals along with people working at other 

workspaces (also under the scope of the project) shall be the second focus 

area and thus form the extended use case. In line with Reinhardt’s (2011) 

definition, this user group shall include those users whose daily job involves 

processing information and data that is subject to change because of 

various factors at play like time and contextual situations, which would 

include: 

1. A person working in an educational institute 

2. A researcher, supervisor or a coach in a lab of a research institute 

3. A corporate employee or a consultant  in an office space 

4. A coordinator, secretary or manager 

3.3 Case Studies 
In order to provide an appropriate response to the problems identified 

earlier in the project, it was imperative to investigate not just ’what’ 

problems or concerns exist, but also the reasons behind them, or as Yin 

(1994) describes, the ’why’ part of the question in focus. Here, case study 

was considered as an appropriate investigation method, since the thesis 

addresses the ’why’ question about contemporary events over which the 

researchers have no control (Fang et al, 2010; Yin, 1994). A case study is a 

research tool to gather requirements with a focus on observing any 

phenomena in its original context [...providing it a meaning]. These would 

help understand the use case scenarios with a hope to inform the design 
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part of the project and also to document the process that lead to the 

proposed design (Lazar, 2010). The observational studies conducted earlier 

during the clinical immersion exercise at KI, had resulted in the formulation 

of an initial line of inquiry, which could serve as a theoretical framework to 

guide the data collection and analysis (Yin, 2003b). This initial line of inquiry 

was further sharpened by literature studies. Since an initial line of inquiry 

was available, semi structured interviews (3.9.3) would serve as a good 

source of evidence for the case studies (Yin, 1994). They allow a free flow 

of questions providing flexibility in the investigation as an advantage. The 

initial line of inquiry anchored the investigation along with AODM (2.4.5) 

which provided general guidelines to streamline the research questions. 

For the case study in line with the user groups discussed earlier, a number 

of users were identified. Two senior doctors, one junior doctor and two 

nurses working at KI, along with three knowledge workers associated with 

different organizations (Ericsson, KTH) were studied for their activities on 

an average, typical day. Attention was paid on the smaller sub tasks that 

form a larger activity like arranging a meeting, finding a specialist doctor for 

advise, etc. and the conditions of their operation. The AODM eight-point 

model (Figure 5) helped identify the components of the activity like tools for 

communication, information transfer, technology being used (or not), the 

key players associated with it, etc.  

     
        Figure 5: Maanza’s Eight Point Model to identify activity components (Maanza, 2002).  
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3.3.1 Data Analysis 

A large amount of data (facts and observations), was collected during the 

case studies. It had to be organized and arranged in a way that it starts to 

make sense; to analyze it and be able to derive any conclusions out of it. 

The data was first organized in a sequential format maintaining a clear 

chronological chain of events. It was represented in the form of a day-in-

life-of (DILO)8 cycle (Figure 6,7). The DILO chart highlighted the activities 

being performed. Any strategic piece of information including any pain or 

choke points in the cycle were identified and noted.  

            
              Figure 6,7: DILO cycle of two case studies- a doctor and a knowledge worker.  

These choke points were further investigated with an action/goal focused 

approach. This could be understood with the help of the operation mapping 

for activities, as shown in figure 8-9. The two depicted mappings are: 

community-tool-object and community-division of labor-object relation 

respectively. The first case analyzes how the use of tools within the 

community affect the object. At hospitals the use of a pager was observed 

to ensure maximum reach, despite that the users were not happy with it for 

various reasons. At one MNC, people used an official communication (chat) 

software that also displayed their status and location, but people rarely 

changed/modified it and thus the system fails to work as expected. The 

second map questions how the division of labor in the community influence 

the subject to achieve his goal. It was observed that at times due to heavy 

                                                      
8 Used extensively in professional environments, DILO is a chronological representation of 
the activities performed by any subject during a typical day. It highlights the activities that 
are being performed, the way they are being performed and the factors affecting them. This 
helps to study their effectiveness and hence identify any choke points. 
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work pressure, people remain inaccessible. These observations and notes 

gathered from all the case studies combined, were organized into groups 

with identical relationships, for analysis. A single observation was noted on 

a single piece of paper. These notes were arranged in groups, based on how 

similar their content was perceived. Each such group was marked with a 

colored sticky note. This method of analysis is referred to as Affinity 

Diagrams.  

                             
                           Figure 8,9: Two operation mappings during the case studies.  

Devised by Jiro Kawakita (1960) this is an analysis tool used to organize 

pools of data generated during any qualitative research. Affinity diagrams 

help in grouping data under similar heads, based on their natural 

(perceived) relationship. This method was considered appropriate to aid the 

design process of the project since it helps derive common patterns out of a 

data. The packeting of data into smaller groups also helps understand the 

hierarchy of its organization while also guiding the research towards the 

brainstorming phase. 

The case studies helped to structure the design brief. For instance, it was 

observed that primarily mobile phones were being used over any other 

medium because of the convenience factor associated to them. Although 

they do provide the advantage of a direct and instant access, other 

components of the activity system tend to limit their usage. For instance, as 

per the studies, people in a higher hierarchy, especially when they are busy, 

may find the number of calls to them and their timing as ’inappropriate’ to 

be answered (mediating ’rules’ and ’division of labor’). At the same time, 

these unanswered calls create frustration for the caller as well. Since the 

person is inaccessible, the goal now may change to know the location of the 

person and/or the time when he shall be free. Failure in reaching the other 

person further leads to time wastage and frustration.  
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In accordance to the HCI design process workflow, the next step is to define 

the persona sketch of the prospective user and the conditions of use. 

3.4 Persona and Scenario 
Widely used as a key element in design exercises, a persona, or a fictious 

user (Cooper, 1999), is an approach to gaining a deeper understanding of 

the user’s mental models and behavior. It does not look at the entire 

person, but uses the area of focus (of the problem) as a lens to highlight 

the relevant attitudes and the specific context associated with the area of 

work (Nielsen & Lene, 2013). Cooper (1999) states that a persona develops 

a precise description of the user and what he wishes to accomplish. In the 

process, it underlines the task or the goal of the user, while also 

highlighting the skill levels, desires, needs and feelings of a hypothetical 

individual.  

The primary intention behind creating a persona for use in this thesis was to 

maintain the perspective of the users and their environments during the 

design phase, in order to guide the imagination. The moment the designers 

begin to imagine how a possible product is to be used by a persona, ideas 

will emerge (Nielsen & Lene, 2013). It was considered appropriate to evoke 

empathy with users and prevent in projecting any self needs and desires 

onto the project (Floyd et al., 2008).  

The research community, however, is divided over the source of data for 

persona creation. A criticism to the approach of personas includes the 

uncertainty over the relationship between fact and fiction and that it 

prevents designers from meeting the actual users. In order to counter 

these, the personas in this thesis were created after researching the user 

groups, including personal interactions, as discussed earlier under case 

studies (3.3). Moreover, persona creation was driven by the qualitative data 

so collected about the user and the use case to anchor it further with the 

real picture.  

Once the persona is defined, it is then placed in a context and provided a 

set of activities which conclude in an end result. An engaging narration of 

this is referred to as a scenario. While a persona defines the skills, 
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aspirations and emotions of a persona, scenario talks about an activity or an 

action and the way it is accomplished by the persona, along with a concise 

outline of the factors affecting it. It was developed in accordance with the 

goals as identified from the case studies, and with an aim to evoke the 

aspired empathy. An attempt was made to have a description that lets the 

reader imagine a real person, understand this person’s needs and desires, 

and predict the person’s future actions (Nielsen & Lene, 2013). The persona 

and the scenario sketches so developed are discussed as under. 

3.4.1 Medical Professional 

Anna, 34, is a senior nurse at a big multispecialty hospital in the heart of 

Stockholm City. On a typical day, she cares for six patients along with two 

doctors and two assisting nurses. Not being a tech savvy person, she owns 

a basic smartphone but uses it primarily to make calls during her shifts. The 

one thing that she wishes every day is to have a calm, quiet lunch, if she 

can. A humble and caring person, she helps everyone around her and 

usually ends up spending more time at hospital than her shift. By the time 

her shift ends, she gets very tired and heads straight to her house to her 

two kids. At times, even at her home, she receives calls from the hospital 

for assistance.  

One day (Figure 10), while on her daily rounds, she encountered a unique 

condition with one of the patients. Since it involved the health of the 

patient, in order to make an informed decision, she chose to seek advice 

from a specialist. So she called up the doctor, but the call went 

unanswered. She then sent him a page and waited for another few minutes. 

Having received no reply, she started to look around for the doctor herself. 

On her way she asked her colleagues in the other wards, but they too had 

no clue about him. Finally she had to call up a general doctor to inquire 

about the condition. He gave her an interim advice based upon his expertise 

and requested her to cross check it with the specialist when he is available.  
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       Figure 10: Persona and Scenario illustration for the user group of medical professionals. 

3.4.2 Knowledge Worker 

Alex, 32, is a business manager at a renowned multi-national company. He 

believes his life is organized only because of a calendar application which he 

uses on one of the three smart phones that he carries. He is responsible for 

the workflow management of his projects and acts as the scrum master for 

his team. His office is in a big building where he supervises five consultants 

in different departments inside the building, while also administering a 

number of projects. At times, he switches off his mobile phones just to get 

some time to sit and read in his room. As soon as he leaves the office, he 

switches off two of his three phones. 

One day (Figure 11), due to an unexpected event, work situation in one of 

his projects changed a bit leading to a halt in the project sprints. He needed 

to arrange an emergency meeting with his consultants to take appropriate 

decisions in consultation with all. Although he usually prefers emails for 

communication, since the event was urgent, he gave them a call. Only two 

consultants replied back. He then sent a text message along with an email 

to the rest. One more consultant replied back. Having still not heard from 

the other two, he checked the office management software which showed 
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their status as ’available’. This only added to his frustration. He started out 

searching for them physically but it was very hard to locate them in the big 

office. In the end, his meeting had to be postponed for about an hour. 

          

     
     Figure 11: Persona and Scenario illustration for the other knowledge worker user group. 

3.5 Design 
The case studies had already shown that users usually prefer directly 

reaching the other person through phones, owing to the convenience factor 

associated with them. This guided the design brief towards breaking up 

activities into sub-tasks that are simpler and more convenient, while also 

provide for alternate goals in case of any contradictions. Oxford defines 

’convenient’ as something that fits in well with a person's needs, plans and 

goals. In the scenario sketch for Alex: 

1. Activity: To arrange a meeting and make a decision. 

2. Need: To communicate urgently/instantly. 

3. Actions: Make a call, send message, email, look up manually. 

4. Condition/Contradictions: unavailability of consultants.   

Thus for a convenient activity, ’actions’ taken should serve the ’needs’, 

while aiding in the successful achievement of the ’goals’. However, in HCI, 

the ’convenience’ of this process, is also determined by how the actions 
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take place, the time spent and efforts required to complete the action, any 

failures and their rate of occurrence, etc. (operation). 

In the given scenario, although Alex could instantly call up his consultants, 

but few of them were out of reach, which resulted in a failure to 

communicate. Since sending a text message and an email too didn’t return 

any feedback/response, it may also be termed a failure as the aim was to 

communicate instantly. Due to these failures, the task (of organizing the 

meeting instantly) was delayed, while also wasting Alex’s time and adding 

to his frustrations. All these factors together contributed to ’inconvenience’ 

in the process. It should be noted how the actions/tools of the 

communication change as per the conditions (operations). Thus keeping the 

overall activity the same, a number of tasks (actions) are being performed. 

Since the tasks shall need to be accomplished through the proposed 

mediating tool (the mobile application), it becomes important to understand 

them in relation to it. 

3.5.1 Task Flow 

Central to the system design in HCI is a clear understanding of what users 

actually want to do; what are their tasks and what are their nature (Crystal 

et al., 2004). In addition to failures, inconvenience or inefficiency may arise 

out of the differences in the mental model9 of an activity and how it is being 

performed. To understand the user’s mental model the classic card sort 

method was adopted; a low tech method to arrange information in groups 

or structures that a user is familiar with (Nielsen, 1995). It is widely 

considered an effective method to design information architecture. Five 

potential users of the application were identified and picked up from among 

the fellow CTMH fellowship holders at KTH and were asked to arrange a set 

of key words (tasks and functions) into groups based on their perceived 

similarity. They were also asked to name the groups if they so wished. This 

provided an understanding of how people perceive the hierarchy of tasks 

and thus, to design a clear navigation. The aim was to keep the tasks 

minimalistic and ’intuitive’.  

                                                      
9 A Mental model is a description of how a user perceives the real-life existence and working 
of something. 
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3.5.2 Conceptualization 

The design evolved with a view on both activity and the subsidiary actions, 

keeping in mind the goals and the motivation (refer 2.4.2). Interpreting the 

’convenient than calling’ idiom, the solution could be thought of in two 

forms. In the first one, it could be faster than calling, while in the second it 

could be more successful (in terms of reaching people) than calling. This 

could be achieved by breaking up the activity into a number of sub-tasks 

catering to different goals. For instance, it was observed during the case 

studies that not all calls get answered and the unanswered calls add to the 

frustration of the caller. This lent an element of uncertainty, about the 

availability of the person, while the callers were not able to organize 

themselves accordingly.  

As a solution the system was visualized in layers of contextual information. 

Each layer enhances the contextuality of the previous one, combining the 

location data with time and availability status in real time. Figure 12 

illustrates three such layers in the system. The first layer provides the 

status of the person as busy or available. The second layer with the location 

data adds further context to status. While the third layer defines the 

accessibility to the person.  

The aim is to increase the work efficiency by reducing time wasted in 

looking up for people and the frustration involved with it. The above layers 

of contextual information caters to smaller goals by informing people and 

allowing them to organize themselves accordingly. For instance, Alex can 

instantly see if his consultants are available or not. If anyone is busy, he 

could look at his location (and make sense of his status). If he is busy in an 

important activity, Alex may act accordingly and consider postponing his 

task (or something else). If they are all available, he could instantly give 

them a call or message them. At the same time, the app makes an attempt 

to highlight if a person is busy by restricting direct communication through 

the application, thereby considering the receiver’s side of the 

communication as well. 
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                  Figure 12: Illustration depicting the solution as three layers of context. 

The concept of these layers was converted into wireframe options. These 

wireframes were shortlisted and made into paper prototypes for quick initial 

user feedback. The five users who were earlier involved in the card sorting 

exercise were provided with these paper mockups and were requested to 

provide their feedback. The intention was to make the final test prototype 

free of any logical errors which may affect the results. The feedbacks 

providing critical initial responses and pointed to existing usability issues. 

After two rounds of iterations, the final prototype that matched most of the 

requirements was finalized. This version of the prototype was converted to 

a finished hi-fi prototype (not fully functional) to be used for testing 

purpose. 

3.6 Key Features 

3.6.1 ’Status’ Feature 

The most basic feature of the app is the status feature where a person, at 

his workplace, may choose to be available or busy. This status also defines 

the accessibility of the user. People with ’available’ status could be directly 

called up using the app while busy people are only partially available as the 

app does not provide a direct ’call’ feature. As mentioned earlier, these 
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accessibility restrictions cater to the side of the person being searched for 

(Figure 13-15). A time limit of 30 minutes was fixed for the busy status. 

This means that after 30 minutes of being in ’busy’ mode, the status 

automatically changes to ’available’. This was to ensure trust value in the 

system if users fail to update their status. 

3.6.2 ’Go Invisible’ Feature 

As a test element, this design feature was added in the application to 

enhance the sense of user control over privacy. When activated, the user 

shall disappear from the system for a short duration and his location shall 

no longer be publicly visible. By default, the time to go invisible was kept 

fixed as 5 minutes, post which the user automatically goes back to being 

visible. The invisibility was kept fixed for a short duration to maintain trust 

in the status feature; demotivating people from knowingly or unknowingly 

using the invisible feature for too long. It shall also be used as a test for 

measuring privacy concerns and to evaluate its need through user’s 

feedback (Figure 15). 

       

Figure 13,14,15: Profile screens indicating the user status as available, busy and invisible 

respectively. 

3.6.3 ’Location Search’ Feature 

The second feature enables a user to locate the other person within the 

office building. An extension to the status feature, it provides a better 
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context and meaning to status, and hence, allows users to better organize 

themselves, while also increasing the trust factor (Figure 16-17). 

3.6.4 ’Who Searched You’ Feature 

A design element, this feature is basically a search log where a list of people 

who searched for a user shall be visible to the user. That is if Alex, through 

his app, searches for Tommy, he shall be notified about this activity along 

with the time of search and the location from where Alex searched him. By 

combining the time and location data with the search log, it provides a clue 

of the urgency of the mater and thus allows users to accordingly get back to 

them. Also, by letting users know who checked out their location and how 

many times, this feature also attempts to counter any perceived 

surveillance concerns.  

             

                 Figure 16,17,18: Three of the final screens developed for the prototype. 
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Phase II: Research & Exploration 
The second part of the chapter describes Phase II of the thesis. It focuses on the post-

design research, testing and evaluation. 

3.7 Between Subjects Design 
In order to validate the research questions, the exercise basically included a 

simple task of using the mobile application for validation. It has been 

empirically proven (Dillon, 1996) that simple tasks involve smaller individual 

differences. Moreover, only two variable conditions were involved- one that 

of a sense of enhanced privacy and the other without it. These reasons 

make a good case for the choice of a ’between subjects design’ (Lazar, 

2010).  

In a between subjects design method of experimentation, or ’between 

groups design’, each participant is exposed to just one experimental 

condition. Thus, the number of experiment conditions (as per the variables) 

defines the number of participants. There were two test conditions- one 

with more privacy preseving features than the other. Both the test apps 

opened up with a privacy disclaimer message. In the lesser privacy 

condition, it clearly mentioned that the user location data along with other 

information would be used by the app as well as third party services while 

the other version clearly stated otherwise. The app with the higher privacy 

condition contained the ’go invisible’ feature which allowed the users to go 

invisible for 5 minutes, along with a ’search log’ feature which displayed a 

list of people who had ’serached’ for the user via their app. While in the 

other app there the only privacy preserving feature was that of access 

restrictions (no direct calling through the app) based upon the status of the 

person.  

A total number of eight participants were recruited for the qualitative tests. 

They were divided into two groups of four, each being assigned to one test 

condition. Although this method gives the biggest advantage of the learning 
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curve being reduced, it leaves scope for a number of bias to set in. In order 

to reduce the bias due to individual differences (owing to confounding 

factors like gender, age, internet experience), an attempt was made to keep 

the two groups as similar as possible and with equal representation from 

both the persona. In addition to this, randomization and ’blinds’10 were 

adopted while assigning task conditions to the participants.  

3.8 Test Design 
The overall test consisted of four parts- briefing, prototype exploration, 

follow-up investigations and debriefing. The first round, briefing, was 

intended to make the participants comfortable with the test conditions and 

to take due permissions from them to continue the tests. The next round 

was a self-exploration round where the participants were to experience the 

mobile application prototype. Post this, a follow up investigation that 

included semi-structured interviews and formation of a semantic differential 

was conducted. These were followed by a debriefing round, marking the 

conclusion of the test. 

3.8.1 Observations 

Observations, or studying users from a distance as they perform their tasks 

(Preece et al, 2002), helps determine user behavior and distinguish patterns 

and other design relevant activities (Foraker Labs, 2012). Lazar (2010) 

suggests to combine observations with semi structured interviews for a 

better analysis. These reasons coupled with the empirical nature of the 

research, suggested the inclusion of observations as a part of the analysis. 

The aim was to aid in the identification of any missing links to the 

qualitative data collected. Attention was given to how the participants 

interacted with the system, in order to identify any verbal or non-verbal 

dialogues between the user and the system (Mild et al., 2013) and hence 

understand user response. 

                                                      
10Oxford defines a ’blind’ or a blinded experiment as an experiment in which information 
about the test that might lead to bias in the results is concealed from the tester, the subject, 
or both until after the test. The bias may not be intentional. If both tester and subject are 
blinded, the trial is a double-blind trial. 
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3.8.2 Think Aloud 

The results of an observation are basically conclusions that have been 

derived out of identifying patterns in the ’observed’ behavior of the 

subjects. Since they are derived from ’observations’, the results may 

include some implied quotient (things that may not have been explicitly 

conveyed to the observer), creating a risk of bias in the results. Moreover, 

there are possibilities for the observers to fail to capture parts of the 

thoughts and feelings of the subject, unless they are made explicit. Thus, 

think aloud technique was used to reduce or limit any bias arising out of any 

implicit understanding or missed data. Introduced by Clayton (1982), this 

method is widely used in usability testing exercises to gather data. It was 

used during the tests, wherein the users were asked to think aloud, or 

speak out loud whatever they are thinking, seeing, doing or feeling while 

trying to complete a given set of tasks. These were duly noted without 

including any interpretations. 

3.8.3 Lab Setup 

For the tests, a work environment setup was chosen at KTH Flemingsberg 

campus. The laboratory was set up with two test cameras. The first camera 

documented how the participant interacted with the screens while the other 

camera focused on his facial reactions and expressions in response to the 

interactions with the prototype as well as the follow up questions to be 

asked. The conversations were also voice recorded. 

3.8.4 Choice of Participants 

While selecting the participants for testing, equal weightage was given to 

both the persona types as identified earlier. In total, 8 participants were 

recruited for these qualitative tests. Four of them were medical 

professionals- a consultant, two senior doctors and one junior doctor. The 

other four were knowledge workers of which two were associated with 

educational institutes and the other two were working for multi-national 

companies. All the chosen participants were offered two movie tickets as a 

gratitude for their time and also to motivate them to participate in the 

tests/interviews voluntarily. 
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3.9 Test Proceedings 

3.9.1 Briefing 

Before the commencement of the tests, the participants were briefed about 

the overall procedure, including time required, risk conditions, etc. The 

purpose and functions of the application and limitations of the prototype to 

be tested were explained thereafter. The participants were also very clearly 

conveyed about the video and audio recordings and their purpose. Once the 

briefing was complete, they were asked to sign a general consent form and 

proceed to the ice breaking task. 

At times, subjects who are new to the think-aloud method, find it hard to 

understand and this may affect the research as some thoughts and 

reactions of the user may skip being evident or explicit. Thus an initial ice-

breaking test task was conducted to familiarize them with the think aloud 

method and also with the test settings. 

3.9.2 Prototype Exploration Phase 

Once the participants felt comfortable, the test moved to the prototype 

exploration phase. They were requested to randomly pick one of the app 

shortcuts visible on the screen of the mobile phone that was provided to 

them for the test. This was required to maintain randomization and blinds in 

the experiment; an attempt to check on any bias. Having assigned a 

prototype, the participants were asked to imagine that they were sitting in 

their own workspace, and then to browse through the given mobile 

application. They were asked to visualize its use in their respective context, 

trying to understand the application and respond to what it had to offer. If 

they would get stuck at any point, they were asked to try resolving it until 

they don’t see any option left. The participants were asked to use the 

application till the point they were sure that they have thoroughly browsed 

through it. At the end they were reminded to keep thinking aloud while 

interacting with the application (Figure 19-20). 

While the participants browsed through the application, they were audio and 

video documented. They were observed from a convenient distance for their 

general interactions and response reactions while taking continuous notes. 
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    Figure 19,20: Camera grabs of the user testing process from the two installed cameras. 

3.9.3 Follow Up Investigation - Semi structured interviews 

Once the participants had thoroughly gone through the application, the 

tests moved to a semi structured interview phase. Although this method 

requires the use of a questionnaire for the investigation, the interviewees 

are free to elaborate on any of them, hence combining the advantages of 

both a structured and a non-structured interview method. So while the 

interviewee’s comments steer the conversation, it is anchored by the 

defined line of inquiry.  

Owing to the explorative nature of the thesis, this method was considered 

appropriate, as it provides flexibility for new questions to be brought up and 

to accommodate new insights. This opens up the possibility of exploring 

topics in a larger depth and breadth (Lazar, 2010). Semi structured 

interviews were used as a source of evidence in both the phases of the 

project (3.3). While in the first phase, it helped in the detailed analysis of 

the context, in phase two it was used to investigate the concerns as 

associated with the use of the system (as identified in the research 

questions).  

Interviews though, may be affected by various bias. In order to reduce the 

probability of a bias due to poor recall, the interviews were thoroughly 

documented. Not relying on the memory (Bernard, 1988), notes were taken 

during the interview and they were video and audio recorded. The 

interviewees were duly asked for their consent before the recording to avoid 

any form of discomfort (and hence another bias) to them. Moreover, care 

was taken to appropriately ask the interviewee to propose their insights on 
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occurrences (especially during the validation phase) in order to encourage 

them to act more like an ’informer’, than just a ’respondent’ (Yin, 1994).   

A questionnaire, in the form of a number of statements, was provided to the 

participants. They were asked to rate these statements on a 7 point scale, 

ranging from Strongly Agree to Strongly Disagree, 4 being the neutral or 

zero point. Thus, the further one went towards a side, the more the 

inclination towards that respective option. While rating these statements, 

the participants were free to elaborate their thoughts and opinions on each 

one of them, relating to their experiences during their interaction with the 

application. Based on their responses, follow up questions were added as 

the interview proceeded.  

3.9.4 Follow-up Investigation - Semantic Differential 

Post the interviews, in order to gauge the participants’ attitude inclinations 

towards the prototype, a Semantic Differential was prepared. Eagly and 

Chaiken (1998) define attitude as ’a psychological tendency that is 

expressed by evaluating a particular entity with some degree of favor or 

disfavor’. It was considered that these attitudes may help provide another 

layer in the understanding of user perceptions by comparing them with the 

findings of the previous methods; and hence to derive the degree of favor 

or disfavor towards it. 

Devised by Osgood (1969), the differential helps derive these attitudes by 

measuring the connotative meanings associated with words (more often 

adjectives) that describe any object/product. The test participants were 

provided with a set of bipolar adjectives that would describe their 

experience with the application, for e.g. professional-unprofessional. They 

were requested to mark their inclinations between the two adjectives in the 

pairs on a seven point scale, 4 being the neutral or zero point while both 

ends being the extreme. Osgood (1969) derived that these adjective pairs 

majorly fall under three factors- evaluation, potency and activity. The aim 

of the tests is to evaluate the system, especially in context to privacy 

concerns. Potency gauges the strength of evaluation while activity gauges 

its active-passive state. For instance, of the chosen adjectives, 

’professional-unprofessional’ evaluates the system, while ’accepting-
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rejecting’ indicates its strentgh or potency; ’discouraging-motivating 

indicates its activity state. Once completed, an attitude mapping was 

generated by juxtaposing the participants’ connotations. 

3.9.5 Debriefing 

As a part of the debriefing, the participants were asked a few concluding 

questions and then to fill up a general demographic form. 
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Chapter 4 
 

Results  
The following chapter shall present the results obtained from the tests conducted during 

the research (as have been described in the previous chapter). 

 

4.1 Demographics 
The eight participants were in the age band of 32 to 48 years with an 

educational background of graduate schooling or above. Their job profiles 

(in terms of placement in the hierarchy) ranged from lowest being that of a 

researcher to the top being a senior doctor and negotiator (management). 

On an average, they had already been using location based services like 

Google maps, Google earth and car based GPS systems for about two years. 

Three of them even used specialized location based applications like 

Glympse, Genzo, Jolfappen and others for activities like hunting, etc. 

4.2 Obervations and Responses 

4.2.1 General Attitude 

In terms of general attitude, with the exception of one participant, all the 

others were very enthusiastic about trying new and different products. Six 

of them were also comfortable in trying out new things that they considered 

’risky’. One of the participants had very frequently experienced incidents 

whereby some service provider had used his personal information without 

his authorization. Four of them had experienced it at moderate frequencies, 

while three participants rarely had any experience (Figure 21). Talking of 
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being the victim of what is considered an improper invasion of privacy, 

almost everyone had experienced it quite often. Not surprisingly, during the 

last year, each one of them had gained moderately high knowledge, or had 

read/heard about the use and potential misuse of consumer’s personal 

information without consumer’s authorization by some service provider.   
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Experience Frequency Played Victim General Awareness

 

 Figure 21: Personal experiences, privacy infringement incidences against the awareness levels. 

Regarding the prototype, everyone acknowledged that they feared there 

could be some privacy risks associated with the application, but in general 

they were more positive about the risks being mild, except for two of them 

who felt that there could be moderately high risks involved in sharing their 

details (personal details along with the location data) to the application. An 

almost direct relation was observed between the perceived risks from the 

system and the general risk taking attitude of the participants (Figure 22).  

        

1

2

3

4

5

6

7

User 1 User 2 User 3 User 4 User 5 User 6 User 7 User 8

Perceived Risk Factor Risk Taking Attitude

 

      Figure 22: Perceived risk factor with the app usage, against the general risk taking attitude. 
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4.2.2 Location Sharing 

In general participants were comfortable in sharing their location data. Two 

of them simply didn’t care if their location was being shared since it was 

necessary for the use of the application. A few of them, although 

comfortable, had reserved concerns. One of them wondered about the 

future impact of the sudden availability of currently non-existing data like 

footprint patterns of an employee inside the office. He argued that the 

availability of these patterns to the management team may create unrest in 

the employees, where they may start to feel continuously being spied upon, 

and eventually may lead to a distrust in the system.    

A second participant did not wish for the location data to be documented 

and stored but was comfortable with the location being relayed continuously 

as it makes people more ’reachable’. Another participant was ’a little 

reluctant’ in sharing the location data and would agree to share provided it 

was used only in the office, for official purpose. An interesting point was 

raised by one participant who wondered how the application would be used 

in a big organizational system like say KTH. Would a person like the Dean 

be willing to share his location? And if yes, then to who all - both in terms of 

the number of people and their hierarchy levels? The sheer size and number 

of such an institution may pose great complications for the system and 

impose greater privacy concern in an individual. Interestingly, disregarding 

the above privacy concern, one participant defended location sharing by 

saying: 

”Complete transparency builds trust rather than making one feel 

being spied upon.” 

These thoughts seem to resonate with the earlier discussed concept of 

’empowering exhibitionism’ leading to a sense of ’participatory surveillance’ 

(refer 2.2.1) as was discussed by Poster (1990) and Albrechtslund (2008). 

4.2.3 Application Use 

The participants were found to be positively inclined towards using the 

application to help organize their office work; except for one user who had 

particularly expressed his doubts about its usage in a big office scenario 

where schedules are all made well in advance. His concerns were supported 
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by another participant, however, he considered that the application would 

be effective in case of ”activities that require escalation and urgent 

attention”. The first participant was in agreement to similar ideas yet again 

he expressed his doubts on any value addition which the application could 

provide, considering that nowadays people are ’more accessible’ in a 

professional domain with office provided mobile phones and/or fixed lines 

(and internet!). Interestingly, he considered the potential of this application 

in an alternate scenario. He explained that there are cases where tracking is 

linked with security reasons, citing that MNCs are moving more towards 

corporate responsibility on employee safety and are thus keeping their 

record (especially when they leaves the office late). The employees in this 

case are happy if they are being tracked as it enhances the safety factor.  

4.2.4 Communication 

Except one, none of the participants wanted to know the location data of 

another person exclusively. Their search was tied with their need to 

communicate. In terms of communication between various hierarchy levels, 

the participants show high positive inclinations towards having a better 

control and improving their terms with others in the office (Figure 24).  
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          Figure 24: Inclinations towards the app usage for organization and communication. 

All except one, considered that the system would be more effective in 

communicating with people in higher hierarchy levels than the lower ones. 

This indicates a trend towards seeking more privacy as one reaches higher 

levels in the office hierarchy which could be attributed to the increased work 

pressure and/or responsibilities. Contradicting this trend, a participant 
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commented that in medical profession relationships with colleagues don’t 

depend upon such systems or individuals and thus shall remain unaffected; 

highlighting the role of the context that a work environment provides to an 

individual.  

4.2.5 Privacy 

While comparing the two privacy conditions, there was no marked 

difference in the participants’ responses. No participant went through the 

privacy disclaimer notification and ignored it to move ahead. One of them 

’expected’ that the data shall only be used for the app functions. However, 

later in the discussion on app usage and while using it, a few did show 

concerns to the use of location data. One participant explained that he does 

usually take these disclaimers and terms into account before proceeding but 

assuming this to be a professional application (which the office 

administration may simply ask all the employees to use), he ignored it 

considering obligatory reasons. 

In case of the low privacy prototype, two of the four people did feel uneasy 

in having a need to continuously relay their location coordinates, especially 

when it came to private activities like using a washroom or having lunch or 

just coming outside for a small cigarette break. At the same time, while the 

participants using the high privacy prototype were excited about the ’go 

invisible’ feature, they acknowledged that it has only a limited use in the 

office scenario. Only one of them was not happy with the fixed time limit of 

the feature and wanted self-control on the same. He reasoned to seek 

privacy for his research and studies (related to his profession) and stressed 

that the time limit should be introduced only if any great misuse is 

observed. Another participant however, disregarded the feature citing it as 

not so professional and ’not his style’ of working. To further test the ’go 

invisible’ feature, it was suggested as an alternative solution to the 

participants under low privacy condition. Surprisingly, although they were 

pleased with the feature and found it ’cool’, they too did not think it would 

be used often at the workplace, again pointing towards the obligations 

provided by the immediate working environment. 
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4.2.6 Search Log 

The ’who searched you’ feature, implemented as a privacy enhancing 

feature, was perceived as something more than that. One of the 

participants found it to be very useful in ’claiming her private time’. She had 

the ability to decide whom to call back and when; or that if the searches 

made were important or not. On a more critical approach, another 

participant exclaimed that it needs to have more context attached for it to 

make complete sense. For example if he was in a meeting and someone 

searched for him, he would simply treat it as a missed call unless he 

explicitly knows the purpose of the search. The current combination of the 

location and time data with the search did not seem to help him understand 

the context better. Interestingly for another participant, this search log 

itself created obligatory concerns. He was very anxious to know if he was 

obliged to call back or answer the people who had searched for him. 

4.2.7 Semantic Differential 

Figure 25 shows the semantic differential mapping of all the participants’ 

attitude inclinations towards the mobile application. On an average, the 

users perceived the application to be moderately high in terms of its 

professional outlook – its intent and content. On the other hand, there is a 

marked difference in their perception of the obligations associated with it. 

This is a further pronunciation of their attitude as was discussed earlier: the 

relative ease in giving away the location data, yet maintaining a number of 

doubts about its usage and availability; probably because of the case 

sensitivity (depending on the given professional context).  

On a moderately high average, users found the application to be pleasant in 

its experience, which probably explains why, except one of the participants, 

all others were motivated to use it. However, the acceptance pattern was 

found to be quite similar to the pattern of perceived obligations and is 

spread out- although largely towards acceptance but goes on to a slight 

rejection as well. 

Almost everyone found the application to be more collaborating in nature 

than just sharing. Since the aim of the application was to promote better 

collaboration at workplaces, this perceived attitude goes in its favor. It is 
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further complemented by the users finding it rather connecting than 

isolating. It is good to observe here that privacy requirements are 

associated more with an ’isolating’ attitude. Comparing this attribute to the 

’acceptation-rejection’ mapping, may explain the slight rejection as was 

observed earlier. It is good to mention that during the interviews, two 

participants had expressed and emphasized upon this need for privacy.  

 

Figure 25: Semantic Differential Mapping of all the participants, indicating their attitude 

towards the mobile application. (4 being the neutral point) 
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Chapter 5 
 

Discussion 
This chapter shall provide a summary of the thesis while discussing my reflections on 

the research methodologies adopted and the practical consequenses associated with 

them. In the end it shall present a commentary on the research questions while 

addressing the possibilities of future research potentials. 

 

5.1 Summary  

5.1.1 Initial Aim 

The aim of this study was: 

1. To design a mobile application for workplaces which uses indoor 

positioning as a tool to aid office organization, by reducing the time 

and resource wastage in looking up for people, while maintaining 

individual privacy. 

2. To investigate the presence and role of privacy concern associated 

with sharing one’s location information in indoor environments- 

specifically workspaces. 

5.1.2 Method Adopted 

The thesis started with a discussion on existing indoor positioning systems 

and the issue of privacy in HCI (more specifically in location sharing). 

Through the discussion, an attempt was made to present both sides of the 

debate- from the concerned voices about data being made public to the 

ones favoring it. 
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The thesis adopted an explorative approach, following a number of 

qualitative tools. In order to better understand the context of the actions 

taking place at a workplace, the study chose to followed the Activity Theory, 

and let it guide the research and design methodology. The study was 

divided into two phases: 1. analysis and design; 2. research and 

exploration. With an activity centered approach, the case studies guided the 

design brief and further analysis resulted in the development of the concept 

of a ’contextual layers model’. This model was realized as an interface using 

task analysis and wire framing. 

The finalized design was taken for user testing. A lab was prepared and 8 

participants were recruited for the tests. The test consisted of four parts: 1. 

briefing- where participants were informed about the procedure and their 

consent was sought; 2. prototype exploration- where they were asked to 

use the prototype; 3. follow up investigation- in which a detailed evaluation 

of user behavior and attitude was conducted using semi structured 

interviews and semantic differential; and 4. debriefing. 

5.1.3 Results 

The participants tried to maintain a separation between their private and 

professional lives. The tests revealed that the participants considered 

certain risks and uneasy situations being involved in sharing their data with 

the application in which the system may intrude into their rights to privacy. 

For example sharing location data when using the washroom or 

documenting the location history to generate footprint patterns for 

individual employees w perceived as surveillance and breach of privacy. 

However, participants added that they didn’t mind sharing their location in 

their workspace but not outside of it. Moreover, they felt that the 

management may simply ask them to use it. The degree of perception 

about the system as being obligatory was also observed in the semantic 

differential responses. 

Thus, in spite of reserving their concerns over privacy in sharing their 

location, the participants were not demotivated enough to reject the system 

as a whole. Building on to the discussion, the work obligations defined by 
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the immediate professional environment played a major role in 

accommodating their privacy and risk concerns. 

The attitude mapping using semantic differential highlighted a perceived 

pleasant experience which probably motivated them and to be positively 

inclined towards accepting the system. In general the participants seem to 

have accepted the indoor positioning application as a tool for office 

communication. A few comments as expressed by them are: 

”The app will be more time saving for the staff.” 

”I have a thought and [with the application] it’s easy to realize it instantly.” 

”It may not necessarily organize but at least get hold of people [who are 

difficult to reach- like the boss].” 

”It would be interesting to try it out when completely ready” 

5.2 Methodological Reflection 

5.2.1 Exploratory Methodology 

With the IPS still in its nascent stages of development and the lack of 

previously defined hypothesis (Shields, 2013), it made for a strong case to 

use exploratory methodology for the project, utilizing a number of 

qualitative approaches towards the research. The aim was to understand 

the non-quantifiable questions of ’what’ and ’why’ (Yin, 1994) and result in 

narrowing on understanding the risk perceptions involved with sharing one’s 

location data (in the context of a workspace). Towards the start of the 

research, I wasn’t very clear on how to approach the problem. I did not 

start the study with an aim to test any hypothesis. The idea was to rather 

study a context and to have a better understanding of it in order to facilitate 

the evolution of a hypothesis. This broader starting point was aided by the 

exploratory approach. In following an explorative approach the biggest 

advantage was in terms of the flexibility to accommodate new insights and 

different points of views, which were outside the initial line of inquiry. 

However, I felt that it is very important to anchor the process with a 

predefined line of inquiry. I noticed that at times the broad approach made 
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it hard to narrow down, more so during the research phase of interviews 

and need analysis. 

5.2.2 Activity Centered Approach 

In order to analyze and understand the use case scenario and to conduct 

the research, I chose the activity theory as the primary guiding theory. The 

basis of the choice was to understand the complex system of an activity 

exiting in any work environment, while including all mediating actors and 

artifacts and their roles. Although a complex theory, following an activity 

centered approach provided me a unique perspective to study the scenario. 

With a structural hierarchical view of an activity, it allowed me to look at the 

overall activity or motive while also paying attention to the smaller actions 

making the activity. It helped understand and differentiate between 

immediate goals, motivations and the influencing operating conditions and 

thus to think about and predict responses in the condition of a strain in any 

one of them. This has specifically influenced the overall design of the 

system resulting in the concept of ’layers of context’. 

At the same time, I found it rather hard to apply and use the Activity 

Theory to produce a design outcome; although, as a tool for research and 

analysis, it definitely provided a clear methodological approach. For 

instance, the activity operation mappings represented the relationships 

between subject-object-community and the mediators helped identify the 

choke points (refer 3.3.1). However, I found that it needs to be 

complemented with various other contextual tools, in order for the research 

results to be translated into a design outcome. As an example in this thesis, 

during the analysis of the case studies, tools like DILO cycles and affinity 

diagrams were also used. 

5.3 Practical Consequences  

5.3.1 Sampling of Participants 

Qualitative analysis tools, in contrast to the quantitative ones, have a 

smaller sample of participants. Thus it becomes important to carefully select 

the participants. In order to do so, the sampling was prepared after 

thorough literature studies and a round of initial immersion on site. Based 



Discussion 

 57 

on the results, the sampling was defined. However, it is hard for me to say 

if there was no bias set in the sampling. Due to the small sampling, a clash 

was observed between trying to limit generalization issues (for example 

choosing participants in the same age, gender, background, etc.) and trying 

to have a wider understanding. During the case studies, in order to 

understand the activity hierarchy from various points, the attempt was to 

include people from various hierarchical backgrounds. This did help provide 

a broader insight on the situation. Even while testing, a similar attempt to 

test the application on a wider matrix was made. However, I am unsure if 

this approach was ideal. Since the data relates to factors like human 

perception and behavior, apart from just age, gender, etc. factors like 

emotive quotient and the personality construct may also influence the data. 

I feel maybe a larger sampling would have benefitted the study better. 

5.3.2 Semi Structured Interviews 

Having a developed an initial line of approach, I found interviews to be a 

really effective qualitative approach to gather information and data. I was 

trying to study a dimension that dealt more with human emotions and 

behavior and thus I chose to couple observations and interviews. Although I 

was investigating a space less explored, I had an initial line of inquiry along 

with the guidelines from the AODM to help me study the scenario. Thus, I 

chose to go ahead with semi structured interviews. It was felt that in 

addition to just adding flexibility to the discussion, they allowed participants 

to provide more inputs, bringing in their points of view in the discussion. 

This also helped in that they felt more an ’informer’ than a ’respondent’ 

(Yin, 1994). The choice of a range of participants and the constructive 

discussions with them helped to look at the problem from different points of 

view. 

5.3.3 Think Aloud Method 

I found using this tool to be a bit tricky to use on novice participants. In the 

method, a participant is supposed to speak out loud whatever he is thinking 

while interacting with the prototype. I had expected the participants to face 

problems in the same and hence had introduced a test task during the ice 

breaking session to make them familiar with the concept. However 
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participants seemed to find it difficult to perform and would still skip the 

think aloud at various points during the testing in spite of reminding them 

again and again. Moreover, reminding would, at times, make them even 

more conscious (and not be spontaneous) about using the prototype. 

Although I had to do it, as the facilitator, I did not wish to interfere and 

break their thought process with continuous reminders.  

5.3.4 Lab Testing 

The testing was conducted in a controlled environment with a prototype 

application. Although it provided for an intensive interaction with the 

participants and to capture all responses and reactions first handedly, there 

are limitations in the same. While the tests were conducted in calm scenario 

free of any work pressures, the real use case scenario shall differ from it in 

this aspect. The functional assessment of the application should include a 

real time testing with a fully developed and functional prototype being used 

for a longer period in order to investigate it in different scenarios that could 

include a change in various levels of hierarchy of an activity- right from the 

aims and motives to smaller goals and the operational conditions that affect 

them.  

It was also observed that although the participants were comfortable with 

getting their responses video and audio taped, a few of them seemed 

slightly conscious about the camera. This may have two opposite effects. 

First it may lead to the participants paying more serious attention to the 

tests, while on the other hand, it may lead to them getting over conscious 

about the camera. However, the latter largely wasn’t observed. 

5.3.5 Pilot Test 

Although during the preparation of the lab for tests all the devices along 

with the prototype and the network connections were checked beforehand, 

no full scale pilot test was conducted. It was later observed that the first 

test had some shortfalls during its conduct from the side of the facilitator. 

For instance the facilitator ended up providing more than required 

explaination on certain tasks and issues that the participant encountered. 

This may have have led to a bias in the participant’s responses. Fortunately 

the participant here had been a part of some user tests in the past and thus 
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was more knowledgeable and aware about tasks like ’think aloud’ and knew 

what to focus on than the rest of the participants. The first user test in itself 

acted like a pilot test for the studies. Thus it was found very important to 

have a full fleged pilot testing before starting the actual tests.     

5.4 Conclusion  
It could be safely concluded that the concept of using indoor positioning as 

a tool to solve communication issues inside workspaces, was largely found 

acceptable to the users. The research also opened up new possibilities and 

alternate use case scenarios for the concept to be applied and used- like for 

example merging employee tracking data with employee safety protocols. 

At the same time, in general the idea of sharing one’s location with 

accuracies down to room levels, did raise a few eye brows. With increased 

awareness about the way data could be handled and made use of, 

participants were found to have reserved privacy concerns about sharing 

their location data. They were open to use the system if it was a 

requirement for a professional scenario. However, even this limited use 

raised a few concerns about the ’sudden availability’ of sensitive data like 

footprint mappings, etc., its storage and use. Interestingly, within the given 

context, providing privacy controlling features like going invisible did not 

make much difference to the users. The application tried to preserve the 

privacy of an individual, however the context would play a major role in 

deciding the privacy concerns of an individual. The system was accepted but 

only in a specific context of a ’public work environment’. A successful 

deployment of the system needs a user experience that promotes self-

motivation rather than any obligatory reasons (as were observed). While for 

indoor positioning systems to be applied at other venues and user bases, 

care should be taken to provide maximum privacy and transparency to 

ensure trust in the system. For argument sake, as a conclusion from the 

interviews, one of the possibilities could be to keep the location data 

available only for a fixed duration of time. 
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5.5 Future Research 
Indoor Positioning System brings with it a range of new possibilities for the 

future of mobile services. Even in its nascent stage of development, it has 

opened up opportunities in various fronts. For instance it promises to 

greatly aid emergency search and rescue operations, saving many lives; or 

to help people navigate through large unfamiliar public spaces like airports; 

or provide new ways to guide the differently abled people. This study was 

aimed to investigate the use case in a defined smaller context, but another 

potential, and probably much larger, future use case is that of a simple end 

user- anyone who would use the application for a non-professional, 

recreational, relational or communicational need. This may be: 

1. A university student inside the school campus/building. 

2. An avid shopper inside a supermarket or a shopping mall. 

3. A visitor at any public building like an airport, train station, a 

museum, etc. 

However, as was also observed in the research, this is where the privacy 

issues may surface the most. The research clearly showed a relationship 

between the context of use and the perception of risks, which ultimately 

affect the adoption. In this user group, where there shall be no obligatory 

reasons, the acceptance of the system may be under question. I feel that 

there is a strong need to study the attitude of different users towards this 

system in different contexts. 

In the prototype, a few design features like ’go invisible’ and ’who searched 

for you’ were introduced. It was interesting to see how users perceived 

these to be more than just what they were designed for. One of the 

participants expressed that she would love to play around with ’go invisible’. 

Sundström, et al., (2011) had used similar techniques in a gamified way to 

break down complex technologies, with the aim to come up with new 

concepts and possibilities. Probably similar gamified exercises in indoor 

positioning, but with a higher degree of inclination towards understanding 

the human factors associated with the technology, could produce new 

insights or concepts of application of the system. 
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Another observation made during the tests was that people in the higher 

hierarchical positions more expressed a need for privacy. In such cases the 

question becomes how such a system based on IPS could be used 

effectively, retaining trust and value in it. Apart from internet literacy and 

obligatory reasons, I believe cultural aspects may influence the adoption of 

the system on a large scale. The study did not take in account cultural 

aspects but connecting the user behavior, in terms of the perception of risks 

and their acceptance or rejection of the system with the cultural context 

may provide a clue to how location based UX design elements could be used 

for various purposes like geofencing, games, relationships, leaving 

electronic notifications, communicating etc. A greater research in the UX 

front of the upcoming indoor location based services could yield useful 

results.  
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Appendix I 
Application Evaluation Form 

Part-I: Please, rate the understated statements in a scale of 1-7. 

Circle or Cross out the level of agreement that applies: 

1 means strongly disagree 

4 means neither disagree nor agree 

7 means strongly agree 

 

Your feedbacks are valuable for us. 

 

a. It would be risky to disclose my personal information to the system. 

 

Strongly Disagree     1-------2-------3-------4-------5-------6-------7 Strongly Agree 

 

b. This mobile application enables me to effectively communicate at my workplace. 

 

Strongly Disagree     1-------2-------3-------4-------5-------6-------7 Strongly Agree 

 

c. I am cautious in trying new/different products.  

 

Strongly Disagree     1-------2-------3-------4-------5-------6-------7 Strongly Agree 

 

d. I avoid risky things. 

 

Strongly Disagree     1-------2-------3-------4-------5-------6-------7 Strongly Agree 

 

e. How often have you personally experienced incidents whereby some service provider used 

your personal information or location based app without your authorization?  

 

             Very Rarely     1-------2-------3-------4-------5-------6-------7 Very Often 

 

f. How often have you personally been the victim of what you felt was an improper invasion of 

privacy? 

 

             Very Rarely     1-------2-------3-------4-------5-------6-------7 Very Often 

 

g. How much have you heard or read during the last year about the use and potential misuse of 

consumer’s personal information without consumer’s authorization by some service provider 

or e-commerce website?  

 

                Barely Any     1-------2-------3-------4-------5-------6-------7 Very Much 
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h. This mobile application enables me to better schedule and organize my works. 

 

Strongly Disagree     1-------2-------3-------4-------5-------6-------7 Strongly Agree 

 

i. This mobile application gives me a better control over how I communicate with my colleagues.  

 

Strongly Disagree     1-------2-------3-------4-------5-------6-------7 Strongly Agree 

 

j. I feel my relationship with my boss at the workplace will improve in terms of communication. 

 

Strongly Disagree     1-------2-------3-------4-------5-------6-------7 Strongly Agree 

 

k. I would use this mobile application primarily just to locate people at the workplace. 

 

Strongly Disagree     1-------2-------3-------4-------5-------6-------7 Strongly Agree 

 

l. I would use this mobile application both to locate and communicate with people. 

 

Strongly Disagree     1-------2-------3-------4-------5-------6-------7 Strongly Agree 

 

 

Part-II: Please, rate your perception about the application in terms of the following 

keywords. 

Choose one of the bipolar adjective in each pair that you feel best describes the application: 

1 means highest inclination to the attribute on the left 

4 means neutral inclination 

7 means highest inclination to the attribute on the right 

 

 

unpleasant              1 – 2 – 3 – 4 – 5 – 6 – 7 pleasant 

inviting              1 – 2 – 3 – 4 – 5 – 6 – 7 rejecting 

unprofessional             1 – 2 – 3 – 4 – 5 – 6 – 7 professional 

connecting               1 – 2 – 3 – 4 – 5 – 6 – 7 isolating 

sharing                 1 – 2 – 3 – 4 – 5 – 6 – 7 collaborating 

necassarry               1 – 2 – 3 – 4 – 5 – 6 – 7 obligatory 

demotivating               1 – 2 – 3 – 4 – 5 – 6 – 7 motivating 
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Debriefing  

 

1. What did you like best about the mobile application? 

 

 

2. What did you like least about the mobile application? 

 

 

3. What else would you like to see in this mobile application? 

 

 

 

4. Do you have any other comments about the mobile application? 

 

. 

. 
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Appendix II 
Demographic Form  

Provide information about yourself for statistical purpose; Rest assured that all the 

information provided would be kept confidential. If you do not wish to answer a particular 

question, just leave it blank.  

 

Personal Info 

1. Name  :  ________________________________   

2. Age :  __________  

3. Gender :  __________ 

4. The highest level of education completed  

1. High School 

2. Undergraduate Degree 

3. Attended College 

4. Attended Graduate School 

5. Graduate School 

6. Other (Specify:____________) 

 

7. Your current Profession /Job profile: 

_________________________________________  

 

Computer Expertise 

8. How many hours per week do you use a computer? 

 

<1hour 1 – 3 hour  4 – 10 hours                     >10 hours 

 

9.  What location based applications have you used?  

 

 

Please specify the number of weeks/months/years you have been using them.   

 

O < 2 weeks  

O 2 weeks – 1 month 

O 1 – 6 months 

O 6 months – 2 years 

O > 2 years 
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Internet Experience 

11. What do you use Internet for? 

E-mail  Shopping  Banking  Finding 

Information 

Other 

 

Project-Specific Experience 

9. Do you have experience with location based application on mobile phones? 

O Yes 

O No  

If yes:  

a. How long have you been using it? 

O One month 

O Six months 

O One year 

O More than a Year 

b. What [content/features] you use in it? 
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