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Abstract 

Mobile computers combined with sensors and knowledgeable users, present new 

opportunities to quickly and relatively easily collect copious amounts of heterogeneous 

data relating to an assortment of phenomena. At the same time, increased use of mobile 

computing has heightened users’ expectations in terms of application design and ease 

of use. Through this dissertation I seek to reveal ways in which mobile computers can be 

used to collect meaningful data, underlining the role of usability in this process.  

This dissertation uniquely identifies intersections between volunteered 

geographic information (VGI), location based services (LBS) and geovisualization 

literatures. Smartphone users address this integrated trinity within single applications yet 

the literature pertaining to the use of these components is currently fragmented. VGI is 

the collection of the data that are then distributed to the user through LBS while 

geovisualization is the actual interface that the user either contributes or consumes the 

information. The tight interrelationship between these three facets informs the success 

or failure of location based applications.  

Finally, I apply this theoretical framework to two case studies, one in which I 

collect perceptions of use of mobile location based applications, while the second case 

study investigates the data collection process using tablet computers in a clinical setting. 

I outline findings gathered via these two case studies regarding the use of mobile 

computers for geographic inquiry. Based on this research, it was found that application 

user interfaces act as information funnels – determining the success or failure of the 

application. The usability of the user interface or geovisualization dictates what 

information goes in or out of the device and is delivered or obtained from the user.  

Keywords:  Geographic Information Systems; Location based services; Volunteered 
Geographic Information; Geovisualization; Public Health Surveillance; 
Electronic Health Record  
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Chapter 1.  
 
Introduction 

Mobile computers are becoming progressively prevalent in society worldwide due 

to their growing computing power, diminishing costs, increased access to the Internet, 

integrated GPS and numerous other perceived benefits of mobile technology (Armstrong 

and Bennett, 2005; Weiser, 1991). Geographers are particularly interested in 

opportunities that ubiquitous computing presents to gather, disseminate and access 

geographic information. Geographic Information Systems (GIS) are a digital method of 

collecting, storing, analyzing and representing geospatial data (Curry 1998). Previously, 

only skilled technicians had access and know-how to use GIS, it is now possible for 

mobile computer users to utilize GIS functionality. It is now possible for mobile computer 

users to gather and access geographic information through various visualization 

techniques, almost anywhere.  

Mobile computer users may receive information relevant to their current position 

through the use of ubiquitous computing devices and associated Location Based 

Services (LBS), contribute their experience in a place through Volunteered Geographic 

Information (VGI) and view additional information via various geovisualizations. LBS are 

services that offer information about where a location aware device user is situated 

(Gartner et. al., 2007; Jiang and Yao, 2007) while VGI are spatial data that are offered 

voluntarily by individuals (Goodchild, 2007 a, b). This type of data collection in a work 

place setting or for specific research purposes could be considered a facilitated VGI 

(fVGI) and equally valuable (Thatcher 2013; Corbett 2013). Geovisualization is the 

display of the geospatial information to be explored interactively in an effort to facilitate 

the process of hypothesis formation and knowledge construction (Dodge, et. al., 2008; 

Dykes et. al., 2005; Kraak and MacEachren, 2005; Tobón, 2005; MacEachren and 

Kraak, 2001). This opens up a multitude of opportunities to collect a wide range of 
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geospatial information from willing and knowledgeable local citizens (Elwood, 2008; 

Gouveia and Fonseca, 2008; Coleman et. al., 2009; Tulloch, 2008; Goodchild, 2007b; 

2009; Wiersma, 2010; Connors et. al., 2011; Elwood et. al., 2012) beyond purely social 

and introspective pursuits. 

Data collection is one area in which the use of mobile computers and willing 

citizens could significantly benefit society by becoming active participants in injury 

surveillance systems. Injuries claim the lives of over 5 million people world wide each 

year, this number does not include those who suffer life-long disabilities as a result of 

injury (WHO, 2008). This phenomenon receives very little attention because injuries are 

often thought of and referred to as “accidents.” Yet, injuries are preventable. When injury 

data are collected electronically, they can rapidly be aggregated and analyzed to help 

with the identification of injury trends and in turn injury prevention measures. Injury 

surveillance systems are imperative to track injury epidemiology, advocate injury 

prevention policy, benchmark trauma care, and identify trauma care quality 

improvements (Moore and Clark 2008; Stelfox et. al., 2010; O’Reilly et. al., 2012). Injury 

surveillance involves the ongoing systematic collection, aggregation, analysis, 

interpretation and the dissemination of health data (WHO, 2008). Mobile computers and 

associated applications are increasingly being embraced for health related data 

collection and dissemination, a phenomenon referred to as mHealth (WHO, 2011; WHO, 

2010).  

The overarching goal of this PhD research is to understand how the public are 

now using mobile computers for spatial data collection and dissemination and use this 

information to identify and test the feasibility of using these tools for injury surveillance 

purposes. The larger goal is to understand how people are using these technologies in 

an effort to inform and enhance the design of applications for data collection for projects 

that aim to achieve public improvement by revealing unknowns about social 

phenomenon. The objectives of this research are twofold. The first aim is to identify 

successful attributes of mobile location based applications as a whole for spatial data 

collection and the second is to test both the feasibility and usability of a mobile computer 

based injury surveillance systems in a clinical setting.  
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Through this research, I aim to illuminate the multifaceted opportunities and 

constraints associated with embracing the present availability of mobile computers for 

capturing spatial data for the purpose of analysis and information dissemination. Chapter 

two in this dissertation describes and synthesises current literature associated with 

spatial data capture and disseminated through geovisualizations. In chapter three, I 

describe empirical research findings revealing a snapshot of present perceptions of 

smartphone use for geospatial and social purposes. In chapter four, I delve into a data 

entry user interface specifically. I present a particular case study, focusing on the use of 

mobile computers and a particular application for data capture for the purposes of injury 

surveillance and in turn injury prevention. I describe a study in which usability 

improvements to an electronic health record could greatly enhance the quality and 

quantity of data captured in point of care settings. Finally in chapter five, I conclude this 

dissertation by arguing that the user interface is the crux of the success or failure of any 

data collection and information dissemination vessel, for capturing data that are 

qualitative or quantitative in nature. I describe the present barriers to data collection and 

manipulation, recommendations for improvements and future research.  

1.1. Overview 

Here I present the overview of this dissertation by first revealing the research 

problem, purpose, objectives and epistemological approach for each component. Then I 

situate this research in a conceptual framework followed by a brief literature review 

relevant to this dissertation as a whole. Finally, I describe the organization and structure 

of this dissertation.  

1.2. Research Problem, Purpose and Objectives 

1.2.1. Research Problem 

The use of mobile computers for data collection, dissemination and visualization 

is a complex process. To be able to better utilize these new techniques for data 

collection and manipulation, we first need to understand each of the components 
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involved, separately and together, and how people perceive their uses. Different people 

utilize each component in different ways. We know from GIS literature and use, this 

technology can be used in a wide rang of ways to reveal spatial patterns that may 

typically go unknown. The use of mobile computers can offer a large heterogeneous 

population with the ability to contribute data in an effort to understand and monitor 

phenomenon that previously was impossible. These processes could benefit social and 

health challenges such as injury prevention. Injury claim the lives of over 5 million people 

worldwide each year (WHO, 2008) yet we know little about the causes of the 

phenomenon. Since detailed data associated with injury is such a challenge to collect, 

using techniques associated with mobile computers for data collection and dissemination 

as a whole, could be the first step in identifying injury trends.  

1.2.2. Purpose 

The influx of mobile computers and the ambient data collected from an active 

user, presents conspicuously ripe opportunities to collect locational information about 

heterogeneous populations and phenomena that could then be integrated into 

geovisualizations. Here, I first identify how present literature reveals ways in which VGI, 

LBS and geovisualization literature could consider spatial cognition research and how 

these are all related. Before we can make informed decisions, I first aim to gauge current 

perceptions of this phenomenon associated with VGI, LBS and geovisualizations to 

inform ways to improve the process. Finally, the area of mHealth was identified as one 

area that could really benefit from the use of VGI, LBS and geovisualization for injury 

trend identification. For this reason, I specifically use a clinical tool for injury data 

collection as the case study. 

1.2.3. Objectives 

The objective of this research is to find answers to a set of research questions. 

Overarching research questions: Based on current mobile technological trends, what are 

present expectations of smartphone use related to locational information? Through 

understanding these expectations, how can improved means of public health data 

collection become attainable? 
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While it is obvious that people presently overly rely on their smartphones for daily 

life tasks such as communication and wayfinding, what is unknown is how they perceive 

this usage. First, I turn to the literature relating to mobile computer usage for geographic 

endeavours and synthesize these literatures. Literature from geography is highly 

stratified pertaining to the task being covered: from data entry through volunteered 

geographic information, data access through location based services and information 

consumption through geovisualization. While the general public are using mobile 

computers on a regular basis they are embracing the stratified components collectively. 

Additionally, understanding these processes could inform improved system development 

as a whole and for specific pertinent purposes such as data collection related to public 

health issues.  

The aim of this research was to answer the following research questions in each 

of the main chapters:  

Chapter 2: (1) What is the relationship between VGI, LBS, and geovisualization? 

(2) How does this relationship influence spatial cognitive tasks? 

Chapter 3: (1) Are phone users contributing VGI? If so, how are they contributing 

and are they aware of their contribution? (2) How do people perceive phone use? 

Specifically, (3) how do they perceive their social interactions and spatial cognitive 

abilities resulting from smartphone use? To find answers to these questions, an online 

survey was administered.  

Based on these findings, informed decisions can be made in an applied setting 

as a form of facilitated VGI. Since usability evaluations are seldom implemented, I 

created and implemented low cost, low barriers, fast and relatively easy usability 

evaluation to then capture data from the users. A quick and easy usability evaluation 

method geared towards busy clinicians was developed and tested. Questions associated 

with this research were as follows: 

Chapter 4: (1) Is a usability evaluation to record and analyze feedback offered by 

clinicians to improve and modify an Electronic Health Record (EHR) prior to its 
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deployment beneficial? (2) Within the existing system, what challenges and strengths 

are identified by the target users?  

1.2.4. Epistemological approach 

To approach the research questions stated above, multiple epistemological 

approaches were employed. Technology is never utilized outside of social constructs 

(Schuurman, 2004) thus it is necessary discuss epistemological approaches utilized. 

Epistemologies describe the background, the lenses from which we study the world, the 

perspective (Schuurman, 2004). Methods and epistemology can be related but are not 

fixed; multiple epistemologies can utilize a single method (Elwood and Cope, 2009). GIS 

are socially produced (Schuurman 2002) so too are the data collected creating a case to 

research this process from multiple epistemologies. 

Debates that occurred primarily in the 1990s regarding epistemological 

approaches to research in GIS are well documented (Schuurman, 2000; Schuurman, 

2002; Schuurman and Pratt, 2002; Schuurman 2004; Cope and Elwood, 2009) yet never 

resolved (Schuurman, 2004). I argue that mobile computers for data collection are an 

extension of GIS since in the case of this research; they are used for data collection that 

will be placed into a GIS. From these epistemological debates, it is known that GIS is 

often seen as a positivistic tool but great efforts have been made to utilize the tool for 

feminist endeavours (Kwan 1999). Through injury surveillance, spatial representations 

can display injury hotspots to illuminate environmental linkages with injury; this could be 

considered “realist” approach using GIS to connect the real world with spatial 

representations (Schuurman 2002). 

To be able to collect the data required for injury representation, data first need to 

be collected; mobile computers could be a viable option for this data collection. Adoption 

of technology and innovation by a society is heavily dependent on social, technical and 

aesthetic experience (Rogers, 2003). Therefore these facets need to be investigated to 

ensure successful adoption of a technology. Constructivist approach in that based on 

new knowledge gleaned by initial research, this shifted the subsequent research 

questions and chapters presented here. As Elwood and Cope (2009) postulate, it is 
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valuable to utilize multiple epistemologies, through diverse modes analysis and forms of 

knowledge to transcend levels of agency and authority through different forms of data, 

representation and analysis in research. A truly mixed method approach was taken to 

approach these questions. While methods are not linked to epistemology (Elwood and 

Cope, 2009), each chapter utilizes different methods and epistemologies. In the tradition 

of critical reflexive engagement challenging quantitative and positivist approaches to 

research in GIS (Elwood and Cope, 2009). “GIS scholars work with a mixed 

epistemological toolkit that varies from positivism to pragmatism” (Schuurman, 2004: 

30). Here I will describe the epistemological approaches taken in each chapter and 

provide rationale.  

In this dissertation, in Ch. 2, I take a theoretical approach to analyzing present 

literature and contextualizing it with current practices. I look to three main bodies of 

literature, synthesize them, weave them together and then posit new theory. Through the 

writing of Chapter 2, new research questions immerged which influenced the 

development of the research questions and questionnaire presented in chapter 3. This 

could be seen as a pragmatic approach in that it was used to accommodate new 

evidence (Schuurman, 2004). An empirical study is then presented in chapter 3 and 

provides evidence rich contextual descriptions that were collected through open-ended 

questions and multiple choice questions in an online survey. This research is pragmatic 

in that it collects perceptions of smartphone usage. In chapter 4 another evidence based 

empirical study is described. Its methods are deeply rooted in usability engineering 

evaluation methodology. The think aloud method is used to collect rich verbal description 

and thought process associated with interacting with the system. This is a realist 

approach to research in that it aims to specify critique and improvements of the 

application. Realism is different from positivism due to the emphasis on specificity, 

namely space-time location making it possible to connect events to specific situations 

(Schuurman 2002). Realism can be used to identify and explain causal structures 

present in specific circumstances (Schuurman, 2004), in this case, the way in which the 

user interacts with the technology can be influenced based on where they are situated in 

that moment.  
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Multiple approaches to collecting data and answer research questions can foster 

understanding to better reveal why certain uses of technology are adopted and the data 

they in turn produce. With these research approaches in mind, I now present a brief 

literature review. A targeted literature review and synthesis as it pertains to each 

question is presented in the main chapters (two-four) of this dissertation.  

1.3. Literature Review 

Here I present the theoretical framework for which I display how existing 

literature are pertinent and relevant to this dissertation.  

1.3.1. Ubiquitous or Pervasive Computing 

Pervasive computing or ubiquitous computing refers to an environment that is 

saturated with computing and communication capacity which are seamlessly integrated 

with users daily lives to the point that they have become transparent (Satyanarayanan, 

2001; Weiser, 1991). Pervasive computing was the term that was used more heavily in 

the early literature; it holds a sceptical negative association with the phenomenon. 

Ubiquitous computing1 is the term that is currently more widely used, which has shed a 

negative connotation as we are starting to see the concept play out in real life. Some call 

ubiquitous computers “information appliances” because they are so embedded in 

everyday life (Muhlauser, 2009). Computers are not only mechanisms that help us 

perform our work more efficiently, they also assist us pursue other aspects of our lives 

(Fallman, 2008). Ubiquitous computing does not facilitate anything necessarily new, but 

enables us to achieve tasks faster and easier (Weiser, 1991).  

Pallotta et. al., (2009: 1016) identify four characteristics that distinguish 

ubiquitous computing from traditional computing which are: computing will disappear; 

computing will become a distributed, heterogeneous interconnection of several 

computing devices; computer interaction will no longer capture the full attention of users 

 
1 The terms pervasive computing and ubiquitous computing are used interchangeably.  
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for they will run in the background and only capture the users consideration when 

necessary; computer interfaces will be unobtrusive.  

Ubiquitous computers bring about new considerations and research opportunities 

to identify effective means of utilizing such technologies. These research initiatives 

include: effective use of smart spaces, invisibility, localized scalability, and masking 

uneven conditioning. Smart spaces are those with wireless Internet access. Invisibility is 

achieved when the pervasive computing technology has completely disappeared from 

users’ consciousness (Satyanarayanan, 2001). Computers should only become 

noticeable when a message or alert has been passed to the user (example: when a 

doctor needs to be alerted immediately that a patient requires urgent attention). Weiser 

(1991) goes on to refer to this concept as “embodied virtuality.” He suggests that 

computers in the future will be invisible not only by metaphor but, due to their small size, 

in reality as well (ibid). Unobtrusive interfaces are key in ubiquitous computing. The 

interface should not capture the full attention of the user who should still use the system 

to execute foreground tasks (Pallotta et. al., 2009). The interface should not require 

attention to the point that the user must stop what they were originally doing.  

Localized scalability is optimizing an application to only provide the end user with 

information relevant to the user specific context and needs in a particular moment. This 

is a significant challenge because as the number of pervasive computing devices and 

the number of users grow, so too will the amount of data available. This will result and 

has resulted in multiple redundant sensors (Liang et. al., 2005), and increased potential 

for information over load (Weiser, 1991). Satyanarayanan (2001) claims that through 

efficient design and by minimizing communication between distant units, appropriate 

scalability could be reached.  

Finally, masking uneven conditions in Internet access is an inherently geographic 

challenge. Different areas have different levels of “smartness” which generate an uneven 

condition across space. Organizational structure, economics (demand) and business 

models influence the computing technology infrastructure saturation (Satyanarayanan, 

2001). Weiser (1991) predicted that there would be multiple options for smart spaces; he 

thought there would be different levels of smart spaces to meet different demands. 
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Mobile application developers are meeting this challenge by creating “offline” options so 

the user may not even notice when they are entering and exiting smart spaces. Their 

data gets pushed to the cloud when they enter a smart space. Localized Google Map 

tiles can be downloaded and stored locally on a mobile computer for offline usage rather 

than rendering tiles in real time. Ubiquitous computing devices will ‘cyber forage’ for 

network connections when they are in a new area (Satyanarayanan, 2001), meaning 

they will tether off each other. Application developers are responding to the challenge of 

uneven smart spaces by automatically pushing data to the user when they enter a 

recognized smart space. An iPod touch can only update and access data when they are 

within reach of a Wi-Fi network that they have permission to use. If the proper settings 

are in place, the iPod recognizes this area and will download the latest podcasts the 

user has preselected to enjoy later. Applications are developing offline solutions so that 

email, blogs and other information sources are updated when they are within range of 

Wi-Fi, but the user can consume the media even when no Internet is available. There 

are a variety of applications that have taken similar measures to mask uneven smart 

spaces. 

Pervasive computing experts can now use off-the-shelf technology such as 

mobile phones and tablet computers to test ubiquitous computing theory. Computing 

devices are smaller than ever and are incorporating more sensors into a single device. 

The cell phone industry also has opened their programming environments and platforms 

making it increasingly feasible to build onto them (Miluzzo et. al., 2008). Despite all of 

these improvements in technology, challenges in pervasive computing systems are still 

prevalent. Challenges associated with integrating mobile computers into research and 

workflows include: energy limitations, network and interoperability, data classification 

and infrastructure, privacy, trust, security and other ethical considerations. 

As with any device that needs energy to function, battery life is a concern in 

pervasive computing (Miluzzo et. al., 2008; Satyanarayanan, 2001). Pervasive 

computing devices are often comprised of powerful sensors that require excessive 

amounts of memory and battery power. Screen size, size of the device, bluetooth, 

Glboal Positioning System (GPS) and other sensors all influence energy use and can 

drain the battery quickly (Miluzzo, 2008). 
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Networks and Interoperability are another consideration. As the intensity of 

interactions between a user’s personal computing space and her surroundings 

increases, this traffic will slow server bandwidth, and may become frustrating for a 

pervasive computer user (Satyanarayanan, 2001). This may lead unpredictable variation 

in network quality at home and across space, which may act as a limitation on local 

digital infrastructure (ibid.) Due to these challenges it is necessary that we have different 

options to connect to the Internet. Network connection is vital to connect people to the 

Internet and the devices to each other.  

Interoperability is the key to integrating information centers and devices, which 

store, disseminate, exchange, manage, display and analyze the sensing information 

(Liang et. al., 2005). The real power of ubiquitous computing comes from interaction 

among the devices and networks (Weiser, 1991). With the vast amounts of data that are 

being collected and distributed via ubiquitous computing devices, the issue of data 

classification is a notable challenge. Data classification and management will greatly 

influence how effective pervasive computing solutions will be. The goal of information 

management is to facilitate an effortless means of retrieving relevant content to minimize 

effort and maximize benefit (Koukia et. al., 2009). Liang et. al., (2005) propose a solution 

to this issue through the introduction of GeoSWIFT which is a registry that provides a 

common mechanism to classify, register, describe, search, maintain, and access 

information collected from distributed sensors. Liang et. al., (2005) clearly describe the 

necessity of developing such an infrastructure. GeoSWIFT could help organize vast 

amounts of data in a way that the data becomes relevant and meaningful to users. 

Pervasive computing is a powerful resource and may seem an intrusive practice. 

At present, technology tends to invite a consumptive way of being, yet these 

technologies have the potential to be used for useful and ‘noble’ endeavours (Fallman, 

2008). With the capability to track peoples’ movements, record their interests and sense 

their environment comes ethical responsibility. Human implications of pervasive 

computing include social, cultural, ethical, ecological, political impacts, and moral issues 

(Fallman, 2008). Attitudes and awareness about privacy concerns and preferences are 

shifting among social networks. Consolvo et. al., (2005) empirical study tests what types 

of location based information people are willing to share with others. This study reported 
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privacy trade-offs. If one were to conduct the same study now, the results would be 

drastically different. This study took place just as Web 2.0, or the Read-Write Web, 

started to blossom. Now through the use of social networking applications and through 

micro-blogging, it is popular to share what you are doing and where you are at all times. 

People have been conditioned to sharing personal location based information on social 

networking platforms. In her book called It’s complicated, boyd (2014) describes how 

teenagers are conflicted about who should and should not be looking at the content they 

are posting on the internet (their friends should see their photos from the weekend, their 

parents should not even if it is publicly available online). This literature is covered in 

more detail in Chapter 3. I will now describe some of the phenomena that are a by-

products of ubiquitous computing and are of particular interest to geographers.  

1.3.2. Volunteered Geographic Information, Location Based 
Services and Geovisualization  

Here I will provide the reader with background pertaining to three of the main 

concepts covered and revisited throughout this dissertation. These three topics are 

Volunteered Geographic Information (VGI), Location based services (LBS) and 

geovisualization. In this section, I will not provide an exhaustive literature, but simply a 

background about these topics supplementing the literature presented in the main 

chapters of this dissertation.  

VGI is data with geographic coordinates attached that is offered in a purposeful 

and informed way by individuals and can be assembled and disseminated freely 

(Goodchild, 2007). VGI is also referred to as ‘asserted geographic information’ because 

it is affirmed by the creator as opposed to ‘authoritative geographic information’ created 

by government officials and other authority figures and is a shift from the traditional top-

down approach traditionally held by cartography and GIS (Goodchild, 2007). 

Contributors are often familiar with the location and able to report on conditions in a 

specific region through the use of ubiquitous computing. Humans are intelligent 

synthesizers and interpreters of local information and can act as valuable sensors of 

geographic information (ibid.). These advances in technology have lowered the costs of 

VGI production and distribution, which has led to a huge influx of information and 
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information sources available on the web (Flanagin and Mezger 2008). VGI can be 

contributed through the use of a mobile computing device such as a cell phone or 

through a desktop computer and an Internet connection. Therefore a wide range of 

individuals could leverage this technology to contribute content since it does not require 

excessive computer programming abilities or expensive computer hardware. However, 

“tools (associated with VGI) themselves do not level the playing field” (Crampton, 2009: 

96). But collective action and a highly active user group can. VGI holds great potential to 

engage citizens and collect data relevant to a wealth of diverse users. For a VGI project 

to flourish, certain characteristics need to be present including: motivated citizens, 

sensing devices, and back-end information (Gouveia and Fonseca, 2008).  

VGI is one part of the larger concept of ubiquitous mapping which “refers to the 

ability or the environment within which users can create and use maps anywhere and at 

anytime to resolve spatial problems” (Morita 2005:1). Gartner et. al., (2007: 248) extends 

the definition to include “the study of how maps can be created and used anywhere and 

at any time.” VGI refers only to the element of contributing content, not necessarily while 

out in the field. Volunteers can contribute content from a desktop computer or from a 

mobile device. The common thread is that VGI and ubiquitous mapping are egocentric 

ways of mapping (Morita, 2005) focusing solely on content that is directly near the user.  

VGI and ubiquitous mapping are both products of Web 2.0 and Neogeography. 

Neogeography means “new geography” and involves a set of techniques and tools that 

fall outside the dominion of conventional GIS (Turner, 2006). Neogeography involves 

programmers and developers using and creating their own maps by merging elements of 

an accessible toolset including cartography, GIS and programming. Neogeography is not 

concerned as much with issues involving accuracy, validity, projections and other 

challenges that GIScientists and cartographers routinely face. “Neogeography is about 

sharing location information with friends and visitors, helping shape context, and 

conveying understanding through knowledge of place... and it is about fun.” (Turner, 

2006:1). With the emergence of neogeography there is evidence that there has been a 

growth in geospatial knowledge (Haklay et. al., 2008). This is largely because people 

contribute content when they care about an issue. When they contribute georeferenced 
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data they are exposed to unique geovisualization techniques that they might not seek 

out otherwise.  

There are countless ways of creating and sharing VGI. One type of VGI is simply 

georeferenced data such as tweets, photos, video and any other types of geotagged 

data. Through this type of VGI it is possible to incorporate multimedia content onto 

maps. Traditional GIS was critiqued for only incorporating quantitative data and critical 

geographers called for a shift to incorporate qualitative data into GIS as well (Sieber, 

2004; Schuurman, 2000). VGI is sharing content about local activities in various 

geographic locations around the world that may traditionally go unnoticed by the rest of 

the world’s media (Goodchild, 2007). People can now share qualitative information about 

their special experience or place in the world. Georeferenced restaurant reviews are 

another example of VGI. These reviews are subjective interpretations from individuals. 

This sort of content could be harmful to a business if they receive an unfair poor review. 

We are seeing with applications such as Yelp that some platforms are finding ways to 

ensure that contributions are credible. Sharing this information is also sharing personal 

opinions. Some critics say that VGI causes a loss of privacy, however, by its very 

definition, the content is ‘volunteered.’ However sometimes this information is collected 

unknowingly which is a major concern and covered in critical GIS literature. Should this 

phenomenon continue we may see “geoslavery” come to fruition (Dobson and Fisher 

2003) where users are forced into sharing information. 

It is now increasingly possible for technology to help reveal social and natural 

phenomena and patterns that previously would have remained unnoticed and unknowns 

in the environment. Pervasive technology can be used to help people monitor human 

and geophysical behaviour (Loke, 2008; Miluzzo et. al., 2008). Pervasive computing 

combined with VGI could potentially support large-scale environmental movements 

supporting an effort for individuals, businesses and groups to upload and access 

information about their local environments and follow up with reflection, discussion and 

debate (Paxton 2008). However, finding relevant VGI for a specific purpose can 

sometimes be difficult if you are not using the same terms to search for the topic as the 

person who created the information. Raper (2007) points out that ontological approaches 

often have a poor match with a users cognitive domain. Ontology and semantics can be 
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a challenge when dealing with VGI as even people who speak the same language have 

different spellings and dialects. Additionally, perception of distance varies among 

individuals, which can affect search terms, and search criteria implemented by the 

system as well as classifications. Another challenge of VGI is the use of local place 

names versus official place names on a map (Ricker et. al., 2013). A mismatch can be 

quite disconcerting for a map viewer who is not familiar with the place.  

Other considerations associated with VGI are data accuracy and precision. Good 

intentions do not ensure accurate geospatial data (Crampton, 2009). Planners and other 

professionals rarely want to use geospatial data that is unverified, uncertified and 

publicly produced (Tulloch, 2008). However, this is shifting as governments are 

increasingly engaging the public through social media. Despite these criticisms, VGI 

gives non-experts an opportunity to make maps that look more professional than they 

would have been able to create otherwise. These maps are also available to a wide 

audience on the Internet.  

Location Based Services (LBS) are examples of scalable ubiquitous computing 

apps designed for use in environments ranging from individual buildings to cities and 

even whole regions in the case of natural parks (Raper, 2007). Raper (2007) did not 

allude to the possibility of a data set that would be available at a global level. This sort of 

scale is only now possible coupled with VGI. There is no way that one researcher could 

populate enough points at a large scale. The device and the database will need to know 

the location of the user so that the most relevant information can be distributed to the 

user making the query. The platform being used should support real-time positioning and 

location awareness or sense of space and place for context of the map (Raper, 2007). 

The information offered via LBS are typically displayed to the user via geovisualizations.  

Geovisualization is the display of geospatial information to be explored 

interactively in an effort to facilitate the process of hypothesis formation and knowledge 

construction (MacEachren and Kraak, 2001; Tobón, 2005; Kraak and MacEachren, 

2005). Interacting with geovisualizations is a private activity in which unknown spatial 

patterns are revealed in a highly interactive environment (Slocum et. al., 2005). 

Geovisualization provides links to more than one view (through multimedia, or another 
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map, or table, etc). The main difference between cartography and geovisualization is the 

interaction afforded to the map viewer. In some cases, information may go unnoticed 

without the interaction. Geovisualization, is similar to visualization in that it is a cognitive 

activity with the purpose of gaining understanding of information, by representing the 

data in a graphical format that may reveal otherwise hidden information (MacEachren 

and Kraak, 2001). Modern cartography and maps are now seen as “interactive portals” 

since users are no longer passively observing them but often able to interact with them 

by changing the organization, visualization, and structure of the map while viewing them 

(MacEachren and Kraak; 2001:5).  

Geovisualization shares a similar meaning as visualization in that it is a cognitive 

activity with the purpose of gaining understanding of information by representing the 

data in a graphical format that may reveal otherwise hidden information. 

Geovisualization is displaying this information in an interactive manner so that spatial 

data can be explored in a way that facilitates the process of hypothesis formation and 

knowledge construction (MacEachren and Kraak, 2001; Tobón, 2005). Geovisualization 

is a field, which draws upon approaches from several disciplines such as cartography, 

scientific visualization, image analysis, information visualization, exploratory data 

analysis, Geographic Information Science (GIScience), human computer interaction, 

psychology and others (Dykes et. al., 2005). Geovisualization is an interactive process. 

Traditional geovisualization interfaces were developed for expert Geographic Information 

System (GIS) users (Cartwright et. al., 2001). No longer is it only experts using software 

associated with GIS and GIScience.  

Cartwright et. al., (2001) identify major research themes regarding spatial 

interface and geovisualization research to include: representation, navigation and 

universal usability. Representation pertains to the metaphors chosen to represent a task 

that a user tells the interface to initiate. Navigation in this context refers to the interaction 

with the map, between spatial objects and related temporal and thematic features (ibid.). 

Also, interfaces need to be standardized so the users know what to expect increasing 

the likelihood of universal usability. “Usability refers to the effectiveness of the interaction 

between humans and computer systems and it can be specified in terms of how well 

potential users can perform and master tasks with the system” (Haklay and Skarlatidou, 
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2010:5). One main research question identified by Cartwright et. al., (2001:56) is “How 

do we adapt or create interfaces to interact with geovisualization using new and 

emerging devices and how do we measure interface effectiveness?” This research 

question has yet to be answered by the geovisualization research community as 

research measures and methods have not been identified and agreed upon.  

1.3.3. Modern mobile cartographic communication process 

Mobile computer users may receive information relevant to their current position 

through the use of ubiquitous computing devices and associated LBS, contribute their 

experience in a place as VGI and view additional information via various 

geovisualizations. LBS are services that offer information about where a location aware 

device user is situated (Gartner et. al., 2007; Jiang and Yao, 2007) while VGI are spatial 

data that are offered voluntarily by individuals (Goodchild, 2007 a, b). Geovisualization is 

the display of the geospatial information to be explored interactively in an effort to 

facilitate the process of hypothesis formation and knowledge construction (Dodge, et. al., 

2008; Dykes et. al., 2005; Kraak and MacEachren, 2005; Tobón, 2005; MacEachren and 

Kraak, 2001). These three components are key drivers of the success and adoption of 

location based applications (LBApps). Advances in technology have lowered the costs of 

VGI production and distribution, which has led to a vast influx of heterogeneous 

information from various sources and accessible on the web (Flanagin and Metzger, 

2008; See VGI Special Issue of GeoJournal, 2008). The literature surrounding these 

three components is extensively discussed in chapter 2.  

Challenges in cartographic communication are no longer limited to map 

interpretation but also human computer interaction (MacEachren and Kraak 2001). To 

respond to these rapid changes in the technology and user demand, the field of 

geovisualization has emerged. The process of geovisualization facilitates independent 

exploration of data being presented, the specification of tasks and users can be difficult 

to measure since there are often no comparable situations to set as a control group 

(Tobón, 2005). For this reason, we need to look to other domains for research 

suggestions. We are at a point in time where we have the technological capabilities to 

create innovative and unique user interfaces to generate geospatial information in new 
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ways that were not previously possible. As graphics cards improve, hardware prices 

decrease, sensors get smaller, datasets grow, and people become more comfortable 

and familiar with digital ubiquitous technologies, we are seeing an increasing opportunity 

to collect and share geospatial information with a growing audience.  

Popular mobile applications offer the end user the ability to add VGI, access 

LBS, and interact via unique geovisualizations. However, it is unknown if different levels 

of understanding of space are gained by different types of interaction with applications. 

There are different types of application users. In Figure 1.1 the relationship between 

LBS, VGI and Geovisualizations is offered as a Venn diagram, the numbers represent 

how people may utilize an application. Those who only contribute their own information 

to a map or other form of goevisualization would fall in section 1, those who contribute 

VGI and use LBS using the geovisualizations offered by an application fall in section 2. 

As discussed in Chapter 3 of this dissertation, the majority of people who use location 

based applications fall into section 3 and only use LBS but likely do not intentionally 

contribute VGI.  
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Figure 1.1. Literatures and components that come together in applications 

being embraced by the general public. The numbers indicate the 
different ways in which users may be only using certain or all 
functionality afforded by an application.  

Traditional cartographic rules still apply to modern geovisualization. For a 

geovisualization to be effective, it must first adhere to traditional cartographic principles, 

a legend must be present, a north arrow, water is blue, and a title or description of the 

map is required. In traditional cartography there are five basic steps that need to be 

taken to construct maps for effective communication purposes (Slocum et. al., 2009). 

These traditional steps include: 1. Considering the real world phenomenon, 2. Determine 

the purpose of the map and its intended audience, 3. Collect data appropriate for the 

maps’ purpose, 4. Design and construct the map, 5. Determine whether users find the 

map useful and informative (Slocum et. al., 2009: 5). Additional considerations are 

required for digital interactive maps that include information collected from volunteers. In 

Figure 1.2 I display the 5 traditional steps of map communication outlined in Slocum et. 
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al., (2009) fundamentals of cartography textbook, I then add some further considerations 

that need to be included when incorporating VGI to into a map. Other considerations are 

the physical location of the end user or the volunteer when they are adding or 

consuming information, their level of digital literacy, the device they are using, whether 

the data collected is qualitative or quantitative, and whether accuracy is dependent on 

the user or their device? 
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Figure 1.2. Modification of Traditional steps to cartographic production 

modified to accommodate modern cartographic applications used 
on mobile computers (Modified from Slocum et. al., 2009.). 
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1.3.4. Usability and User Interfaces 

The goal of effective usability is to ensure a system is effective, efficient, 

enjoyable, easy to learn and easy to remember (Theofanos et. al., 2008; Harrington et. 

al., 2011; Hochheiser and Shneiderman, 2011). Usability is defined as “the extent to 

which a product can be used by specified users to achieve specified goals with 

effectiveness, efficiency and satisfaction in a specified context of use” (International 

Organization for Standardization). Usability evaluations are the systematic collection of 

information about the activities, characteristics and outcomes of the user interface, to 

make judgments about the usability of a UI, in an effort to improve its effectiveness and 

to make informed decisions about future design (Patton, 1997; Edwards et. al., 2008; 

Bowen, 2012). One of the main objectives of an evaluation is to support evidence 

informed action (Bowen, 2012). 

Principles of design for understandability and usability require an effective 

conceptual model and making controls visible (Norman, 2002). It should be clear by 

looking at an interface how the interface should be used. The controls should be placed 

in a way that makes sense to the end user. This design principle is referred to as 

mapping. For example the controls on a stove are placed in the same order as the 

burners they control. The knobs are also visible, and they protrude. It is very important to 

make controls and their feedback visible. Constraints, not allowing certain actions to 

happen, are also important to interface design. Also, good usability design provides 

affordances or suggestions of how a feature or control will work. The goal of interface 

design is to prevent frustration and promote ease of use (Norman, 2002). These usability 

recommendations apply to software user interfaces as well as tangle day-to-day objects. 

If a user becomes frustrated, they will discontinue use of an object. These 

communication principles for design apply to geovisualizations too.  

Interface research is a subset of Human Computer Interaction (HCI) research 

and has a unique set of challenges and criteria that it needs to address. The goal of 

interface research is to test unique characteristics of the design and implementation of a 

user interface to ensure that it is meeting the intended goals of the user and of the 

design.  
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A successful user interface will be transparent. In terms of geovisualization, 

transparency is the desired effect of the user not noticing that an interface is there at all, 

as described in the pervasive computing section. The user no longer sees the actual 

object (such as the mobile display or any buttons or controls) they are using the interface 

to view data, but rather they only see the information they are supposed to be learning 

about. If the user must constantly be examining the interface to see how it works and 

what to do next, they will be distracted from the goal, of information visualization. 

Another key feature of an interface is that it should offer feedback to the user 

when something happens. The feedback should reflect something negative if the user 

did something wrong or it should provide positive message if the user did something 

good. Some sort of message reflecting or highlighting what just happened sends the 

user signals about what he or she just did when interacting with the interface and it can 

lead to the user wanting to continue to interact with an interface. 

Affordance (Norman, 2002) provides potential users with the essential properties 

that determine or infer how an object could be used. Norman uses the classic example 

of a door. When a door has a horizontal bar at arms length this suggests to the user that 

it should be pushed. When a door has a bar at arms height placed vertically, this 

indicates to the potential user to grab and pull the bar or handle. The placement of the 

handle or bar is indicating to the user what needs to be done, which is providing 

affordance. An interface should provide subtle hints to the user about what a control is 

going to do. This will help the user more quickly figure out how the interface works and 

should make the interface more efficient to use. When a user flows through the interface 

from one desired outcome to the next, this will present a more pleasant, engaging and 

enjoyable experience (Whitton, 2010).  

1.3.5. Electronic Data for Injury Surveillance  

Thus far, I have tried to establish how tools associated with geospatial 

technology hold much promise to help identify spatial trends to help solve real world 

problems. Through the use of geospatial technologies and efficient data collection, injury 

trends could be identified. The use of GIS could be used to identify injury trends in 
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location, causal relationships and other information that could be used to identify ways to 

diminish the likelihood of injury.  

Injury is defined as harm to the body resulting in damage to health and can be 

fatal or nonfatal and may also encompass psychological trauma (for example the result 

of witnessing violent death or as a victim of a hate crime) (Christoffel and Gallagher, 

2006). Injury causes more deaths every year than HIV/AIDS, malaria and tuberculosis 

combined (WHO, 2008). For all people between ages 15 and 29, eight of the 15 primary 

causes of death are injury-related, including road traffic injuries, suicides, homicides, 

drowning, burns, war injuries, poisonings and falls (WHO, 2008). However, the 

associated burden of injury is often neglected by public health officials and policy makers 

compared to more visible infectious diseases (Schuurman et. al., 2008; 2010; Mock et. 

al., 2004). Many injuries are preventable and effective prevention strategies can be 

implemented through policy initiatives such as seatbelt and helmet laws, or alcohol and 

drug regulations. Diminishing the burden of injuries is a major challenge for public health 

officials (Krug et. al., 2009).  

Injury surveillance is the ongoing systematic collection, analysis, interpretation, 

and dissemination of injury data (WHO, 2008; Horan and Mallonee, 2003; Lund et. al., 

2004). The aim of injury surveillance is to “translate injury information into action” (Horan 

and Mallonee, 2003: 24). Injury surveillance is a crucial procedure to effectively assist in 

the identification of injury risk factors, incidence, severity, outcomes and costs which can 

then help public health officials, politicians, and other stake holders identify populations 

at risk of injury, implement and evaluate prevention programs, all in an effort to reduce 

the risk of injury (Cummings et. al., 1995; Horan and Mallonee, 2003; Lund et. al., 2004; 

Schuurman et. al., 2008). However, injury data collection often is incomplete or 

fragmented (Lund et. al., 2004) indicating a need for more effective data collection 

measures.  

Documentation of location data associated with trauma events enables the 

identification of spatial determinants associated with the risk of trauma (Schuurman et. 

al., 2008). These data can be used to guide injury prevention policy efforts and to 

determine the accessibility of acute trauma care systems (Schuurman et. al., 2008; Bell 
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and Schuurman, 2010; Lord et. al., 2010). GIS has proved to be an effective tool in the 

identification of injury hotspots or the spatial organization of trauma and in some cases 

the ability to identify determinants of injury risks (Schuurman et. al., 2008). Through 

spatial analysis of data collected through trauma registries, social and environmental 

factors associated with the risk of injury may be revealed (Cusimano et. al., 2007; 

Schuurman et. al., 2010; Bell and Schuurman, 2010; Lord et. al., 2010).  

Steps associated with a comprehensive injury surveillance system include data 

contribution, aggregation and dissemination. Actors involved in this process may include, 

but not limited, to health professionals, individuals and others (ie. police reports) who all 

play a vital role for injury surveillance systems to be effective (See 1.1). Typically 

hospital registries, and for injury surveillance specifically trauma registries, are traditional 

first steps for injury data collection in injury surveillance systems. Trauma registries are 

key components in injury surveillance systems, because they document data required to 

track quality indicators, identify quality improvements, advocate policy, benchmark 

trauma care, and injury epidemiology endeavours (Moore and Clark, 2008; Stelfox et. 

al., 2010; O’Reilly et. al., 2012). In an injury surveillance literature scoping review, it was 

found that 544 out of 571 abstracts mention trauma registries as vital components of 

health systems signalling their importance to injury surveillance systems (O’Reilly et. al., 

2012). Wasserman (2011) makes a direct and clear case indicating the value of 

Electronic Health Records (EHR) for injury surveillance in paediatrics. He argues that 

everyone interacting with an EHR needs to know what the data are being used for, to 

increase the likelihood of improved data entry accuracy and field completion rates 

(Wasserman 2011). For this reason, trauma registries have been selected as the case 

study for a usability evaluation for this dissertation. Trauma registries can be valuable 

opportunities to capture geographic data required for injury mapping and spatial 

analysis. 
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Figure 1.3. Injury surveillance scheme including process, tools, and actors 
involved with each step. 

World Bank and the World Health Organization (WHO, 2008) recognize it as a 

global burden and an issue that needs to be mitigated; yet very little data are available. It 

is unclear how 5 million deaths were recorded and aggregated to make the world wide 

number presented by the WHO, however, it is likely far more. Injury data collection, in 

both the developing and developed world, is one area where the use of mobile 

computers for standardized data collection could truly be beneficial for injury cause 

identification, and in turn, injury prevention.  

A critical first step in lessening the impact of injury through prevention is to 

identify regional injury hotspots and associated environmental and socio-economic 

correlations through efficient data collection. Through the collection of injury data, 

analysis can reveal tends in injury. Increasingly EHR are being incorporated into 
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workflows in hospital settings. This could be a pivotal step for injury data collection, 

including information about where and why the injury occurred. Clinicians are 

increasingly interested in using mobile computers in hospital settings, pervasive 

computing indeed.  

Using data collected from hospital registries in British Columbia, Walker et. al., 

(2014) found trends in space and time in terms of injury in Vancouver. It was found that 

73% of violent injury occurred at night, with the overwhelming majority being men 

involved while the two most affected neighbourhoods were also the most economically 

deprived (Walker et. al., 2014). Patterns of injury vary greatly between males and 

females; this is largely because domestic violence is likely dramatically underreported 

(Walker et. al., 2014). These types of analysis, contextual studies and injury 

identification and contextualization are not possible without access to data. Therefore, 

for this research, I focus on the data collection process. 

Design principles informed by geomatics and interface research could enhance 

our ability to communicate injury trends to policy makers. Captology is the design, theory 

and analysis of persuasive technology created for the purpose of changing attitudes and 

behaviours (Oakley et. al., 2008). This technique could be useful in illuminating policy 

makers, clinicians, public health officials and the public about injury trends, causes, and 

mitigation strategies through location-based applications. Motivation to change is likely 

to occur when shifts in beliefs, attitudes and learning take place. Location-based apps 

could help facilitate these changes (Klimmt, 2009). The goal of fusing captology and 

location-based apps is to share facts and knowledge in effort to educate the users to 

make informed decisions, not coerce them into believing a hidden agenda.  

Wakkary (2008) calls attention to the practice of ‘design-in-use’ and highlights the 

value of individuals adapting technology to meet their needs. In terms of technology this 

may lead to the sustainable action of technological reuse. Humans often use mobile 

computers in unexpected ways. This is prevalent in the medical sector, as well, for 

example when text messages are used to receive medical advice from a doctor far 

away. Mobile computers and associated software development kits are flexible enough 

for the construction of applications to meet the needs of clinicians with the goal of easing 
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their workload in an engaging and creative manner and improving health outcomes. 

There is no one size fits all in terms of interface and application design. If an application 

is difficult to use and does not becoming transparent, the user is likely not to use it. It is 

necessary to build an application that can be tested and modified to meet the end users 

needs. 

1.4. Dissertation Outline and Structure 

The three main chapters of this dissertation aim to illuminate understandings 

related to the main research objectives stated in the introduction in Section 1.3. These 

three chapters (Chapter 2, 3, and 4) were originally written as stand-alone peer reviewed 

journal articles for academic publication. Chapter 2 was written to illuminate the 

relationship between present literature regarding VGI, LBS and geovisualization and 

Chapter 3 reveals public perceptions of their relationship with mobile computers and the 

three components that make up location based apps that were covered in Chapter 2. 

Chapter 4 is a case study, transferring what was learned from perceptions and 

relationships between VGI, LBS and geovisualizations to a clinical setting. It is argued 

that clinical data entry could be considered a facilitated VGI. Pervasive computing issues 

apply to location based applications and clinical applications alike. Usability needs to be 

effective for users to embrace the technology and input their knowledge; technical 

considerations highlighted from the pervasive computing literature also need to be 

considered for the technology to be effective in both of these use cases. 

Chapter 2, 3, and 4 were written as standalone papers. Chapter 2 is published in 

Geography Compass. At the time of writing, a version of Chapter 3 is published in 

GeoJournal and Chapter 4 has yet to be published in a peer reviewed journal.  
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Chapter 2.  
 
Fuzzy boundaries: Hybridizing Location Based 
Services, Volunteered Geographic Information and 
Geovisualization 2 

2.1. Abstract 

Mobile applications are particularly exciting to geographers due to their ability to 

collect swathes of spatial data from citizens, to present information relevant to a users 

current location, and to present data via interactive visualizations. While these functions 

are presented together within a single mobile location based application (LBApp), the 

academic literatures pertaining to each of these three functions are highly fragmented. 

Thus, we ask: what is the relationship between the three major components of LBApps: 

Location Based Services (LBS), Volunteered Geographic Information (VGI), and 

geovisualization? Additionally, what are some of the possible resulting implications for 

users’ spatial understandings after interaction with these three components? Here we 

present literature from VGI, LBS and geovisualization that are relevant to mobile 

applications. We seek to reveal the synergistic relationship between these mechanisms 

in addition to the existing overlaps and gaps in the literature. We hope this is a starting 

point for geographers interested in researching mobile applications to further enhance 

the collection, distribution, and visualization of spatial data. Like traditional cartography, 

it is imperative to keep the intended audience in mind during each step of the LBApp 

design and research process. 

 
2 This chapter has been published in Geography Compass. Citation details: Ricker, B.; Daniel, S.; 

Hedley, N. (2014) Fuzzy boundaries: Hybridizing Location-Based Services, Volunteered 
Geographic Information and Geovisualization. Geography Compass. Vol. 8 Issue 7 Online July. 
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2.2. Introduction 

Mobile computers are becoming increasingly prevalent in society worldwide due 

to their increasing computing power, diminishing costs, increased access to the Internet, 

in addition to numerous other perceived benefits. We are quickly approaching life in an 

environment saturated with computing and communication capacity, a phenomenon 

referred to as ubiquitous computing (Weiser, 1991; Satyanarayanan, 2001). It is now 

possible for mobile computer users to gather and consume geographic information 

through various visualization techniques, almost anywhere. This opens up a multitude of 

opportunities to collect a wide range of geospatial information from willing and 

knowledgeable local citizens beyond purely social and introspective pursuits. 

(Goodchild, 2007b; Elwood 2008; Gouveia and Fonseca, 2008; Tulloch, 2008; Coleman 

et. al., 2009; Goodchild, 2009; Wiersma, 2010; Connors et. al., 2011; Elwood et. al., 

2012)  

Geographers are particularly interested in opportunities that ubiquitous 

computing present to gather, disseminate and access geographic information to help 

identify spatial patterns of human and physical geographic phenomenon. Mobile 

computer users may receive information relevant to their current position through the 

use of ubiquitous computing devices and associated Location Based Services (LBS), 

contribute their experience in a place through Volunteered Geographic Information (VGI) 

and view information via various geovisualizations. LBS are services that offer 

information about where a location aware device user is situated (Gärtner, 2007; Jiang 

and Yao, 2007) while VGI is spatial data that are offered voluntarily by individuals 

(Goodchild 2007a). Geovisualization is the display of the geospatial information to be 

explored interactively to facilitate the process of hypothesis formation and knowledge 

construction (MacEachren and Kraak, 2001; MacEachren, 2004a; Dykes et. al., 2005; 

Kraak and MacEachren 2005; Tobón, 2005; Dodge et. al., 2008).  

Through the study of ubiquitous computing from a geographic perspective, 

geographers are discerning the significance of the adoption of these tools for various 

purposes, opening a wide host of research questions. Presently literature covering topics 

pertaining to LBS, VGI and geovisualization are highly disjointed and these terms are 
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often conflated. However, mobile applications that offer all three, LBS, VGI, and 

geovisualization, we term location based mobile applications (LBApps). Since these 

mechanisms are presented to a user all at once within a single application, it is difficult 

for either the user or the researcher to distinguish the function or utility of individual 

components (LBS versus VGI versus geovisualization). In view of this, the on-going 

distillation of these areas into separate literatures makes very little sense. This literature 

review will address the research question: what is the relationship between the three 

major components of LBApps: LBS, VGI, and geovisualization? In addition, we will 

suggest a vehicle for the concurrent discussion and an exploration of what at present 

remain separate research areas.  

Effective utilization of LBS, VGI, and geovisualization are key drivers of the 

success and adoption of LBApps. We use the term LBApps when these ingredients are 

harnessed together within a single application. Each have a different function. VGI is for 

data collection or contribution to the cloud, whereas LBS distribute information to the 

transient data user or consumer. Various forms of geovisualization are used in user 

interfaces that facilitate VGI data entry or deliver visual information via LBS (Figure 2.1). 

The directionality of arrows in Figure 2.1 are intentional: they are unidirectional and not 

bidirectional. VGI is collected from an individual and stored in the “cloud” otherwise 

known as the Internet, and then may be distributed to others who have Internet access 

through the use of LBS mediated by a geovisualization displayed on a user interface. In 

the following sections, we review and synthesize literature that relates to the 

components of popular mobile applications and require human interaction with the user 

interface, specifically; data collection through VGI, geospatial data aggregation and 

dissemination through LBS and information interaction using geovisualization. 
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Figure 2.1. Illustration of the data cycled associated with LBApps, VGI is 

contributed to the cloud while LBS is distributed to the user as the 
geovisualization acts as the interface between the data and the user. 
Notice the arrowheads are unidirectional 

The aim of this manuscript is not to present an exhaustive literature review, but 

rather to identify the purpose of each of the individual components of mobile location 

based applications and the necessity of making this distinction. By hybridizing current 

literature, we aim to illuminate and present crosscutting research themes in the literature 

that have previously gone unnoticed, as well as to identify gaps in the literature. An 

underpinning theme of this enterprise is the question of whether users’ interactions with 

VGI, LBS, and geovisualizations shape their experience and understanding of place.  

Below, each literature will be briefly introduced and synthesized because 

presently, mobile geospatial applications offer all three within a single application, while 

these literatures have yet to be hybridized. We call for more research to investigate how 

geography related application (app) components namely LBS, VGI and geovisualizations 

–individually and collectively– may sway geographic understandings.  
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2.3. Volunteered Geographic Information (VGI) 

VGI refers to the use of technology to contribute geographic material to be 

shared with others on the Internet (Goodchild 2007a). Advances in technology have 

lowered the costs of VGI production and distribution, which has led to a vast influx of 

heterogeneous information from various sources, accessible on the web (Flanagin and 

Metzger 2008; Elwood 2008; Seeger 2008).  

VGI began to materialize during the emergence of Web 2.0 (or the ‘Read/Write 

Web’), with developers creating mash-ups overlaying unique datasets, often generated 

by distributed Internet users, laid on top of an interactive digital globe. VGI contrasts 

traditional approaches to geographic information collection in that the quality standards 

are highly variable and the social process that mediate its creation are not always 

professionally motivated (Turner 2006; Goodchild 2007a, b; Elwood et. al., 2012; Haklay 

2013). VGI is often seen as playful and fun, with the primary goal simply to bring 

attention to oneself (Goodchild, 2007a). VGI has been heralded for its ability to 

document and share local knowledge that once went unnoticed (Goodchild 2007b; 

2008).  

There is increasing excitement in the use of mobile technologies for scientific 

endeavours such as data collection through citizen science (Goodchild 2007b; Gouveia 

and Fonseca 2008; Tulloch 2008; Coleman et. al., 2009; Goodchild 2009; Wiersma 

2010; Connors et. al., 2011; Elwood et. al., 2012). VGI for citizen science is particularly 

promising because inviting the distributed public to contribute to collecting scientific data 

presents a new opportunity to stockpile larger sample sizes. However this introduces 

new concerns about data collected by citizen scientists, such as credibility of the data 

(Flanigan and Metzger 2008; Gouveia and Fonseca 2008), political implications (Elwood 

2008) and transitioning the role of the participants (Haklay et. al., 2008; Tulloch 2008) 

that these new modes of interactive mapping present (Goodchild 2007a, b; 2009; 

Elwood 2008).  

Common purposes for the contribution of VGI that have been identified include i) 

citizen science data collection (Goodchild 2007a, b; Gouveia and Fonseca 2008; Tulloch 

2008; Coleman et. al., 2009; Goodchild 2009; Wiersma 2010; Connors et. al., 2011), ii) 
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documentation of individual experiences (Turner 2006; Goodchild 2007a, b; Zook and 

Graham 2007), iii) record user movements (Dobson and Fisher 2003; Kessler, 2011), iv) 

social interactions (Zook and Graham 2007). As the literature mentions above indicates, 

VGI provides a unique opportunity to collect ideas and perceptions of place and space, 

yet there is a dearth of literature related to how the process of VGI contribution may 

influence or shift spatial and placial understandings. Presently the technology is 

seemingly driving the functionality and representation of VGI rather than the demands of 

the contributors (Kessler 2011).  

LBS and VGI are technologies associated with Geographic Information Systems 

(GIS) and have been critiqued due to their appropriation for governmental power and 

image manipulation, surveillance, and pushing a technocratic view of social problems 

(Curry 1995; Pickles 1995; Schuurman and Pratt 2002; Cromley and McLafferty 2012). 

Using the term VGI implies the “volunteer” is aware that they are contributing the 

information (Goodchild 2007a). Harvey (2013) calls for a distinction between contributed 

(unknowingly) and volunteered (knowingly) information. The ethical and legal 

implications of using data collected by human sensors for various purposes are ill 

defined (Harvey 2013). Perhaps crowdsourced geographic information would be a better 

umbrella term, with sub-classes such as volunteered, automated, scraped, tracked 

(Harvey 2013). 

Elwood and Leszczynski (2013) take these ideas a step further describing VGI as 

“information artefacts” and question the knowledge politics involved with this type of 

information. VGI initiatives are being critiqued for reinforcing existing power structures by 

being exclusionary, due to the digital divide and other social, economic and cultural 

barriers (Haklay 2010), while introducing a host of privacy issues (Elwood and 

Leszczynski 2011; Leszczynski 2012; Wilson 2012). VGI is creating an uneven 

landscape where areas of wealth are benefiting from more coverage of spatial data 

(more detail and more accurate) while rural and poorer areas enjoy less coverage in 

their spatial data (Haklay 2010). Specific types of people are adding spatial content to 

the web, perpetuating an uneven representational landscape (Stephens 2013). These 

critical Geographic Information Science (GIScience) perspectives provide valuable 
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lenses through which to achieve a more balanced understanding of contemporary forms 

of mapping including VGI.  

Despite these perceived drawbacks, mobile location-aware technologies offer a 

unique potential to be used for data collection and information access to the general 

public (Tulloch 2008; Cinnamon and Schuurman 2013; Cromley and McLafferty 2012). 

Presently people have contradictory views of VGI use for human surveillance purposes. 

Many undergraduates view VGI used without consent on social media as a violation of 

privacy, but do not see it a problem when their VGI was collected for business or law 

enforcement purposes (Kar et. al., 2013). These views differ among individuals and will 

change as social norms evolve with the availability and acceptance of technology. In her 

article covering legal topics and VGI, Scassa (2013) divides the actors associated with 

VGI into three categories: hosts, contributors and users. All involved should be aware of 

the legal implications of their practices and intended use of these data. VGI site and 

mobile application operators need to explicitly state the intended use of the content 

being collected (Scassa 2013).  

The advent of VGI has created a new relationship between the data producer 

and the subsequent consumer of the information (Sui 2005; Budhathoki et. al., 2008; 

Elwood 2008; Sui 2008 a and b; Tulloch 2008; Elwood 2010; Cinnamon and Schuurman 

2013; Scassa 2013; Sui e al 2013; Thatcher 2013) however, there are far more 

consumers of geographic information than producers. Relatively few people contribute 

this type of data online. A recent Pew Study found that 35% of Americans own 

Smartphones (Zickuhr and Smith 2011) and of those, 74% use their phones for LBS 

(Zickuhr 2012) while only 5% use their phones for VGI (Zickuhr and Smith 2011).3 VGI is 

a data collection mechanism. Once VGI is collected, aggregated and distributed to 

others, it then becomes the content of LBS. It is easier for a Smartphone user to 

consume information via LBS, than it is to contribute or create VGI.  

 
3 These reports do not make clear if those who contribute VGI also consume LBS and 

those who consume LBS also contribute VGI.  
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While the explicit name VGI refers strictly to the data that are collected, much of 

the literature amalgamates this term with the process of data collection and presentation. 

For example, Liu and Palen (2010) define VGI using a direct quote from Goodchild 

(2007) however the direct quote they choose, Goodchild is describing trends in 

neogeography, not VGI specifically. “Within neogeography, VGI describes increasing 

‘interested in using the Web to create, assemble, and disseminate geographic 

information provided voluntarily by individuals’” (Goodchild 2007a: 211 qtd. in Liu and 

Palen 2010: 70, emphasis added here to illustrate how the term is amalgamated). In this 

particular example the distinction between LBS and VGI is not crucial to the argument 

the authors are making, or the point of the paper. Goodchild (2007a) is credited for 

coining the term VGI and the focus of this paper is on data collection and associated 

challenges, not data dissemination.  

Thatcher (2013) refers to information collection and dissemination together as 

Volunteered Geographic Services. He uses successful examples of disaster response to 

illustrate the useful potential of Volunteered Geographic Services to gather and 

document data regarding human needs post disaster that can be used to inform disaster 

response priorities (Thatcher 2013). Wilson (2012) uses the term LBS to describe how 

‘conspicuous mobility,’ the act of volunteering geographic information while traversing 

space and time, can be and is exploited for financial gain by the service providers. 

These are only a few examples of how the terms LBS and VGI are syndicated. During a 

Geoweb discussion on Twitter focusing on the topic of how VGI should be 

conceptualized, Haklay (2012) recommends that we simply acknowledge that volunteer 

was a poor choice of terms to describe such a complex phenomenon and move on.  

While present literature frequently conflates the terms VGI and LBS, it is 

important to recognize that while VGI may become LBS within a single mobile 

application, the two serve very different purposes and may result in different learning 

outcomes or experiences in a place. Furthermore, the majority of participants in mobile 

applications are acting as users of information, not producers. VGI is a process 

dominated by ‘the outspoken few’ (Zook and Graham 2007). The quality of the data may 

be good despite low numbers of contributors; the coverage and depth of the data may 

be sparse in poorer areas compared to the rich (Haklay 2010). For these reasons LBS 
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and VGI should not be conflated, and instead be considered individually. With this in 

mind, in the following section we engage the LBS literature. 

2.4. Location Based Services (LBS) 

LBS are distributed services that provide mobile computer users information 

relevant to his or her location (Gärtner et. al., 2007; Jiang and Yao 2007; Raper 2007; 

Roth 2013). Spatial information offered via LBS is generally contributed by businesses, 

official data sources (such as governments) or by various volunteers through VGI that 

has been aggregated and subsequently disseminated through the LBS. Despite VGI 

being a main data source for many popular LBS, there is limited literature revealing the 

relationship between LBS and VGI. Users rely upon LBS primarily to answer three 

questions 1) What is near me? 2) Will I like it? and 3) How do I get there? 

The most popular use of LBS is for the consumption of turn-by-turn navigation 

instructions to assist with way-finding tasks through the use of a GPS. LBS are 

becoming increasingly popular for urban exploring initiatives such as finding reputable 

food establishments (ex. Yelp, Foursquare, UrbanSpoon). These LBS can be used to 

find virtually any business included in Google’s database or to find out where your 

friends are going (ex. Foursquare, Facebook check-ins).  

Topics covered in the LBS literature focus on associated technical challenges 

such as location detection methods, accuracy, precision, and related sensors (Baldauf 

et. al., 2011; Blankenbach and Norrdine 2011; Link et. al., 2012; Niforatos et. al., 2012). 

These are important issues because they dictate the accuracy and relevance of the 

information presented to the end user. LBS are often developed by businesses that seek 

revenue profiting from the content contributed by the users (Wilson 2012). 

Similar to VGI literature, privacy and surveillance are also prominent issues in the 

LBS literature (Duckham et. al., 2007; Iqbal and Lim 2007; Mascetti et. al., 2007; Clarke 

and Wigan 2011; Thurman 2011). The seemingly negative underbelly of VGI and LBS 

involves its application for tracking human movement for negative or sinister surveillance 

purposes. Three categories of adverse impacts of VGI combined with LBS include its 
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use for: 1.) Location based advertising or spam, 2.) Infringement on personal safety, 3.) 

Intrusive interference (ie. Privacy or sensitive information) (Kar et. al., 2013). Research 

has revealed that the use of LBS may have negative consequences for spatial cognition 

and wayfinding (Ishikawa et. al., 2008; Willis et. al., 2009). Additional challenges with 

LBS (and all spatial data collection, distribution and organization) are that an end user 

could misunderstand the information and not everything of relevance maybe 

documented in a geodatabase (Schuurman, 2008).  

Despite these drawbacks, VGI and LBS acceptance is growing. The interfaces, 

through which a user contributes or consumes geospatial information, are increasingly 

mediated by geovisualization features. These visualizations range from very simple 

annotated 2D map views of location to complex 3D geovisualizations. In the next 

section, we consider literature related to the visual environment in which the VGI and 

LBS experience is mediated.  

2.5. Geovisualization 

Geovisualization is a subfield of cartography in which the map user is presented 

with interactive cartographic representations. The aim of geovisualization is to reduce 

the complexity of geographic information in an effort to assist the user in generating 

meaning from large datasets (Fabrikant and Buttenfield 2001; MacEachren and Kraak 

2001; Furhrmann et. al., 2005; Elwood 2011). The main difference between 

geovisualization and traditional cartography is that geovisualizations offer varying levels 

of interactivity. Geovisualization is an independent task in which users interact with 

geospatial information that enables them to feel that they have made a new discovery 

and formed their own ideas and conclusions (Slocum 2005). The study of 

geovisualization involves issues related to cognition and usability, differences in 

interface design, and the computational integration of visualization (Cartwright et. al., 

2001; MacEachren and Kraak 2001; Slocum et. al., 2001; Dykes et. al., 2005).  

Presently, there are a wide range of geovisualization techniques and associated 

interfaces available. These geovisualizations range from inert 2D static maps to highly 

interactive 3D interfaces, varying considerably in hardware capabilities and affordances 
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and network connections. When considering what functionality to make available within 

a geovisualization the following should be considered: the targeted task, targeted user 

and afforded level of interaction from data presentation to exploration (MacEachren et. 

al., 2004). Geographic research has shown that some forms of interaction can support 

exploratory visual thinking (Andrienko and Andreinko 1999; Roth 2013; Dykes et. al., 

2005; MacEachren 2004a). Striking the right balance between learning enablement and 

distraction is key to geovisualization interfaces. Too much interaction and complexity can 

overwhelm and distract users, thereby undermining the applied purpose of the 

geovisualization to impart information. The interpretations of maps and success of 

interactions with user interfaces are heavily influenced by a person’s prior knowledge 

and experience (Montello 2009). 

It is well known that cartography is necessary and useful to abstract the 

complexity of everyday geographic reality into bite-size pieces that aid in the process of 

comprehending it (Slocum et. al., 2001). There is evidence to suggest that well designed 

traditional two-dimensional paper maps effectively and quickly convey complex spatial 

patterns to a map reader (MacEachren and Taylor 1994; Slocum et. al., 2001; 

MacEachren 2004b; Slocum 2005). Yet map users have shifted from using paper-based 

static maps to interactive digital maps. Advantages of mobile maps combined with GIS 

technologies include the ability to gather and display data revealing spatial patterns on 

the fly, access to information, ability to validate information by accessing information 

where it was collected, (increasing) ability to sense the users environment, and 

collaboration efforts (Clarke, 2004). Users interacting with maps on a mobile device are 

under unique stress in terms of input and interaction, computer processing, and user 

interface (UI) display constraints compared to traditional desktop users (Roth 2013).  

Geovisualizations most commonly afforded by LBApps, include an interactive 

map view (Figure 2.2), text view (Figure 2.3) and mobile augmented reality (MAR) view 

(Figure 2.4). Different applications offer various geovisualization options for VGI input 

and LBS consumption. Figures 2.2-2.4 are examples of how the same information may 

be displayed in different ways within a single mobile application. The spatial cognition, 

and geovisualization literatures help us to understand how geovisualizations and their 

delivery in situated settings, using mobile devices, may influence learning outcomes and 
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decision making of the mobile application user. In the following section we explore these 

spatial cognitive perspectives. 
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Figure 2.2. Screenshot of the tablet version of the app Yelp displaying 

restaurants near the user's current location.  
 
 

 
Figure 2.3. Text directions and map displayed revealing directions. 
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Figure 2.4. Screenshot of Mobile Augmented Reality view using Yelp's Monocle. 

2.6. Spatial Cognition and Geographic Understanding 

Spatial cognitive research in GIScience considers the mechanisms through 

which humans develop spatial knowledge through direct experience and indirect 

experience viewing geographic information (Montello 2009). Many LBApps collect and 

deliver aggregated spatial information, with the objective of improving navigation, spatial 

awareness, or to enhance understanding of geographic phenomena for various spatial 

decision-making purposes (Montello 2009). Geographic understandings are mental 

representations of a geographic space (Downs and Stea 1973; Stea and Blaut 1973), 

while spatial cognition encompasses the cognitive processes associated with encoding 

and retrieving spatial knowledge (Kitchin and Blades 2002). It is critical to recognize 

these nuances, to better understand spatial learning that may result from interaction with 

LBApps.  
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There are numerous methods for measuring spatial cognition and resulting 

geographic understandings (Thorndyke and Hayes-Roth 1982; Kitchin and Blades 2002; 

Vecchi and Bottini 2006; Montello 2009). These include tests that incorporate wayfinding 

tasks, layout and configurational tasks, distance estimation and directional 

approximations. A notable study conducted by Thorndyke and Hayes-Roth (1982) found 

that different types of spatial knowledge were gained from subjects using maps vs. direct 

navigation experience. It was found that map learners developed better configurational 

knowledge of an environmental space and the navigational learners were better able to 

estimate route distance and orientation ability (Thorndyke and Hayes-Roth 1982; 

Freundschuh 2002). Such knowledge, its development and mode of acquisition, has 

considerable resonance with emerging questions about spatial knowledge acquisition 

from 2D paper maps versus 2D digital maps on mobile devices, versus direct 

experience, versus mobile-spatial-information-enhanced direct experience.  

Willis et. al., (2009) compared participants who learned an environment from a 

paper map to those who learned on a mobile map that updated itself based on users’ 

movement while navigating the actual environment (like those found in certain cars). In 

this context, the mobile map could be considered LBS viewed through a geovisualization 

in the form of a map on a mobile computer. Willis et. al., (2009) found that mobile map 

users performed worse than paper map users on route distance estimation. Thus turn-

by-turn navigational systems have potential to effectively convey landmark knowledge 

associated with specific points of interest in viewable space, but fail to transfer this to 

configurational knowledge (Krüger et. al., 2004; Willis et. al., 2009). Users engaged in a 

secondary task while navigating a route are less able to keep track of learning new 

locations compared to those who do not have a simultaneous task (Lindberg and 

Gaerling 1983; Willis et. al., 2009). Ishikawa et. al., (2008) also reported negative 

implication of using mobile computers when they found that GPS users (which we 

consider LBS users) traveled more slowly and made larger directional errors, drew 

sketch maps with poorer topological accuracy and rated wayfinding tasks as more 

difficult than subjects who participated in direct-experience. Through the use of a paper 

map, resulting configurational knowledge and distance and directional estimation are 

more accurate (Lloyd 1989; Freundschuh 1992; Lloyd 2000; Kitchin and Blades 2002; 

MacEachren 2004b).  
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It has been suggested that mobile computer users apply minimal mental effort to 

wayfinding tasks when LBS are used in conjunction with a mobile map that updates the 

users’ current location (Peterson 2007). Being present in the actual environment with 

access to information presented through supporting technology may reduce the 

cognitive burden associated with comprehending geographic process and navigation 

(Armstrong and Bennett 2005). Yet this ‘cognitive burden’ is necessary to achieve 

maximum geographic understanding. Suggestions to improve geographic 

understandings while using mobile applications for wayfinding endeavours include: (1) a 

pre-task, (2) ability to self-report location to encourage active engagement, (3) short 

tasks that can be reviewed later and, (4) cue-match from LBS and subsequent 

geovisualization to real world (Willis et. al., 2009).  

Static 2D maps were developed to display simplified versions of concepts that 

are too complex for a user to comprehend (Slocum et. al., 2001). A map that too closely 

represents to the actual geographic phenomenon, regardless of pleasing aesthetics and 

accuracy, potentially sacrifices the user’s development of critical relational and 

configurational properties. Some users of mobile maps are unable to connect what they 

view on the map with what they view in real space (Willis et. al., 2009). Non-photorealist 

maps and environments are effective because they present clarity, usefulness, usability, 

functionality, aesthetic appeal, legibility, appropriateness, innovation, and likeability; 

while photorealistic maps and environments are weak in areas of legibility and aesthetic 

appeal, because they contain too much information (Plesa and Cartwright 2008). Our 

review of the VGI, LBS, geovisualization and spatial cognition literatures demonstrate 

that each have developed independently around specific priorities. There has been a 

recent increase in the interconnections between domains that have played out in the 

emergence of LBApps creating overlapping interests in these areas. There is value in 

identifying the synergistic relationship between these subfields commensurate with the 

nature of mobile applications and their emergent properties resulting from integration of 

these features, methods, capabilities and uses. 
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2.7. Discussion 

The properties and significance of VGI, LBS and geovisualization as components 

of popular LBApps have been described above. Each component requires varying forms 

and levels of spatial cognition. As a result, we currently do not have a firm understanding 

of how VGI, LBS and geovisualization influence (individually or in combination) 

geographic understandings mediated via LBApps. In this discussion we highlight 

similarities and gaps in the literature pertaining to VGI, LBS, and geovisualization. We 

stress the value in hybridizing these literatures for research purposes. 

Presently LBS and VGI literatures are fragmented while many of the research 

interests overlap. Here we aim to identify why it is beneficial to examine these literatures 

in tandem. LBS and VGI literatures are both concerned with data accuracy associated 

with the sensors that collect data. LBS literature primarily covers topics concerning the 

technical and mechanical hardware concerns associated with the sensors, while VGI 

from the human sensor standpoint focuses on the need to identify and reduce human 

error. Technical issues such as bandwidth and processing are pertinent to VGI in that if 

a system is too slow, users will no longer participate (Roth 2013). People are not the 

only contributors and influencers in the creation of digital content representing place. 

The geocoders associated with mobile applications also define digital content in unique 

ways in that they define where, what and how places are located (Zook and Graham 

2007, Stephens 2013). Additionally, automated sensors also play a role in this 

negotiated understanding of place in reference to sensor webs (Liang et. al., 2005) 

including what, who and where objects can be sensed and thus represented digitally.  

There is a emergent need to explore new types of geovisualization to effectively 

represent and convey meaning from this growing accumulation of diverse spatial data 

collected that vary in quality and quantity (Elwood 2008; 2010). LBS are heavily context 

dependent, thus the semantic heterogeneity involved with data collected via VGI and 

then presented via LBS may be interpreted differently based on the local jargon, 

semantics and the context of the situation. These considerations are relevant in the 

research, development and discussion of LBS and VGI. From a legal standpoint it is 

important to distinguish different actors and their roles within a single mobile application 
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development and data usage (Scassa 2013) and subsequent geographic knowledge. 

Consuming information is a very different experience than contributing information. Yet, 

the synergistic relationship between VGI and LBS make it easy to conflate these terms.  

Critical cartography reveals the potential for harmful consequences of the content 

and presentation of certain types of spatial data that may reinforce the power of 

governments, be used for surveillance purposes, and push a technocratic view of social 

problems (Pickles 1995; Curry 1995; Schuurman and Pratt 2002; Cromley and 

McLafferty 2012). There is an abundance of current literature covering the social 

implications of VGI and interactions with digital content (Zook and Graham 2007; Tulloch 

2008; Elwood and Leszczynski 2011; Cromley and McLafferty 2012; Wilson 2012; 

Leszczynski 2012; Schuurman 2013; Stephens 2013). Yet there is little research into 

how different types of specific user interface interaction capabilities and associated 

geovisualizations afforded by LBApps influence power relations or outcomes between 

those who contribute or consume geographic information and those in positions of 

power. Critical cartography arguments could be extended to include the examination of 

function and interaction providing or limiting interaction with data (Zook and Graham 

2007; Wilson 2012; Roth 2013). Haklay (2013) has critiqued the assertion that new 

geographic tools are in fact democratic, due to levels of digital literacy and associated 

tools are not equally accessible to all populations, an inherent limiting factor of 

participation.  

Findings presented here suggest that the use of LBS combined with a 

geovisualization may actually inhibit geographic understandings and spatial cognition. 

While mobile computer users’ attention is focused on the UI rather than on real place, 

our configurational knowledge and geographic understanding of the real world likely 

suffer. Researchers have identified reasons for this including: fragmented attention 

(Montello and Freudschuh 2005; Willis et. al., 2009; Spence and Feng, 2010), passive 

interaction (Willis et. al., 2009) and disconnection between the geovisualization or LBS 

and the real environment (Krüger et. al., 2004; Peterson 2007; Ishikawa et. al., 2008; 

Willis et. al., 2009). It is clear people are using LBApps, creating rich ways to expose 

otherwise hidden spatial phenomena and processes, and engage the users with 

applications that tacitly integrate GIScience concepts. More research is needed to 
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identify which suite of tools is best suited to communicate complex geographic concepts 

harnessing heterogeneous datasets produced by VGI. 

Peterson (2007) argues that when mental synchronization between mobile maps 

and the environment is not achieved, mental maps are ill formed causing the user to be 

perpetually dependent on a mobile computer for wayfinding. Individuals who have 

access to the hardware and the associated data resources required may then record 

their subjective experiences in a place and share them with others through various 

applications and associated user networks. These individual experiences include direct 

experiences with place as well as indirect experiences mediated through LBS and, for 

some, the contribution of VGI. Thus geographic understandings can be formed through 

indirect experiences and mediate direct experience while viewing content provided by 

social networks associated with LBApps. Geographic understandings and spatial 

cognition are difficult to measure, however traditional spatial cognition research 

methodologies could be fruitful in examining the different types of spatial knowledge 

acquired, based on active VGI contribution versus passive LBS consumption.  

Since the participation in a secondary task while navigating a route may lead to a 

diminished ability to keep track of learning new locations (Lindberg and Gaerling 1983; 

Willis et. al., 2009) it is possible that someone actively contributing VGI may be 

documenting their present knowledge while missing out on the formation of new 

knowledge and experience. The type of data being collected and subsequently 

presented may affect geographic understandings. It is vital that we investigate the 

interconnectedness of VGI, LBS and geovisualization together and individually in an 

effort to better understand the spatial learning outcomes as well as identify future 

research needs. 

2.8. Conclusion 

A review and synthesis of the VGI, LBS and geovisualization literatures has 

highlighted the need to more deeply investigate the relationship between the three major 

components of LBApps: LBS, VGI, and geovisualization. Currently, many of these 

distinct ingredients of LBApps are either considered in isolation, or aggregated in tools, 
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leading to subsequent conceptual conflation. We found that there were similarities in the 

VGI and LBS literatures related to accuracy of data. VGI scholars are concerned with 

human input and perception errors while LBS literature investigates error associated with 

physical hardware and sensors used for data collection and distribution. It was also 

found that many authors conflate the terms LBS and VGI for convenience purposes (Liu 

and Palen 2010, Wilson 2012); however, we argue the two serve very different 

purposes. We found strong literature connections between the use of LBS and resulting 

spatial cognition but no literature regarding the relationship between VGI contribution 

and spatial cognition. There was also little literature regarding geovisualization choices 

and resulting VGI. More research is needed to investigate how and if different types of 

geospatial data interaction that may empower or neglect different user groups (Haklay 

2013; Roth 2013).  

In this review and commentary we have attempted to highlight a number of the 

subtle yet significant disparities in terminology, conceptual consistency and features of 

LBApps. It is our hope that, by identifying both gaps and linking opportunities in these 

currently discrete literatures, we are able to stimulate dialogue on the these crosscutting 

themes which have previously, for the most part, gone unnoticed. These themes 

challenge us to investigate and discuss difficult questions regarding emergent properties 

of LBApps and the theoretical apparatus that is required to keep pace with them. By 

doing so we will be in a stronger position to understand the individual and combined 

influence of VGI, LBS and geovisualization on users’ understandings of geographic 

space and place, mediated by LBApps.  
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Chapter 3.  
 
Implications of smartphone usage on privacy and 
spatial cognition: Academic literature and public 
perceptions4 

3.1. Abstract 

The exponential adoption of smartphones affords the general public with access 

to tools (sensors) that were once only available to highly trained scientists and 

geospatial technicians. This affords more people with opportunities to contribute and 

consume information relevant to a smartphone users current location. Geographers 

have been applying critical theory to examine privacy implications associated with 

constant locational aware smartphone usage while applied researchers are measuring 

spatial cognitive abilities using empirically bound approaches. What remains unknown is 

how smartphone users perceive implications associated with privacy and spatial 

cognitive abilities as a result of smartphone use for location based queries. An online 

survey was administered to collect perceptions related to these issues from the general 

smartphone using public. It was found that while participants were mindful of privacy 

concerns associated with smartphone use, they reported that the benefits of smartphone 

use outweigh associated costs. Additionally, the majority of the participants found that 

their smartphones brought them confidence in wayfinding tasks rather than hindered 

them as literature suggests. Through this study we aim to describe how a lack of 

understanding of the general publics’ perceptions of smartphone usage may be limiting 

 
4 This chapter has been published in GeoJournal. Citation details: Ricker, B.; Kessler, F.; 

Schuurman, N. (2014). Implications of smartphone usage on privacy and spatial cognition: 
Academic literature and public perceptions. DOI 10.1007/s10708-014-9568-4 
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contemporary theory and practice within volunteered geographic information and 

Location Based Services related research associated with geography.   

3.2. Introduction  

Geographers are particularly interested in the public’s use of smartphones for 

spatial data collection and dissemination. Smartphones are mobile phones that contain 

additional sensors providing applications, which afford their end user with locational 

information, Internet access, and other capabilities. Geographers are hopeful that the 

use of mobile smartphones will be used to reveal and impart knowledge about spatial 

phenomena through volunteered geographic information (VGI) combined with location 

based services (LBS) and associated interactive maps (Goodchild 2007 a; b; Sui 2008 a 

and b; Haklay et al. 2008; Elwood 2008). Rapid adoption of technologies associated with 

smartphone use has had effects, both socially and cognitively, on the users. As we begin 

to become more dependent on smartphones for wayfinding and other geographic 

queries, academic geographers have identified concerns regarding the influence of 

smartphone use on privacy (Elwood 2008; 2009; 2010; Crampton 2010; Elwood and 

Leszczynski 2011; Elwood et al. 2012) and spatial cognitive abilities (Maguire et al. 

2000; Maguire et al. 2006; Ishikawa and Montello 2006; Ishikawa et al. 2008; Willis et al. 

2009). What remains unknown is how smartphone users perceive these issues that have 

been covered in the academic literature. We were particularly interested in privacy 

concerns and spatial cognitive abilities because they have been covered both in 

academic literature and the press. Additionally, we aimed to uncover perceptions related 

to one issue from critical geography (privacy) and one issue from applied geography 

literature (spatial cognitive abilities), both associated with smartphone use. A lack of 

understanding of the perceptions of smartphone usage may be limiting contemporary 

theory and practice within the geography and specifically VGI and LBS related research. 

Theories about how people should use smartphones could be developed lacking insight 

about how people are actually using their smartphones. Therefore it is our aim to identify 

how perceptions of smartphone use match and diverge from the academic literature. 

Here we pose three research questions: (1) Are smartphone users aware of their 

participation in spatial information contribution associated with VGI and LBS? (2) How 
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concerned are the public with privacy implications associated with smartphone use? (3) 

How do people perceive their spatial cognitive abilities as a result of smartphone usage 

for wayfinding? To find answers to these questions, an online survey was administered.  

We first present recent academic literature, pertaining to smartphone use, that 

relate to the research questions. Responses from the survey conducted for this study 

are shared and then synthesized with relevant literature. We aim to illuminate how 

smartphone users understand and view VGI and LBS usage, privacy concerns and 

spatial understandings compared with the perspectives shared in recent academic 

literature.  

3.3. Background 

Mobile smartphone technology is being rapidly embraced. In 2013, 91% of 

American adults had a mobile phone and 55% of American adults had a smartphone 

(Pew Internet Project 2014). A growing portion of the population in the United States are 

using their smartphone to obtain directions, 49% of those surveyed in 2012 (Duggan 

2014) and up to 74% use smartphones for wayfinding (Pew Internet Project 2014).  

3.3.1. VGI + LBS + Smartphones 

VGI presents an opportunity for individuals to offer spatially relevant data to a 

wide Internet enabled audience (Goodchild 2007 a; b). LBS provide the ability to access 

locally relevant information to a location aware device user (Gärtner et al. 2007; Jiang 

and Yao 2007). The collection of geographic information from smartphone users may be 

collected knowingly or unknowingly (Thatcher 2013). Collecting VGI and then distributing 

it to others via LBS, is an interconnected cyclical process making it difficult to distinguish 

when and where each act begins and ends (Ricker et al. 2014).  

VGI also provides an opportunity to record dispersed and diverse data about 

physical landscapes through citizen science initiatives on a scale that was previously not 

possible (Haklay et al, 2008; Goodchild 2007 a; b; 2009; Gouveia and Fonseca 2008; 

Tulloch 2008; Coleman et al. 2009; Wiersma 2010). This has brought about concerns 
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associated with data quality and reliability, and how to organize spatial data 

infrastructure (SDI) for heterogeneous data (Goodchild and Janelle 2004; Wilmersdorf 

2007; Budhathoki et al. 2008; Elwood 2008; 2009), and VGIs role in citizen science 

(Gouveia and Fonseca 2008; Tulloch 2008; Coleman et al. 2009; Goodchild 2007 a; b; 

2009; Wiersma 2010;).  

VGI scholars have also focused on the contention between what is and is not 

considered participation (Goodchild 2007 a; Seeger 2008; Tulloch 2008; Cinnamon and 

Schuurman 2013) what is and is not represented on digital maps created by publics 

(Zook and Graham 2007; Crampton 2009 a; Crampton 2010; Kelley 2014), as well as a 

rationale for their contribution (Goodchild 2007 a; Coleman et al. 2009; Wiersma 2010; 

Walker and Rinner 2013).  

From a critical cartography perspective, scholars are questioning resulting power 

relations from maps generated or modified through bottom up VGI approaches (Zook 

and Graham 2007; Crampton 2010; Elwood and Leszczynski 2012; Elwood et al. 2012; 

Brunn and Wilson 2013; Haklay 2013), highlighting that digital divides are reflected in 

VGI contribution (Cinnamon and Schuurman 2013; Kelley 2014). While these services 

can be harnessed for the collection and digitization of local knowledge, bringing attention 

to places and issues that may not receive notice otherwise, other communities may go 

under represented making digital divides (in)visible digitally (Zook and Graham 2007; 

Wilson 2011 and 2012; Elwood and Leszczynski 2012; Cinnamon and Schuurman 2013; 

Stephens 2013). Stephens (2013) clearly illuminates how content relevant to woman are 

glaringly missing from OpenStreetMaps (OSM), one of the most prominent open source 

VGI projects on the web. Haklay (2013) warns that the likelihood of VGI democratizing 

Geographic Information Systems (GIS) is severely overestimated. 

Other noticeable topics regarding opportunities for VGI covered in academic 

literature include urban planning and political participation (Johnson and Sieber 2013), 

education (Goodchild 2007 b; Sui 2008a and b; Haklay et al. 2008), epidemiology 

(Wasserman 2011; Cinnamon and Schuurman 2010; 2013; Goranson et al. 2013), 

health (WHO 2011; Cromley and McLafferty 2012; Cinnamon and Schuurman 2013; 
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Zargaran et al. 2014) and disaster management (Andrienko and Andrienko 2007; 

McFerren et al. 2007; Meier 2012; Roche et al. 2013).  

With this in mind, 49% of smartphone users use (what we consider) LBS while 

only 8% of Americans claim to share VGI (Duggan 2014), the outspoken few (Zook and 

Graham 2007). Given these numbers it is surprising how much literature focuses on a 

phenomenon (VGI) where relatively few presently contribute. Without an inspection of 

the perceptions held by the public, who are the main drivers of the opportunity 

associated with VGI, there is a significant possibility that the technology may dictate 

users’ behavior, rather than technology adapting to needs of the users, which may 

render the technology frivolous (Kessler 2011). While an increasing number of people 

are embracing mobile technology, their habits (rituals?) are continually evolving. 

Focusing on location awareness, in the next sections we present current literature 

pertaining to the use of VGI and LBS and users’ perceptions of privacy/surveillance, and 

spatial cognitive abilities resulting from smartphone use. 

It is worth acknowledging that when a volunteer is entering or consuming spatial 

data, or any kind of data, they are alone sitting at their desk or behind their smartphone, 

not engaging directly with another person or physical place (McConchie 2008).  

3.3.2. Privacy  

While smartphones and associated LBS can connect some and disconnect 

others, it is also increasingly possible for unintended viewers to access content being 

posted. When a volunteer contributes information to one application, this information 

may be repurposed in often unknown ways when an application makes their application 

programming interface (API) open and sharable to other applications (Elwood and 

Leszczynski 2012; Leszczynski 2014). We do not want people who have power over us, 

to use our online content against us. It is hard to post content for an intended audience, 

when your audience could be anyone (boyd 2014).  

There are a number of ways in which users can share their location knowingly 

either through check-ins (touch a button to document where they are in that moment) or 

sharing their location in a post on social media (ex. Geotagged Tweet), yet only 8% of 
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Americans claim to share locational information in these ways (Duggan 2014). Users are 

often able to share their location without knowing; sometimes an application may collect 

their geographic coordinates to then give them recommendations (including 

advertisements) based on their current position. App developers can use the orientation 

sensor in the user’s device to detect which direction the user is facing, proximity sensor 

to see how close they are to a point of interest, and even the geomagnetic field sensor to 

sense the raw field strength for each coordinate axis, then figure out if the user is on a 

bike, in a car or sitting still (Apple 2014; Android Developer 2014). While these advances 

are remarkable, we know little about how the public perceives this location aware 

phenomenon. Understanding risk is difficult because the perception of risk is a 

subjective experience influenced by various individual factors (Slovic 1987). 

Both academics and the general public seem to be well aware of these privacy 

concerns. LBS literature regarding privacy of location and use for tracking purposes has 

been covered from multiple perspectives and is a growing literature (Iqbal and Lim 2007; 

Mascetti et al. 2007; Clarke and Wigan 2011; Thurman 2011). Geosurveillance is 

defined as “the surveillance of geographical activities” (Crampton 2010: 113) or simply 

the observation of instances or movements across space. Crampton (2010) uses several 

examples of how governments and people with great amounts of power can use this 

information for sinister purposes. Foucault’s (1975) description of a panopticon, a prison 

where the guard is in the center and may or may not be looking at the prisoners at any 

time, where the prisoner constantly feels watched, acts as a metaphor for the 

surveillance society in which now live (Crampton, 2010). Now someone always has a 

camera in his or her back pocket or hand. People have the ability to take a (geotagged) 

photo of whatever is happening at any given moment that can be contributed to the 

Internet.  We live in a location aware omnopticon where the many survey the many as a 

result of the ubiquity of mobile smartphones (Rose-Redwood 2006; Elwood and 

Leszczynski 2011). Users of smartphones are increasingly aware of the omnopticon 

however likely not in those terms.5  

 
5	  A photo of Prince Harry was recently taken in Las Vegas when he was dancing naked with 

women, photo leaked as a result of the omnopticon not panopticon 
http://www.bbc.com/news/uk-21119721.	  
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In one recent empirical study, participants were asked to observe, reflect and 

record experiences with LBS to investigate readiness to share locational information 

(Abbas 2011). Experience and willingness to share information differed dramatically 

between participants, based on their relationship and concerns of trust between 

partners, parents, employers and security relating to strangers (Abbas 2011). Kar et al. 

(2013) found that smartphone users were largely aware of privacy concerns but did not 

change behaviors based on their concerns, seeing the value of smartphone usage to 

outweigh the drawbacks. The notion of privacy is being reconfigured and documented 

(Clarke and Wigan 2011; Elwood and Leszczynski 2011; Turkle 2011; Kar et al. 2013; 

boyd 2014). Teens have different privacy expectations. They believe that just because 

they post something online for anyone to read, it does not mean everyone should read it 

(boyd 2014).  

It is not just teens that are sensitive about who has access to material they 

present online, educational background also may influence perceptions and 

understandings of privacy. Mathews et al. (2013) found that students who have taken a 

GIS course are more aware and concerned with privacy issues surrounding smartphone 

use, but are no less likely to contribute VGI or use LBS. Largely, LBS users want to use 

their smartphones to help them call attention to their whereabouts, and/or their 

movements, engaging in “conspicuous mobility” (Wilson 2012).  

Despite concerns associated with privacy and LBS use, the cost benefits of using 

these applications often outweigh the risks on varying scales. From a large-scale 

perspective, society stands to benefit from the use of this data for public health and 

criminal surveillance purposes. During Vancouver Riots in 2011, law enforcement 

shared video surveillance footage and invited the public to help identify those who 

engaged in criminal activity since there were not enough police officers to enforce the 

law in real time (Michael and Michael 2011). The use of VGI could also be used to 

identify epidemiologic patterns necessary to link time, place, and people associated with 

transmission of disease (Goranson et al. 2013) and injury trends (Cinnamon and 

Schuurman 2010). However, collecting sensitive health data and associated locational 

information poses serious privacy risks to those who contribute this personal information 
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(Jones et al. 2011; Goranson et al. 2013). What remains unknown is how these evolving 

digital practices will increasingly influence both in person and online social norms.  

3.3.3. Spatial Cognitive Abilities 

Researchers are starting to investigate social and geographic learning 

implications of smartphone use. Roth (2013) provides an extensive literature review 

describing what we know and what we still need to learn about interactive cartographic 

visualizations, rightfully calling for a reevaluation of the literature to accommodate mobile 

map usage. Initial studies testing spatial understanding, primarily for wayfinding, one of 

the most common geography related tasks associated with smartphone use, have 

identified negative implications that result from smartphone use (Ishikawa et al. 2008; 

Willis et al. 2009). These studies are being conducted in fields that traverse geography 

and psychology.  

As humans navigate an environment or interact with a map, they use spatial 

cognition to construct a cognitive map or mental map of the area traveled (Downs and 

Stea 1973; Kitchin and Blades 2002; MacEachren 2004; MacEachren et al. 2004; 

Davies et al. 2010). These cognitive maps are developed procedurally, building 

configurational understandings of a landscape over time (Kitchin 1996; Kitchin and 

Dodge 2007). Imparting configurational knowledge while providing adequate 

navigational visualizations and direction is a well-known challenge filled with tradeoffs in 

terms of mobile map and user interface design (Kitchin 1996; Kettunen et al. 2012; 

Münzer et al. 2012; Roth 2013).  

Navigational performance is reduced by preoccupation with secondary tasks 

such as viewing a smartphone, rather than observing the environment in which the user 

is situated (Lindberg and Gaerling 1983; Willis et al. 2009). To compare the differences 

and the implications of smartphone use for wayfinding versus traditional paper maps, 

Willis et al. (2009) organized two groups of participants navigating a real environment: 

one group learned an environment from a map, the others learned using a mobile map. 

Willis et al. (2009) found that mobile map users performed worse than map users on 

route distance estimation, indicating that pedestrian navigational systems have potential 
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to effectively convey local space visible to the user in that moment, but fail to transfer 

configurational knowledge. Navigational performance is reduced by preoccupation with 

secondary tasks such as tending to the smartphone user interface (Lindberg and 

Gaerling 1983; Willis et al. 2009). Ishikawa et al. (2008) also reported negative 

implications of using mobile devices because GPS users traveled more slowly, made 

larger directional errors, drew sketch maps with poorer topological accuracy, and rated 

wayfinding tasks as more difficult than subjects who participated in direct-experience. 

Willis et al. (2009) identify cognitive problems associated with mobile maps to include 

attentional fragmentation, lack of reference between interface and environment and 

passive user interaction. Negative implications associated with the use of GPS for 

wayfinding tasks may be mitigated with improved and tailored user interface (Davies et 

al. 2010; Haklay 2010; Haklay and Skarlatidou 2010).  

Studies from tourism literature indicate that tourists visiting a new landscape feel 

more confident when they use smartphones (Wang et al. 2012). They felt encouraged to 

visit more places and try new things (Wang et al. 2012). From a spatial cognitive 

perspective, there seems to be a spectrum of benefits and drawbacks associated with 

smartphone usage where the perceived benefits differ from the cognitive benefits.  

3.4. Methods 

The research questions we are seeking to answer are: (1) Are smartphone users 

aware of their participation in spatial information contribution associated with VGI and 

LBS? (2) How concerned are the public with privacy implications associated with 

smartphone use? (3) How do people perceive their spatial cognitive abilities as a result 

of smartphone usage for wayfinding? 

To find answers to these research questions an online survey was created and 

implemented. The survey instrument posed a multiple choice, Likert scale and open-

ended questions. The questionnaire consisted of ten multiple choice (radio buttons or 

check boxes), one ranking question, and nine open ended questions.  
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Three undergraduate geography classes at Simon Fraser University, Burnaby, 

British Columbia, Canada and three undergraduate geography courses at Frostburg 

State University in Frostburg, Maryland, United States were recruited to participate in 

this survey. Those targeted for this survey were undergraduate students and likely tech 

savvy digital natives. While these geography students may have had a class where a 

few of the topics from geography literature pertaining to VGI and LBS were brought up, 

these were GIS, cartography and remote sensing courses, so the students were not 

experts or particularly familiar with the literature that was presented in the background 

section of this manuscript. Responses from the survey were collected from Feb. 29, 

2012 to March 14, 2012 and responses to a modified updated version of the 

questionnaire were collected from March 25, 2013 to May 3, 2013. Those who took the 

survey in 2012 and 2013 had similar demographic characteristics. 

The original survey that was implemented in 2012 posed questions regarding 

privacy, participation in terms of VGI vs. LBS and spatial cognition. Responses from the 

open-ended questions revealed increasing concern about how smartphones infringe on 

social interactions. Therefore a similar survey was implemented in 2013 replacing some 

of the former questions with new questions relating to topics that emerged from the 

open-ended questions. These questions related to social interaction and spatial 

cognitive abilities. See Appendix A for questions that were included in the online survey 

opened in 2012 and 2013.  

All data collected were tallied using Excel. From the data collected via the open-

ended questions, two research assistants (one being the first author) thematically coded 

the responses. The themes and sub-themes that emerged were identified and matched 

to existing literature and associated research questions.  

3.5. Results 

Here we present the responses from 142 participants who responded to the 

online survey in 2012 and 2013. Eighty-one participants were women and 61 were men 

(See Table 3.1 for gender break-down of participants).  
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Table 3.1. Sample gender makeup from each year data were collected via an 
online survey regarding perceptions of phone usage 

Sample Size Men Women Total 
2012 40 46 86 
2013 21 35 56 
Total 61 81 142 

The majority of the participants in this study were under the age of 30 and 

therefore considered digital natives (See Table 3.2 for age demographic).  

Table 3.2. Break down of the age ranges of the sample, 91 were under the age 
of 30 while 50 were over the age of 30. 

Age 2013 2012 Total 
18-25 years old 17 49 66 
26-30 years old 10 14 24 
31-40 years old 12 19 31 
41-50 years old 7 1 8 
51-60 years old 4 0 4 
Greater than 61 4 2 6 

Decline 0 1 1 

One hundred thirty-one of the participants said that they used their smartphone 

several times an hour or several times a day. Only 8 participants said they used their 

smartphone once a day or less, meaning all of the respondents were avid smartphone 

users. Responses indicated that users feel attached to their smartphones and use them 

for a wide variety of purposes.  

3.5.1. Responses related to VGI and LBS 

From those who participated in 2012 and 2013, 50% (n=71) said yes they had 

contributed VGI, 35% (n=50) reported, no they have not contributed VGI and 15% 

(n=21) were unsure if they had or did contribute VGI. Very few respondents reported that 

they share VGI in the form of geotagged photos (n=15), or track their movements (n=9). 

Seventy-nine percent used smartphone for LBS (n=111 to obtain directions, n=88 to find 

transit information). While citizen science participation related questions were not asked 

explicitly, when asked if participants had contributed any other kind of VGI in the open 
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ended-question; no one reported that they had taken part in citizen science initiatives, 

political participation, or mobile health related apps. Figure 3.1 displays the percent of 

the total sample that answer ‘yes’ or ‘no’ to specific questions about participation. 

 
Figure 3.1. Percent of total responses from multiple-choice question, “For what 

purpose do you use a Smartphone (Please select all that apply). 

From the open ended question about why you ‘do’ or ‘do not’ contribute VGI, 

fifteen people shared responses related to privacy or safety for reasons ‘not to’ share 

VGI, four people said they allow apps to access their locational information to obtain 

better service from the apps, while only four people said it was fun to share this 

information with social media. Three said they share this information with specific 

people, and two people said they see no use for sharing VGI. One person said they 

didn’t contribute VGI because they didn’t have the money for a data plan. Examples of 

direct quotes from open-ended questions related to why they ‘do’ or ‘do not’ share VGI 

are shared below:  

 “If I feel an application will work better I will allow it to track where I 
am going. Sometimes I accidentally allow it to and don't bother 
turning it off.” 
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“I only shared the personal geographic information using a 
Smartphone in very public or commonly known places such as a mall 
or busy restaurant.” 

“Don't have apps that would ask for it.” 

3.5.2. Responses related to privacy 

The issue of privacy came up frequently in responses to the open-ended 

questions. Very few of the participants answered that they use geolocational services to 

track their own (n=9) or their friends movements (n=8), or even knowingly geotagging 

photos (n=15). While participants indicate that they do consume locationally relevant 

information (transit information, directions), they do not wish to post information about 

their movements in cyberspace. In an open-ended question about privacy specifically in 

2013, only 36 responses were collected. Each response had to do with a fear of 

strangers, the government, or cyber criminals and stalkers using this locational 

information for sinister purposes. Four people brought up data mining and targeted 

advertising as a specific concern.  

The specific term “privacy” was brought up in the open-ended questions 13 times 

in the 2013 survey and 5 times in 2012. In the 2013 survey there was a question specific 

to privacy, 9 of the respondents mentioned fear of the government having their 

information. Below are two direct quotes from the 2013 survey: 

 “I am concerned about the potential misuse of said data by telephone companies 
or government agencies.” 

“I'm not generally concerned, although I do realize that there could be risks 
involved in this surrendering of privacy.  I do not like the idea, for instance of the 
government and law enforcement having unfettered access to the whereabouts of 
everyone using a smartphone.  I probably should be equally uneasy about a private 
company having such access...  but for the time being those companies' use of such info 
has seemed relatively benign.  My views on this may evolve if I see evidence of more 
nefarious usage.” 
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3.5.3. Responses related to Spatial Cognitive abilities	  

Participants used their smartphone frequently in both unfamiliar environment 

(80%, n=115) and in familiar places (84%, n=120).6 Forty-six percent (n=67) reported 

that they had tried a new restaurant or found a new business as a result of using their 

smartphone. Fifteen percent (n=4) used smartphones to get to a destination more 

quickly, while 54% (n=78) use them to avoid being lost, yet 18% (n=26) reported they 

have gotten lost while using their smartphone for directions. Twenty-six percent (n=36) 

reported to have gotten lost when following directions. Seventy-five percent (n=106) of 

the respondents said they had NOT gotten lost while using a smartphone, and some 

even said they felt more confident with their smartphone in tow. 

In the 2013 survey when asked specifically if they were concerned with their 

resulting cognitive abilities, of the 56 people who responded, 43 total reported to be 

concerned (n=22) or very concerned (n=21) about this implication. When asked explicitly 

if their cognitive abilities had changed of the 56 who responded, 17 reported ‘yes’, 27 

said ‘no’ and 12 were ‘unsure’. While the majority reported to not being aware of 

changes in their cognitive abilities, they were still concerned there may be changes.  

From the qualitative data collected via the open-ended questions, ten people 

relayed responses that indicated they feel more confident navigating an environment 

when they have their smartphone for help. Four people shared responses that indicate 

that they think their sense of direction has improved; three responses indicated they 

have less awareness of their surroundings. Five respondents had positive responses 

about smartphone usage. 

“I've gained confidence in navigating without GPS due to exposure of 
new routes. I've experienced more places and towns because I can 
rely on GPS? To get me there and back.” 

This confidence also included convenience of constant access to information 

relevant to their location. In an open-ended question about how your life would be 

different without a smartphone, 10 responses used the specific word ‘convenience’ while 
 
6 For ranking questions including this one, we counted all responses that were 3, 4, 5 and categorized them 

as being “most frequently”.  
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40 of the responses were coded under the idea of convenience, since they used terms 

like “easily.” If they also used words referring to social media or communication then 

they were counted under the theme of social connection as well.  

3.6. Discussion 

3.6.1. Considerations for VGI and LBS moving forward 

From the survey we administered online, the majority use LBS (for transit 

information) and half reported that they knowingly contributed VGI. This displays higher 

percentage contributing VGI compared to those surveyed in a Pew recent report 

(Duggan 2014), but this may be due to the age demographic and the educational 

background (geographers) of the sample in our survey, as well as possible mismatches 

between how VGI and LBS are understood and defined.  

Yet, this survey indicated that there is a higher proportion of LBS consumers than 

VGI contributors, which largely reflects the findings from Pew report (Duggan 2014), 

supporting the claim that “the outspoken few” largely control the content offered via LBS 

(Zook and Graham 2007). Table 3.3 shows a comparison between the findings collected 

from the sample for this survey compared to a 2013 Pew report collecting information 

about VGI and LBS (Duggan 2014).  

Table 3.3. Comparing the percent of the sample from online survey 
administered for this study with results of the entire American 
population from a Pew Report.  

Report VGI LBS 
2013 Pew (Duggan, 2014) 8% of Americans 49% of Americans 

Online Survey For this study 35% of our sample 79% of our sample 

No one who participated in this survey made mention of using VGI or LBS for 

urban planning and political participation (Johnson and Sieber 2013), education 

(Goodchild 2007 b; Sui 2008 a and b; Haklay et al. 2008), epidemiology (Wasserman 

2011; Cinnamon and Schuurman 2010; 2013; Goranson et al. 2013), health (WHO 

2011; Cromley and McLafferty 2012; Cinnamon and Schuurman 2013; Zargaran et al. 
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2014) and disaster management (Andrienko and Andrienko 2007; McFerren et al. 2007; 

Meier 2012; Roche et al. 2013) all of which are areas where VGI and LBS hold great 

promise. 

Smartphone users may or may not be digitizing places they know to benefit 

themselves or represent their lived experiences for reasons other than personal interest 

(Zook and Graham 2007; Crampton 2009 a; b; Crampton 2010; Coleman et al. 2009; 

Wiersma 2010; Goodchild 2007 a; b; Walker and Rinner 2013), they are likely unaware 

of the possible resulting power relations that may result from their contribution as 

suggested by Zook and Graham (2007), Elwood and Leszczynski (2012), Brunn and 

Wilson, (2013) and Haklay (2013). While those who participated in this survey seemed 

more worried about their personal privacy; they did not make overt reference to any 

understanding of the importance or power that may come from contributing VGI than 

what is discussed in recent Geography literature (Zook and Graham 2007; Crampton 

2009 a; Crampton 2010; Elwood and Leszczynski 2012; Brunn and Wilson 2013; Haklay 

2013; Leszczynski 2012). Goodchild (2007 a, b) suggests that the value in VGI is 

bringing attention to local values and phenomena that may go unnoticed otherwise, 

people are enjoying the documentation of these local business through the use of LBS.  

Contemporary research and resulting literature pertaining to VGI and LBS usage 

could benefit from insight into perceptions and the rationale held by the general public 

who are using smartphones. Perhaps more people would be willing to contribute VGI to 

citizen science, epidemiology and other spatial data collection endeavours that would 

benefit science and society, if a service of value to the data contributor, or the app user, 

such as displaying aggregated data, or incentivizing the process in some way. For 

example an additional service could be unlocked if the user contributes VGI. More 

research into this realm is needed. As Kessler (2011) warns, if we don’t understand this, 

the technology will dictate what people do, rather than people dictating the technology to 

meet their needs. 
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3.6.2. Considerations regarding privacy and surveillance 

Literature regarding privacy and VGI seems right on point matching concerns 

with the public. Many of the debates in geography literature related to VGI and privacy 

are relevant to the general public. The majority of the respondents indicated that they do 

not contribute VGI for privacy reasons, which matches ideas illuminated by Crampton 

(2010) highlighting concerns regarding government surveillance of the general public.  

Participants in this study seemed aware that governments, unwanted watchers, 

and marketers have the ability to infringe on their privacy through the use of other 

smartphone services, but they are not concerned enough to stop using their 

smartphone, which matches ideas posed by Elwood and Leszczynski (2011). No one 

admitted to being one of the watchers. If they are using smartphones for tracking 

purposes, it is likely they will not admit it since they see this behaviour as “creepy”. 

(Abbas 2011; Kar et al. 2013). While the general public may not be using the same 

jargon as academics to describe concerns, the awareness of the privacy implications 

associated with the omniopticaon are present. Those who participated in this survey 

agree with scholars who indicate that notions of privacy are dramatically and rapidly 

evolving, we are aware of possible privacy infringements associated with smartphone 

use but not concerned enough to stop using the services at this time, much like what has 

been suggested by Clarke and Wigan (2011), Elwood and Leszczynski (2011), Turkle 

(2011), Kar et al. (2013), boyd (2014).  

Participants in this study made it clear they want to enjoy the services provided 

by apps that offer locally relevant information. They admit to knowing there is a threat to 

their privacy involved in this exchange. For the time being, they are willing to make this 

tradeoff. This isn’t to say but this may change in the future. We are in the “wild west” of 

app development and repurposing data collected from users, where laws are being 

written as security breaches are being violated and not before. Increasingly, users are 

aware of this trend but until some significant privacy breach or drawback occurs, it 

seems users are willing to continue using LBS and VGI as is. 

Contemporary literature pertaining to privacy associated with smartphone use 

could benefit from investigating public perceptions of privacy and the evolution of privacy 
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concerns. Further attention could be brought to illuminate the benefits of sharing 

personal information for aggregation, and analysis and social good such as for public 

health purposes, crime prevention, or environmental modeling. 

3.6.3. Spatial cognitive literature versus public perceptions  

While it is well known that navigation ability and spatial cognition diminish as a 

result of using mobile maps (Lindberg and Gaerling 1983; Maguire et al. 2000; Ishikawa 

et al. 2008; Willis et al. 2009) it was found that the participants don’t seem to notice or 

care that their spatial cognitive abilities may be shifting. Literature suggests that people 

get lost longer as a result of being highly distracted during wayfinding (Lindberger and 

Gaerling 1983; Ishikawa et al. 2008; Willis et al. 2009) only 26% of those surveyed, 

reported to have ever gotten lost while using their mobile device for wayfinding.  

In fact, participants reported to feel more confident during wayfinding tasks when 

they had their smartphone in tow. Given reports about the negative implications of using 

a device for wayfinding reported in the literature (Maguire et al. 2000; Ishikawa et al. 

2008; Willis et al. 2009), this was surprising. However, tourist literature has studied 

public perceptions of smartphone use for tourism related tasks and found that people 

were more confident and comfortable in a new place with these wayfinding aids and 

associated LBS (Wang et al. 2012). Those in our study reported that they use their 

phone in familiar and unfamiliar environments, which indicates that people use their 

phones everywhere if they need them for wayfinding or finding a new business. The 

majority of participants in this study reported that they had tried a new restaurant or 

found a new business as a result of using their smartphone, which also matches Wang 

et al. (2012) findings from tourism literature. Our relationship with navigating new and old 

environments with the use of smartphones is changing our expectations of experience in 

place.  

It is possible that more people are reporting that they are getting lost less often 

because user interfaces have improved tremendously. The Willis et al. (2009) and 

Ishikawa et al. (2008) studies were conducted over 7 years ago, a lot has changed in 

terms of data access and availability, user interface design, user comfort level with 
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technology and their expectations. Perhaps mobile map makers have incorporated 

suggestions made by Willis et al, (2009) and made more references between interface 

and environment, making user interaction more active and less passive, and created 

more tailored user interfaces.  

Whatever the specific reason, people are becoming increasingly depended on 

their smartphones for wayfinding. Studies should be continuously conducted to monitor 

spatial cognitive abilities associated with smartphone usage based on interface evolution 

and user expectations and experience. Contemporary literature should be mindful of 

user perceptions and user needs associated with mobile mapping. Geographers are in a 

strange conundrum in that, as geographers and cartographers our responsibility is to 

design cartographic products to meet user needs. However, it is worth investigating how 

to help users meet their needs while imparting as much geographic understanding as 

possible in the process.  

3.7. Limitations 

Through this online survey we were only able to collect perceptions of behaviours 

rather than actual behaviours. It is unknown if the participants have in fact taken part in a 

citizen science initiative, public participatory or epidemiological study without knowing it. 

They may report using their smartphones in certain situations or report never getting lost 

when in fact they have gotten lost or taken longer to get to their destination without 

knowing it.  

Another challenge while building the questionnaire was selecting terms that were 

semantically relevant to the general public and correctly matching them to terms from 

academic literature. It is unclear whether the participants fully understood what each 

question was asking, for example in the open-ended responses with questions regarding 

spatial cognitive abilities, two respondents answered with comments about their ability to 

navigate an application user interface rather than navigate, an environment associated 

with for wayfinding. As with all surveys, another limitation is that certain responses may 

be prompted inadvertently based on previous questioning in the survey. These are a 

representative population of smartphone users today. 
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3.8. Conclusions 

The aim of this study was to illuminate how a lack of understanding of the 

perceptions of smartphone usage may be limiting contemporary theory and practice 

within the geography and specifically VGI and LBS related research. They are limited in 

that the priorities of the researchers do not always match the perceptions of the general 

public in terms of smartphone use and associated with geographic thinking. By 

investigating recent geographic literature and collecting perceptions of smartphone use 

through the implementation of an online survey, it was found that the literature largely 

matches the interests of the public. Similar to a recent Pew study (Duggan 2014), far 

more people consume LBS than contribute VGI. People are primarily using their 

smartphones to find locational and temporally relevant information such as transit times. 

They are less likely to share locational information primarily due to privacy concerns, but 

also because many do not see the utility. There is a large body of literature that is very 

excited about VGI for research purposes, even though a very small portion of the 

population contributes this type of information.  

Therefore, we tried to provide insight into how a lack of understanding of the 

perceptions of smartphone usage may be limiting contemporary theory and practice 

within the geography and specifically VGI and LBS related research. Without this insight, 

we risk creating technology that is not useful to the target audiences, and investigating 

theory and ideas that are not of interest to the general public and who are the main 

drivers of content collected via VGI. 

Through this research it was found that while smartphone users are largely 

aware of privacy risks associated with smartphone use, they are not willing to change 

behaviours at this time. They understand that the content the provide on their 

smartphone maybe reused in unintended ways, most sharing that they were concerned 

the government would gain access to their private information.  

Additionally, smartphone users are not concerned with resulting spatial cognitive 

abilities associated with smartphone use, they are more concerned with achieving 

wayfinding goals. They report feeling more confident navigating an environment with the 

aid of their smartphone device despite that spatial cognitive literature suggests 
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otherwise. Early research regarding smartphone use for wayfinding found that people 

suffered negative consequences from the use of these mobile devices getting lost longer 

and making larger directional errors. If this is now the case outside of the confines of 

research contexts, the general smartphone user does not seem to either notice or mind 

these seemingly negative consequences. This could be due to the fact that mobile user 

interfaces have improved greatly since these early studies or that people are more 

familiar with navigating them.  

Social norms and expectations will continue to evolve as mobile technology 

increasingly permeates our lived experiences and assists us with day-to-day tasks. As 

researchers, it is important for us to study ways in which we can use this technology for 

good, but also how the general public is already using the technology, so we can better 

design LBS and VGI projects that will be successfully embraced in the future. 

Understanding public perspectives and existing use may help in these endeavours.  
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Chapter 4.  
 
Assessing the usability of mobile information 
technology tools in the digital age of trauma surgery7 

4.1. Abstract 

Injury takes the lives of over 5 million people worldwide each year (WHO, 2008). 

Identifying the causes and location of injury can enhance injury prevention efforts. 

Electronic Health Records (EHR) act as effective tools for injury data collection. A quick 

and easy EHR usability evaluation method geared towards busy clinicians was 

developed and tested. The aim of this evaluation was to record and analyze feedback 

offered by clinicians to improve and modify an EHR prior to its deployment with real 

patient data during clinical workflow. A qualitative research approach, utilizing heuristic 

think-aloud hybrid usability evaluation protocol, was implemented to evaluate the 

electronic Trauma Health Record (eTHR). Seven intended users of the eTHR acted as 

evaluators of the eTHR user interface. Mock patient data were entered into the eTHR 

while verbal feedback about the system was offered during the data entry process. 

Qualitative data recorded during this evaluation was then coded for emerging themes. 

Through the utilization of this usability evaluation protocol, heuristic usability violations, 

technical and workflow issues were all identified and remedied prior to the eTHRs 

deployment. As a result, the eTHR was modified to meet the intended users needs. 

Since usability modifications were identified early in the development process, the 

system developers and the clinical establishments saved time and money by 

 
7 This chapter has been submitted for review in Journal of Medical Informatics. Citation details: 

Ricker, B.; Schuurman, N.; Zargaran, E.; Hameed, M. (Under review). Assessing the usability of 
mobile information technology tools in the digital age of trauma surgery. 
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implementing this usability evaluation. All suggested usability improvements were 

addressed thus increasing the likelihood of system success.  

4.2. Introduction  

Injury claims the lives of over 5 million people worldwide each year (WHO, 2008), 

however this phenomenon receives very little attention because injuries are often 

thought of and referred to as “accidents.” Yet, injuries are preventable. When injury data 

are collected electronically, they can rapidly be aggregated and analyzed to help with the 

identification of injury trends and, in turn, injury prevention measures. Here we present 

the electronic Trauma Health Record (eTHR) that was developed to quickly and easily 

capture injury data through the use of tablet computers in a clinical setting. To ensure 

that the tool is practical, a quick and easy usability evaluation mechanism was created. 

Here we present the usability evaluation method that was created as well as the results 

that were collected using this method. The feedback collected from system evaluators 

were then used to further improve the eTHR.  

4.2.1. Injury and Injury Surveillance  

Injury causes more deaths every year than HIV/AIDS, malaria and tuberculosis 

combined (WHO, 2008). These numbers do not include those who suffer life long burden 

as a result of injury. Through policy initiatives such as seatbelt and helmet laws, or 

alcohol and drug regulations, effective prevention strategies can be implemented. 

Improvements in injury control policy and trauma care are dependent on injury 

surveillance: the ongoing and systematic collection, analysis, interpretation, and 

dissemination of injury data (Horan and Mallonee, 2003; Lund et. al, 2004; WHO, 2008). 

Diminishing the burden of injuries is a major challenge for public health officials (Krug et. 

al., 2000).  
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Figure 4.1. Basic illustration of the injury surveillance process 

Injury surveillance plays a critical role in lessening the burden of injury, by 

recognizing the causes of injury to help with appropriate and effective prevention efforts 

(Cummings et. al., 1995, Horan and Mallonee, 2003; Lund et. al., 2004; WHO, 2008, 

Schuurman et. al., 2008; Mitchel et. al., 2009). Ideally, a complete injury surveillance 

system incorporates data collection (contribution), aggregation and dissemination, from 

and to many actors including, but not limited to health professionals, the general public, 

government officials and others (i.e. Police) (See Figure 4.2). In this paper we focus on 

the first step, data collection. 
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Figure 4.2. Injury Surveillance Scheme: Actors, tools, and steps associated with 

robust Injury Surveillance Systems. This research focuses on the 
first step that all injury surveillance systems hinge upon, data 
collection. 

Injury surveillance is a crucial procedure to effectively assist in the identification 

of injury risk factors, incidence, severity, outcomes and costs, which can then help public 

health officials, politicians, and other stake holders identify populations and locations at 

high risk of injury, implement and evaluate prevention programs, all in an effort to reduce 

the burden of injury (Cummings et. al., 1995; Horan and Mallonee, 2003; Lund et. al., 

2004; Mock et. al., 2004; Schuurman et. al., 2008; Mitchel et. al., 2009; Schuurman et. 

al., 2009).  

4.2.2. Electronic Health Records 

The crux of injury surveillance rests on data collection; appropriate injury 

prevention strategies can only be identified with accurate injury data collection. Data 
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collection in hospital settings is increasingly being captured using Electronic Health 

Records (EHR). EHR are large-scale computer based systems that record patient 

medical records used for patient tracking, monitoring, and entering medical information 

including medical history, allergies, and medications (Edwards et. al., 2008). EHRs can 

be effective data collection vessels that reduce workload, prevent opportunities for 

errors, improve data collection accuracy and completeness, and provide ability for data 

extraction and comparability (Garets and Davis, 2006; Edwards et. al., 2008; Harrington 

et. al., 2011; Wasserman, 2011; Zalan, 2011). 

EHR are a critical first step that acts as scaffolding, for the success of entire 

health surveillance systems. Trauma registries, which are often linked with EHR, are key 

components in injury surveillance systems, because they document data required to 

track quality indicators, recognize quality improvements, advocate policy, benchmark 

trauma care, and injury epidemiology endeavours (Moore and Clark, 2008; Stelfox et. 

al., 2010; O’Reilly et. al., 2012).  

Despite these benefits some EHRs do fail or are never fully adopted. It is 

estimated that 20-33% of EHRs fail within the first year of implementation (Handel and 

Hackman, 2010). Adverse effects of EHR include creating workflow hindrances, changes 

in communication patterns and practices, negative feelings towards the new system, 

changes in power structure, overdependence on the technology, creating more or 

different work for clinicians (Campbell et. al., 2006; Handel and Hackman, 2010). Other 

barriers include the high cost of technology, the lack of technical experience (including 

data standards and formats), legal, confidentially and privacy issues, competing priorities 

within a health system, and low demand (Farfan et. al., 2010; WHO, 2010; Wasserman, 

2011).  

For this research, we focus on trauma registries and EHR specifically because 

injury is a significant public health issue, and has historically relied on active surveillance 

for quality improvement, research and prevention policy. While traumatic injury is a 

growing public health concern, it receives a disproportionally low level of interest from 

policy makers, public health officials, and researchers. Improvements in injury control 

policy and trauma care are dependent on injury surveillance (Horan and Mallonee, 2003; 
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Lund et. al, 2004; WHO, 2008). Collecting injury data is no easy task. In large portions of 

the world, particularly Low and Middle Income Countries (LMICs), regions who suffer a 

disproportionally high level of injury, these data typically go uncollected or are never 

aggregated and analyzed. Even when injury data collection is attempted, it is often 

incomplete or fragmented (Lund et. al., 2004) indicating a need for streamlined data 

collection measures.  

4.2.3. The electronic Trauma Health Record 

The electronic Trauma Health Record (eTHR) is an EHR that was created to 

assist with injury surveillance efforts while concurrently being able to measure quality of 

trauma care delivery. The eTHR is a web-based application to be used on a touch 

screen tablet computer. The purpose of the eTHR is to harness the strengths of an EHR, 

while building on what has been learned from the creation and implementation of a 

paper version of the eTHR (Schuurman et. al., 2010). The eTHR is a clinical tool that 

was developed by surgeons and geographers to strengthen data collection as well as to 

provide decision support for clinicians.  

The eTHR has three key sections, an admission note, operative note, and 

discharge summary. Additionally, this tool also has three key capabilities: a clinical 

checklist (See Figure 4.2), injury severity score calculation, and wireless data transfer 

(Zargaran et. al., 2014). As a clinician is filling in the fields provided by the system, 

decision support is presented based on the data input. The goals of the eTHR are 

twofold: 1) reduce the burden of data entry/data collection and 2) provide decision 

support based on the latest academic literature related to surgery. One of the aims of the 

eTHR is to ease the challenge of injury data collection and aggregation for injury and 

public health surveillance purposes (Zargaran et. al., 2014).  
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Figure 4.3. eTHR Clinical decision support check list from original eTHR UI. 

Note that this list also acts as a checklist for physicians. 

The eTHR was created with a user centered design approach in which the 

designers first considered the context of use, the user and organization requirements, 

identified design solutions and then conducted a usability evaluation (Theofanos et. al., 

2008). 

4.2.4. Usability  

Hospital workers will not use a technology, if they do not see the value; their 

actions determine its success or failure in the workplace (Douglas et. al., 2010). 

Therefore, a technology system must espouse effective usability to promote end-user 

satisfaction and uptake. 
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Usability is defined as “the extent to which a product can be used by specified 

users to achieve specified goals with effectiveness, efficiency and satisfaction in a 

specified context of use” (International Organization for Standardization). If usability is 

successful it will enable the user to achieve their goals and ensure a system is effective, 

efficient, enjoyable, easy to learn and to remember (Theofanos et. al., 2008; Harrington 

et. al., 2011; Hochheiser and Shneiderman, 2011). Usability evaluations are the 

systematic collection of information about the activities, characteristics and outcomes, to 

make judgments about the usability of an interface, in an effort to improve its 

effectiveness and to make informed decisions about future design iterations (Patton, 

1997; Edwards et. al., 2008; Bowen, 2012).  

One of the main objectives of an evaluation is to support evidence informed 

action (Bowen, 2012). Increasingly qualitative research related to system usability and 

adoption is largely accepted and seen as a vital step in the development of EHR 

systems (Lilholt et. al., 2006; Edwards et. al., 2008; Theofanos, et. al., 2008; Corrao et. 

al., 2010; Harrington, et. al., 2011; Hochheiser and Shneiderman, 2011). Effective 

usability in an EHR can reduce errors, help users achieve greater data entry accuracy in 

fewer attempts, improve efficiency and enable reduced workload, decrease need for 

training, increasing the chances of adoption and satisfaction by the end user (Lilholt et. 

al., 2006; Edwards et. al., 2008; Theofanos, et. al., 2008; Harrington, et. al., 2011; 

Hochheiser and Shneiderman, 2011). When input from clinicians is besought, they feel 

they have been actively engaged in the development process and thus are more likely to 

adopt a system (Handel and Hackman, 2010). These benefits, in turn, allow clinicians to 

give their patients more attention, rather than attending to the technology. 

A usability evaluation should be implemented prior to deployment of an EHR to: 

1) identify any parts of an EHR system that need to be localized, 2) pinpoint regions of 

usability improvement within the user interface (UI), and 3) make the intended user feel 

like they are a part of the development process and to encourage adoption of an EHR 

system. Unsatisfactory usability of an EHR may lead to errors, increased cost and harm 

to patients (Harrington et. al., 2011). Therefore detecting usability issues early in the 

EHR system development process can help reduce the costs of making changes later in 
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the development process including post implementation phases (Mayhew, 1992; 

Edwards et. al., 2008; Harrington et. al., 2011).  

While usability evaluations have been found to be extremely beneficial, they are 

rarely conducted. This is partially because of the disconnected relationship between 

commercial EHR vendors and the end users. Additionally, EHRs are used with so many 

different people in a hospital setting with heavy workloads from nurses, doctors and to 

patient intake registrars (Edwards et. al., 2008) making it very difficult to distinguish 

whose responsibility it is to organize and implement an evaluation. Without usability 

testing, designers and developers risk blindly building a system that does not meet the 

needs of the end user and may get to a point in production where it is too time 

consuming and expensive to fix usability issues that arise (Theofanos et. al., 2008).  

4.3. Methods  

There is no “one-size fits all” EHR usability evaluation procedure, and no 

standardized guidelines for usability evaluations (Mitchell et. al., 2009). In this study, 

prior to choosing usability evaluation protocol, a usability evaluation task force was 

formed to ascertain usability evaluation goals. The evaluation task force members 

included the 1) evaluators, 2) decision makers, 3) developers/vendors of the system, 4) 

designers and 5) evaluation facilitator (Bowen, 2012).  

One of the primary purposes of this study was to create and test a tailor made 

usability evaluation as part of a eTHR deployment, to speedily improve the usability of a 

the eTHR before it is implemented into a medical care workflow. The second aim was to 

use this evaluation method to isolate areas in need of improvement within the UI of the 

eTHR. For the usability evaluation described here, no real patient records were used 

(See Table 4.1). Ethical approval from Simon Fraser University was obtained for this 

study (See Appendix C).  
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Table 4.1. Steps to the quick and easy usability evaluation. This table 
illustrates the actors and steps involved in implementing the 
usability evaluation. 

Role Actor Responsibility eTHR 

Evaluator Intended User Test the system to 
identify usability 

violations 

4 surgeons, 2 nurses 

Evaluation Facilitator Researcher (or 
hospital staff 

member) 

Conduct Evaluation 
and coordinate with 

all parties involved on 
evaluation task force 

Britta Ricker (PhD 
Candidate) 

Decision Makers System Owner and 
Implementer 

Decide on what 
changes to make 

based on input from 
evaluators 

Morad Hameed (MD), 
Nadine Schuurman 

(PhD), Eiman 
Zaragan (MD) 

Developers Software Developers Make changes 
agreed upon by 
evaluator and 

decision makers 

Original Developer 
and then Input Health 

Designer Designer of the 
system, user 

interface, maybe a 
graphic designer 

Member of the 
usability task force as 

well as the 
development team 

Morad Hameed (MD),  
Eiman Zaragan (MD) 

The steps taken to conduct this usability evaluation are outlined in Table 4.2. 

These steps can be repeated to test the usability of any technology prior to deployment 

in a clinical setting. The following steps were taken (See Table 4.2). 
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Table 4.2. Evaluation Task force description and members who participated in 
the usability evaluation of the eTHR. 

Step Task eTHR Evaluation Specifically 
1 Identify system to be evaluated eTHR 
2 Identify evaluation task force See Table 1 
3 Identify appropriate evaluation protocols 

based on goals identified by evaluation task 
force  

Think aloud + Heuristic hybrid 
usability evaluation protocols 

4 Execute Evaluation Whitehorse General Hospital, Mobile 
Medical Unit of British Columbia  

5 Aggregate and Analyze results from data 
collected during evaluation  

Evaluation facilitator organized 
usability evaluation report for all 
evaluation taskforce members. 

6 Make changes to system based on findings Changes were made to system and 
new developers were hired. 

7 Implement new system System was deployed in Cape town, 
South Africa. 

4.3.1. Heuristic and think aloud protocol  

The heuristic and think aloud usability protocols are particularly well suited for 

evaluations with the intended users of EHRs, busy clinicians. These evaluation protocols 

were used together in an effort to unobtrusively identify usability violations to improve 

efficiency and effectiveness of the tool, as well as, to detect interface customization 

opportunities for individual/local settings.  

A heuristic is a device for discovery, a rule of thumb. When a user interacts with 

an application and its graphical user interface (GUI) the user should know what to do 

and what to expect from the system. Therefore the goal of a heuristic evaluation is to 

find usability problems in a GUI design in an effort to improve the UI as part of an 

iterative design process (Nielsen, 1993; Nielsen and Mack, 1994; Nielsen and Budiu, 

2013).  

Think aloud protocol invites a usability evaluator to verbally describe what they 

are thinking, as they are performing a set of specified tasks. The evaluation facilitator 

remained as objective as possible during this task, and during data analysis (Lilholt et. 

al., 2006). The usability evaluation facilitator took notes as each evaluator described 
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their thought process as they navigated the eTHR UI. The aim was to collect information 

regarding how the users viewed a task and how they understood the UI in terms of the 

task they are trying to complete. The goal was not to collect information about their 

design opinions, but their ability to complete a task (Hughes, 2012). During the think 

aloud portion of the evaluation, when appropriate or necessary the facilitator reminded 

the evaluator to describe what they were thinking as they were entering data and 

interacting with the system. While the evaluators were asked to speak to heuristics, they 

were not required to only discuss and describe heuristic issues associated with the UI; 

any other areas of improvement could be identified. The heuristic principles were offered 

as a guide (See Appendix D for Heuristic guide that was provided to evaluators). Audio 

recordings were captured during the think aloud process. They were then transcribed 

and analyzed. In addition, the evaluation facilitator took detailed notes as they watched 

the evaluators interact with the eTHR. Nonverbal cues of discomfort or excitement were 

documented in addition to the audio recordings.  

Since five evaluators will likely find about 75% of the overall usability (Harrington 

et. al., 2011; Nielsen, 1993) it is required that the evaluation process be conducted by a 

small number of evaluators (5-15) that work independently to detect the UI’s fulfillment or 

failure of adhering to accepted usability heuristics (Nielsen, 1993). The eTHR usability 

evaluation was conducted with seven different evaluators all of whom were clinicians. 

The eTHR was tested in two different clinical settings. It was tested in the British 

Columbia’s Mobile Medical Unit (MMU) at the Abbotsford Air show on August 11, 2012 

in British Columbia (BC), Canada and at Whitehorse General Hospital on August 20-21, 

2012 in the Yukon, Canada.  

While clinicians (one resident, one anesthesiologist/surgeon, one Registered 

Nurse, one family doctor working in Emergency) were on a break in Whitehorse General 

Hospital, or waiting for an emergency in the MMU, they were invited to take part in the 

usability evaluation, which comprised of a combination of a heuristic usability evaluation 

and a think aloud protocol. The evaluation process took approximately 20-40 minutes 

with each evaluator. The following steps were taken with each evaluator (See Table 4.3): 

 



 

82 

Table 4.3. Evaluation facilitator took the following steps with each of the 
evaluators to collect their feedback about the eTHR. 

• Evaluation facilitator explained the purpose of the eTHR and the usability evaluation to evaluator. 
• Facilitator requested consent by obtaining the signature of the evaluator and gave the option to no longer 

participate at any time during the evaluation process. 
• Described usability, usability heuristics8, and the think aloud protocol. Facilitator makes it clear the 

evaluators are evaluating the system; they are not being evaluated themselves. There are no right and 
wrong answers. 

• Gave the evaluator the iPad with the eTHR open as they filled in information about a mock patient. 
• Described the mock patient and had the evaluator enter in data into the eTHR. Asked evaluator to begin 

thinking aloud.  
• When all the data had been entered, asked the evaluator offered follow up questions about experience 

interacting with the eTHR. 
• Facilitator thanked evaluators for their valuable time and input.  

Once qualitative data were collected in the form of notes and audio recordings 

and transcriptions, they were then coded and analyzed. Two research assistants (one 

was the usability evaluation facilitator and first author) read and coded transcripts and 

notes. Coding is a qualitative data analysis method in which common themes are 

identified from recorded qualitative data (Auerbach and Silverstein, 2003). Themes, 

which emerged from the qualitative data that were collected, are presented in the 

following section. 

4.4. Results 

The usability feedback gleaned from the two study sites was parsed into 

categories including: positive feedback, heuristic violations, and localization 

recommendations (See Table 4.4). 

 
8 See Usability Heuristics and description given to participants in Appendix D. 
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Table 4.4. Themes that emerged from the qualitative data collected during the 
evaluations, including example quotes and the number of times that 
theme came up with participants. Feedback from clinicians was 
generally very positive. In addition, they offered a number of 
suggestions for improvement of the system. 

Theme Count Example 
Positive Feedback 10 “What’s beautiful about this is that it really kind of, it gives you things 

to think about as you go along.” 

“It is great, it is easy to use, I have picked it up and worked with it 
with no problem really” 

“It is pretty easy to learn how to get back and forth between this main 
menu and the submenu, this works well.” 

“This is great!” 

Heuristics 17 Just sometimes when you press on, say I wanted to change a value 
say a heart rate, it wouldn’t stay in that field. If I wanted to type it in I 
would have to use the slider. It was hard to get used to.  

“Should be told to look at it in portrait view. Should be able to see as 
much as possible” (struggled to see everything in one view without 
scrolling) 

Localization 5 “First page (Primary Survey) should be filled in (by someone else) – 
doctor may then fill in other parts of eTHR” 

4.4.1. Positive Feedback 

Based on nonverbal and verbal cues, it was evident the evaluators were pleased 

with their experience interacting with the eTHR. Evaluators particularly liked the 

checklists, decision support and other calculations offered by the eTHR.  

“I found checklists! Wow! Airway checklists – it’s got all the checklists 
here! – No way!” 

“What’s beautiful about this is that it really kind of, it gives you things to 
think about as you go along.” 
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“OK so eyes open to painful stimuli, incompressible words, this is just 
[Glasgow Coma Scale], I like this GCS this thing. It is a scale based out of 
15 that tells how alert someone is and you do different things based on 
their score and I can never remember, you only get 4 points for this, 6 
points for this.“  

Specifically, one evaluator found the reminders to be especially useful.  

“Ahh yeah it was fun. The nice thing about it, …, is that when you are in a 
trauma situation you will forget to ask things like, do you have allergies, 
you just forget and then 6 hours later when they are getting their 
antibiotics for the perforated intestine from the bullet hole, and you are 
giving them antibiotics and you don’t realize you are giving them 
something they are allergic to, that can happen easily. So for giving you 
those little cues, it is very handy. To always remember to ask for 
antibiotics, last meal, those things you forget to ask about when blood is 
flying and you are stressed.” 

4.4.2. Heuristic Violations 

Minimal heuristic violations were identified during the evaluation. While several 

were acknowledged, none of the violations were onerous to correct. The most prominent 

usability violation that four different evaluators noticed was the challenge of using sliders 

for selecting precise numbers during data entry. The facilitator noticed and documented 

in her notes that one evaluator accidently touched the slider below the one he was 

aiming for, he unknowingly changed another value, introducing error. 

“Provide alternative to slider, touch number and provide number key pad 
to manually input exact number.” 

Three evaluators recommended that portrait9 view of the eTHR to be disabled, as 

it required the user to needlessly scroll around the UI. 

“All content should be visible on one page, no scrolling available or 
provided to ensure no content is missed.” 

 
9	  Portrait view is when the user holds device vertically while landscape view is when they hold it 

long ways. 
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Some fields were pre-populated which could lead to errors. Four evaluators 

brought up different concerns with fields being pre-populated and offered suggested 

changes to mitigate errors associated with field completion. 

“The one thing, some things you just never know and some of these are 
pre-populated so it might be good to have a button that says unknown 
because sometimes you just don’t know how much someone weighs and 
rather than having to say they weigh 10 kilos when they obviously 
wouldn’t, then I guess you could take a guess. But then it seems like you 
actually measured it. If you input data that you don’t really have, there is 
potential for error.”  

Two evaluators recommended more drilldown10 menus in certain areas of the 

eTHR. 

“Would want to add more fields to diagnosis- chronic disease –would like 
[drill down] menu.” 

“Management plan- maybe a [drilldown] menu.” 

Other modifications that were recommended relating to heuristic usability 

associated with the UI of the eTHR included a dislike for checkmarks for some of the 

checklists and populating the check marks, minor formatting, and the units of 

measurement for some of the fields were identified as problematic. Evaluators also 

recommended incorporating audio reminders or other feedback for incomplete fields and 

for fields that have significant errors such as blood pressure rates that are not possible. 

4.4.3. Localization Recommendations 

Localization recommendations that were revealed included ways in which the 

system could be modified to better fit the local context of use. These localization features 

identified were specifically within the system’s UI. Additional localization, technical and 

workflow specific issues were recognized in relation to the eTHR during the evaluation 

process.  

 
10 Drill down menu is when you click on an object and more detail information or options are then 

revealed.  
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First, evaluators pointed out specific drilldown menus that could be customized 

for the geographic location. For example, each location sees a higher proportion of 

certain injuries than others. The order of the contents within the drilldown menus should 

be modified based on location and likelihood of seeing a specific injury. By having 

certain injuries at the top of the list, the data enterer will save time, since they will not 

have to search a long list of possible injuries. Users recommended that the UI be slightly 

modified to meet the specific context of the patient population of the hospital, in an effort 

to reduce time required to interact with the eTHR. 

“A summary page (the evaluator was unable to access it due to the lack 
of Internet availability) and then in the mechanism of injury page, I just 
didn’t find an ‘Other’ option where you can type in what actually happened 
because people get injured in so many different ways and you can’t just 
expect [Motor Bike Accident], blunt, penetrating, its not always quite that 
simple. Hand caught in auger, hand caught in a [Power Take Off], I have 
seen those many, many times. Farming type accidents where there is just 
nothing for that. I can see that this is city based you know the typical 
trauma ward where you see lots of stabbing, shootings.” 

Workflow issues also came to light when the evaluators were describing the 

localization recommendations.  

“First page (Primary Survey) should be filled in (by someone else) – 
doctor may then fill in other parts of eTHR.” 

Recording and sharing comments like these opened a productive discussion 

about responsibilities of data entry of different portions of the eTHR and who will require 

access to a tablet computer. Since the evaluation was implemented prior to deployment 

of the eTHR, and workflow modifications will be addressed in each location before the 

tool used with real patient records. Technical considerations in each location were also 

addressed. Whitehorse Hospital did not have WiFi access in all of the areas where the 

eTHR will be used, a key technical requirement for the eTHR to function.  

4.5. Discussion 

Usability testing is a vital step in EHR life cycle and is necessary to the success 

of EHR adoption (Lilholt et. al., 2006; Edwards et. al., 2008; Theofanos, et. al., 2008; 
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Corrao et. al., 2010; Harrington, et. al., 2011; Hochheiser and Shneiderman, 2011). 

Executing this usability evaluation took relatively little preparation on the part of the 

evaluation facilitator as well as the evaluators. This specific evaluation procedure worked 

well with busy surgeons who do not want a costly and time consuming formal evaluation. 

The informal structure of the evaluation lead to effective identification of usability issues 

with the eTHR which were then remedied quickly saving time and money for all of those 

involved with the tool. Technical considerations, localization opportunities, and workflow 

questions were all addressed prior to the deployment of the system.  

User interaction with an interface should be effective, efficient, error-tolerant, 

learnable, and gratifying (Haklay and Skarlatidou, 2010; Haklay, 2010). During this 

evaluation it was found that minor heuristic usability issues could be improved and save 

the clinicians time, energy and reduce errors. Replacing sliders with popup keypad will 

give the clinicians the ability to more swiftly and precisely enter numbers associated with 

vital signs of the patients (Figure 4.3). As a result of this evaluation, a new software 

developer was hired to rebuild and redesign the eTHR to make it a stronger product. 

Tested in two different settings, evaluators of the eTHR found the system to be 

easy to use. They were enthusiastic and interested to integrate the tool into their regular 

workflow increasing the likelihood to adopt the EHR (Handel and Hackman, 2010). By 

collecting clinicians’ feedback, the system was then tailored to meet the needs of the 

intended users while making them feel that their feedback was important and that they 

were a key part of the system development process. Since the evaluators shared 

positive feedback, particularly around the decision support functionality, including 

checklists and the ease of use overall, it is likely that they will accept the eTHR. Since 

clinicians highly influence the likelihood of EHR system success (Douglas et. al., 2010) 

the value of this evaluation proves that eTHR will likely succeed where this evaluation 

was carried out. It is recommended that this type of evaluation is carried out with any 

new software (or hardware) system introduced into a clinical setting prior to deployment 

in a real work flow to make changes in an effort to increase system acceptance and 

present errors. 
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This evaluation was easy to carry out and likely will strengthen the eTHR. A 

version of this usability evaluation will be implemented in each location prior to 

deployment in a live workflow to ensure that the product is customized to each location 

and that actors understand the system. By conducting this usability evaluation in each 

location where the eTHR will be deployed, it was possible to customize the UI to meet 

the needs of the local users. Different clinical settings see different rates of specific 

injuries. By customizing drilldown menus and placement of certain data entry fields, 

several seconds were saved by the clinician entering the data.  

One of the main goals of implementing this usability evaluation was to mitigate 

the traditional adverse effects of EHR such as creating workflow problems, resulting 

from changes in communication patterns and practices, negative feelings towards the 

new system, changes in power structure, overdependence on the technology, creating 

more or different work for clinicians (Campbell et. al., 2006; Handel and Hackman, 

2010). Using this evaluation methodology, minor changes to the system were 

recommended by the evaluators. Additionally, workflow issues were identified during the 

usability evaluation. By executing this usability evaluation prior to its deployment, these 

localized workflow technicalities were discussed and solved before tool live usage.  

Technical issues specific to each location were also found. The eTHR requires 

WiFi, wireless Internet connection, for full functionality and for data collection purposes. 

This will be a major issue for implementation in LMICs. For example, certain rooms in 

the Whitehorse General Hospital had better WiFi accessibility than others. These types 

of challenges will always be present in one form or another and should be regularly and 

consistently tested. Since system designers and stakeholders were not in the room 

during the evaluation, evaluators could speak more freely and were comfortable to share 

frustrations and enthusiasm about specific aspects of the system with the evaluation 

facilitator. The stakeholders were than able to read results of the evaluation 

independently to make informed decisions about how to proceed with system design and 

implementation.  
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Figure 4.4. Based on findings from the heuristic usability evaluation, all sliders 

were replaced with touch pad numbers to reduce the likelihood of 
error. 

The data collected during the evaluation was rapidly communicated to the 

developers and the decision makers, to make informed decisions about changes that 

could benefit the system in each individual location. In the future, we recommend 

including hospital technical support in the evaluation process since it will be their 

responsibility to maintain security of the system and solve most of the technical issues 

associated with database administration and network connection.  

4.6. Conclusion 

Deploying a usability evaluation prior to the deployment of an EHR will increase 

the likelihood of its success. The evaluation conducted was a means to improve the 

efficacy of an EHR prior to its utilization in the clinical workflow. This usability evaluation 

proved to be quick and easy to conduct in multiple clinical settings. Findings generated 
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from the usability evaluation were implemented to offer EHR decision makers with 

evidence-based recommendations for system changes.  

The strengths of this hybrid usability evaluation protocol are that it requires little 

time and resources to carry out; it can be conducted rapidly and repeatedly until the 

system is just right for the specific target deployment setting. These evaluation methods 

were chosen to fit the cultural and social norms associated with surgeons as well as to 

accommodate time restrictions. This think aloud heuristic usability protocol hybrid 

approach was an appropriate choice in that the informal conversation allowed for 

clinicians to speak to any issues they found within the UI while the heuristic evaluation 

protocol guided the conversation. Additionally, this usability evaluation can help 

customize an application for specific locations and settings based on the type of work, 

and type of patients they see. Workflow and technical issues specific to each setting can 

also be identified using this method. Catching these issues prior to implementation of 

electronic tools in a health setting can improve patient outcomes, save time, money, and 

other resources.  
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Chapter 5.  
 
Conclusion  

The aim of this dissertation was to connect ideas from literature and apply them 

to real observations and a case study that addresses an existent public health burden. 

Pervasive computers are permeating our lived experience. Technical and usability 

considerations significantly influence our relationship with the mobile computers and 

resulting experiences in place. Geographers are particularly interested in the locational 

sensors associated with mobile computers and the utility they provide for data collection 

and dissemination. This knowledge is useful for other sectors aiming to integrate the 

benefits of ubiquitous computing into a workflow. The aim of this dissertation was to 

investigate some of the ways in which these tools are being used in society and how 

they could be implemented for collecting spatial data related to a specific public health 

issue.  

It was found that people are willing to share locational information if they see a 

direct benefit for themselves directly, either by providing a service or appeasing their ego 

by bringing attention to themselves. It was found in the clinical setting, that clinicians 

were not eager to contribute geographic information since they did not see personal 

benefit to them. The clinicians saw it as another person’s job, not theirs. Focusing on the 

specifics of the usability of an application, the intended use of an application may shift 

and usability evaluations help the application developer and designer figure out why and 

what changes need to be made to ensure success of an application. In this section I 

describe the evolution and contributions resulting from this research project. I then 

identify future research directions.  

Usability, how easy or difficult an application is to use also was a qualitative 

theme that was significant in each chapter of this dissertation. If an application is not 
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easy to understand, navigate and interact with, the user will discontinue usage whether it 

be an application required on the job or for solving a geographic quandary. The technical 

considerations associated with pervasive computing and the qualitative usability issues 

are relevant to the LBS, VGI and EHR applications that were presented in this 

dissertation.  

5.1. Project Summary, Research Contributions, and Future 
Research Directions  

One of the aims of this research was to better understand the present literature 

regarding VGI, LBS and geovisualization. Chapter 2 presented a literature review of 

these topics, while Chapter 3 collected and then presented public perceptions of these 

three components. Chapter 4 is a case study, applying what was learned from Chapter 2 

and 3 and looking at similar issues in a clinical setting, rather than the use of mobile 

computers for personal and consumerist use. 

Specifically, in Chapter 2, I illuminated the subtle yet significant differences in 

terminology and the relationship between these terms and components that comprise 

location based applications that are growing in popularity. I brought attention to 

strengthen in the existing literature while illuminating some of the gaps and ideas for 

future research. There are cross cutting themes between critical geography and spatial 

cognition that have yet to be investigated. Critical cartography reveals the potential for 

harmful consequences of the content and presentation of certain types of spatial data 

that may reinforce the power of governments, be used for surveillance purposes, and 

push a technocratic view of social problems (Pickles 1995; Curry 1995; Schuurman and 

Pratt 2002; Cromley and McLafferty 2012). There is an abundance of current literature 

covering the social implications of VGI and interactions with digital content (Zook and 

Graham 2007; Tulloch 2008; Elwood and Leszczynski 2011; Cromley and McLafferty 

2012; Wilson 2012; Leszczynski 2012; Schuurman 2013; Stephens 2013).  

Critical cartography arguments could be extended to include the examination of 

function and interaction providing or limiting interaction with data (Zook and Graham 

2007; Wilson 2012; Roth 2013). Haklay (2013) has aptly pointed out that new 
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geographic tools are in fact undemocratic, due to levels of digital literacy and associated 

tools are not equally accessible to all populations, an inherent limiting factor of 

participation. Effective usability could reduce some of the challenges associated with the 

digital divide. I argued that more research is needed to illuminate how different types of 

specific user interface interaction capabilities and associated geovisualizations afforded 

by LBApps influence power relations or outcomes between those who contribute or 

consume geographic information and those in positions of power. 

Findings presented from present literature suggest that the use of LBS combined 

with a geovisualization may actually inhibit geographic understandings and spatial 

cognition. While mobile computer users’ attention is focused on the UI rather than on 

real place, our configurational knowledge and geographic understanding of the real 

world will likely suffer. Since the participation in a secondary task while navigating a 

route may lead to a diminished ability to keep track of learning new locations (Lindberg 

and Gaerling 1983; Willis et. al., 2009) it is possible that someone actively contributing 

VGI may be documenting their present knowledge while missing out on the formation of 

new knowledge and experience. 

In chapter 3, results from an online survey were presented to reveal current 

public perceptions and gauge public awareness of the phenomenon that were 

mentioned in the literature review presented in chapter 2. The research questions asked 

were: (1) Are smartphone users aware of their participation in spatial information 

contribution associated with VGI and LBS? (2) How concerned are the public with 

privacy implications associated with smartphone use? (3) How do people perceive their 

spatial cognitive abilities as a result of smartphone usage for wayfinding? 

By investigating recent geographic literature and collecting perceptions of phone 

use through the implementation of an online survey, it was found that the literature 

largely matches interests of the public. Similar to recent Pew studies, it was found that 

far more people consume LBS than contribute. People are primarily using their phones 

to find locational and temporally relevant information such as transit times. They 

reported that they are less likely to share locational information due to privacy concerns 

because many do not see the utility. Despite these findings, there is a large body of 
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literature that is sees great value and hope in the adoption of VGI for research purposes 

even though a very small portion of the population contributes this type of information at 

this time. More research is needed to identify ways to enhance participation, potentially 

through providing a LBS to those who contribute VGI.  

Social norms have shifted as a result of increased access to mobile computers in 

lived experience. The survey respondents see this as an interruption to social 

interaction, a mere annoyance, but not enough to change behaviour (Turkle 2011; 

2012). Additionally, those who participated in this survey agree with scholars who 

indicate that notions of privacy are dramatically changing, we are aware of the concerns 

but not concerned enough to stop using the services (Clarke and Wigan 2011; Elwood 

and Leszensky 2011; Turkle 2011; Kar et. al., 2013; boyd 2014). Navigation ability and 

spatial cognition are reduced as a product of using mobile maps (Lindberg and Gaerling 

1983; Maguire et. al., 2000; Ishikawa et. al., 2008; Willis et. al., 2009). However, those 

surveyed did not seem to notice, they felt empowered to go new places armed with the 

navigation abilities afforded by their smartphone.  

In chapter 4 the two main research questions were (1) Is a usability evaluation to 

record and analyze feedback offered by clinicians to improve and modify an Electronic 

Health Record (EHR) prior to its deployment beneficial? (2) Within the existing system, 

what challenges and strengths are identified by the target users?  

It was found that the usability evaluation that was designed and implemented 

was successful in capturing some of these negative implications and the intended users 

were able to offer suggestions to remedy these challenges. It was found that the 

clinicians were eager to contribute their perceptions of the interface through a think-

aloud protocol. The users that took part in the usability evaluation were able to find 

several suggested improvements to the user interface as well as workflow 

recommendations to integrate the eTHR into a clinical setting. It is highly likely that many 

hours and money were saved by catching these usability issues associated with the 

eTHR prior to its implementation into a live clinical setting. 

Through data collection during the case study of the eTHR, it was apparent that 

the epistemological understandings of the eTHR, the clinicians who acted as designers 
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of the system, heavily influenced the design and development process of the tool. The 

clinicians were infiltrating the cyborg (Haraway 1991) by working directly with the 

application developers. Their decision support clinical needs were met though the eTHR. 

The data collected in the case study supported this. The surgeons and clinicians who 

used the eTHR only entered data in the fields they found relevant to tasks they are trying 

to achieve. While one of the main aims of the eTHR was to collect location of injury for 

injury surveillance proposes from the usability evaluation it seems this part of the tool 

was not successful. More research is needed to measure field completion rates and to 

actively identify other actors to input spatial data in each clinical setting. Fields 

associated with the location of injury were likely not populated because the clinicians did 

not see this as important to their immediate task or job description. However, the 

designers of eTHR made it clear that only surgeons would have access to the tool, not 

nurses or hospital registrars. It was unclear how this data would be entered effectively 

and completely and which actors would hold this responsibility. 

This was important to note because often in applications software design and 

development, intended users and indented outcomes are not fully considered. It is vital 

to work closely with all intended users of software to ensure that required functionality 

and data fields are present. Additionally, it is essential that those using the software 

understand the rational and purpose of each field associated with the software, if there is 

frivolous content it should be removed by the system developer. Communication should 

be constant and consistent during the software development process. In this case, the 

eTHR was built to be both a clinical decision support tool AND injury surveillance tools, 

all of the fields were in place to support both of these functions. In this case, it would be 

beneficial to have two different end users, nurses/data registrars and clinicians. The 

usability evaluation described in chapter 4 proved to be valuable to identify both usability 

issues and workflow issues such as the one described here. The clinicians are entering 

data about individual patients while the spatial data will be aggregated. It could be 

argued that the two main purposes of eTHR are at two different scales, global and local 

but that discussion will be saved for future research. 

In each of the main chapters of this dissertation compelling evidence is offered 

that supports the finding that people only used apps and interacted with/completed 
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specific fields within an app that provided a perceived benefit; otherwise there is no point 

to their use so they are not used. Literature from usability and human computer 

interaction should be applied to all domains that intend to use computers for data 

collection in their realm, not only GIS and health systems. The same level of usability we 

expect from our consumer products, found in popular iPhone and Android apps, should 

be expected in software applications that are used in the workplace. Surprisingly EHR 

and police documenting records, two very important applications, are typically the most 

difficult to use and could benefit greatly from improved usability resulting from usability 

evaluations (Marcus and Gasperini 2006).  

This research only investigates the first step in the system in a surveillance 

system, the data collection step. In future research, I hope to investigate other steps in a 

surveillance system such as data analysis, aggregation and visualization choices and 

how they too influence knowledge building and information dissemination. I’m interested 

in also trying to find out if any results such as policy changes result from the data 

collected and are visualized through these processes. In future research I hope to focus 

on the data aggregation, visualization and dissemination steps associated with injury 

and other types of public health surveillance. I would like to test the LBS and 

geovisualizations by measuring resulting understandings of the information being 

presented. Methods from spatial cognition could be used to investigate understandings 

resulting from interaction with specific geovisualizations. I aim to find out if there are 

differences in spatial learning outcomes and spatial cognition between information 

consumption through LBS versus information generation via VGI. (Revisit Figure 1.1 

Venn Diagram displaying the different sections in which people contribute and consume 

information, versus only contributing or only consuming.) 

Additionally, in the future it would be beneficial to investigate how best to capture 

spatial data from non-geographers such as clinicians, nurses, police and others who 

may be in data collection positions, but not be directly interested in the contribution of 

spatial data. I aim to identify quick and accurate ways to capture spatial data in a variety 

of contexts. Often when someone suffers or witnesses a traumatic event, such as an 

injury or a crime, they likely do not know the address of the location where the 

unexpected event occurred, yet they may be able to identify a cross street or a landmark 
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nearby on a map. In future research, I hope to identify ways to capture this type of 

information after an event has occurred and the witness or victim is no longer in that 

place. I am interested in investigating specific map user interfaces appropriate to 

efficiently and effectively capture spatial data in a pleasant, unobtrusive manner. I am 

interested in remaining involved in the eTHR project, specifically looking into the 

development of a centralized database for collecting data using the eTHR in multiple 

locations and testing data aggregation techniques and geovisualizations to identify and 

communicate injury prone areas with the data that are collected. 

5.2. Challenges and Limitations 

There were many challenges and limitations associated with the studies 

presented here. First and foremost, sampling and access to participants was a limitation 

and is often a limitation in any study. I was limited by those who chose to participate in 

each study, for the participants in Chapter 3, I was limited to undergraduate students 

who are a specific demographic, so while I would like to make generalizations about the 

general public and their perceptions of smartphone use, I can only speak to 

undergraduate students, and the majority of them were geography students. 

Additionally, the usability study associated with the eTHR, was limited to those who had 

time to take part in the study during their breaks.  

5.3. Personal Reflections: The Evolution of a PhD Project 
and its contributions to geography and public health 
literatures  

Through this research I aimed to contribute new perspectives to geography 

literature pertaining to VGI and LBS by illuminating their relationship and the role of 

geovisualization. Additionally, my goal was to apply what has been learned from each of 

these literatures and use them to improve data collection for public health purposes. 

Much can be learned from synthesizing and looking to each subfield. I think it is a leap to 

state that I have contributed to public health literature but I hope the case study 
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presented in chapter 4 makes a strong case for the necessity of usability evaluation 

particularly for mobile health applications in clinical settings.  

The use of mobile computers in clinical settings is going to steadily increase and 

their success greatly enhance public health surveillance and assist in cost effective 

public health improvements on a global scale. It was found in each study, if a user does 

not see the benefit in participating, they simply would not participate. It seems so simple 

yet ill fitting software is continually being constructed. Therefore, if you want someone to 

contribute specific information, it is necessary to make explicit the value of his or her 

contribution. Otherwise, as we learned in chapter 3, people contribute information when 

they are provided with an indispensible service that is of value in return. The clinicians 

did not contribute geographic information associated with where the injury occurred, 

because it was not of value to them, it did not help them; they saw it as someone else’s 

responsibility. If that information were required to obtain the decision support 

functionality afforded by the eTHR, perhaps they would have been more eager to 

populate the location of injury field in the EHR. 

Throughout the five years it took to conduct this research, I was fascinated to 

observe how the technology so quickly changed and with it social norms and 

expectations of the technology. I am enthusiastic to continue this exciting and quickly 

progressive research domain in the future. I hope my research abilities progress and 

improve as quickly as the technology has been. Research into spatial cognitive abilities, 

spatial data collection and geovisualization techniques will need to be continuous as 

human and technological demands continue to evolve. 
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Appendix A.  
 
Questionnaire from Online Survey implemented in 
Chapter 3 

Questions that are represented with strike out text were only present in the 2012 

online survey. Questions that are presented in red were only presented in the 2013 

online survey.  

1. How long have you been using a computer?(Select one best answer) 

 

a. 0-1 year 
b. 2-4 years 
c. 5-10 years 
d. 11-15 years 
e. 16-20 years 
f. 20+years 

 

2. How often do you use a Smartphone? (Select one best answer) 
a. Never 
b. 1-5 times in my life 
c. Once a week 
d. Once a day 
e. 3-5 times a day 
f. 3-5 time an hour 

 

3. Do you own a Smartphone? (Smartphone is a mobile phone or a mobile 
computer with Internet capabilities) Select Yes or No. 

a. Yes 
b. No- skip to Question 15 

 

4. What do you use a Smartphone for? (Select all that apply) 
a. Texting 
b. Email 
c. Surfing the Internet 
d. Games 
e. Finding new places 
f. Finding my friends 
g. Facebook 
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5. Where do you use a Smartphone? (Select all that apply) 
a. Places I am familiar with 
b. Places I am not familiar with 
c. Urban environments 
d. Non-urban environments 
e. All of the above 

 

6. How does your Smartphone use facilitate interaction in an environment? (Select 
all that apply) 

a. I have tried a new restaurant 
b. I have found a new business 

 

7. Have you ever been bothered by Smartphone use? 
a. No 
b. Yes 
c. If Yes –Textbox 

 

8. How would your life be different without a Smartphone? 
a. Textbox 

 

 

9. What apps do you use regularly? 
a. Textbox 

 

10. Have you ever shared geographic information using a Smartphone? 
a. Yes 
b. No 
c. Not sure 

 

11. Please indicate why you have or have not shared geographic information using a 
Smartphone. 

a. Textbox 
 

12. On a scale of 1-5 how concerned are you with privacy and contributing 
geotagged /locational information? (1 not very concerned 5 highly concerned) 

13. Who do you perceive as being a threat in viewing your geographic information? 
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a. Textbox 
 

14. Have you noticed a change in your perception of a neighborhood you have 
visited or you live in since you have started using a Smartphone? 

a. Yes 
b. No 
c. Unsure/neutral 

 

15. Have you observed any changes in your navigation abilities since you have 
started using a Smartphone? 

a. YES 
b. NO 
c. If Yes- textbox 

 
16.  Do you view these changes in your navigation abilities as positive or negative? 

a. Positive 
b. Negative 
c. Neutral 

 

17. If you responded that you see these changes in your navigational abilities as 
positive or negative, please explain. 

a. Textbox 

 

18. On a scale of 1 to 5 how concerned are you with implications of Smartphone use 
influence on social skills (1 not very concerned to 5 highly concerned)? 

 

19. What appeals to you about Smartphone use? 
a. Textbox 

 

20. Did you take a similar questionnaire last year? 
a. Yes 
b. No 
c. Unsure 

 

21. What is your age range?(Select one best answer) 
a. 18-25 years old 
b. 26-30 years old 
c. 31-40 years old 
d. 41-50 years old 
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e. 51-60 years old 
f. 61+ 

 

22. What is your gender?(Select one best answer) 
a. Female 
b. Male 
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Appendix B.  
 
Ethical approval for Questionnaire 
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Appendix C.  
 
Ethical approval for eTHR study 
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Appendix D.  
 
Heuristic Guidelines presented to participants in eTHR 
usability evaluation 

Heuristic Description Example 
Consistency  Consistency of symbols and 

buttons used throughout the 
application  

Examples include constancy in the 
use of menus, screen layout, fonts, 
colour, button behaviours. 

Navigational bearings  How well are users informed 
where they are within the 
application 

Do you know where you are within 
the application? Do you understand 
how to navigate to another part of the 
application? Is the hierarchy obvious? 
Is it easy to navigate? 

Recognition rather than recall Minimize memory load 
requirements for memorization 
on the end user 

The eTHR provides cues for data 
input when needed such as 
DD/MM/YY rather than requiring the 
user to remember what date 
information is needed in what order. 

Informative feedback Feedback is provided by the 
application to the end users 
about their actions 

eTHR tells the user what actions they 
need to take or if any action is 
required or the user did something 
right or wrong. 

Predictability  Did the interface respond in 
ways you did not predict  

The interface presented a dropdown 
when you thought it would display 
something else. 

Error Prevention Prevents users from making 
errors 

Example would be the inability to 
input future dates for past events, 
such as date of injury. 

Recoverability Allows user to recover from 
errors easily and quickly 

The ability for a user to undo, erase 
or correct data entered by mistake. 
Appropriate use of controllers such as 
buttons, dropdowns or sliders. 

Use users’ language Presents content using familiar 
language for the user  

Terminology used is widely accepted 
in your hospital. 

Learnability  Effective use of touch screen. 
Did the interface make it easy 
for you to recognize symbols 
and predict next steps? 

It is clear how to use a button, and 
the appropriate type of controller was 
chosen for a given task. The user 
should be able to understand how to 
use the eTHR with ease. 

Minimalist Involves extraneous information 
or tasks that are distracting to 
the end user  

There are unnecessary touches or 
steps. 

 


