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Abstract 

 

The health and safety of workers is critically important to all companies, especially those 

operating in hazardous environments.  Companies typically rely on an array of personal 

protective equipment to help ensure the safety of their workers, however as technology 

evolves, a new generation of devices are helping revolutionize the industry.  Wearable 

technology is now becoming commonplace in both our personal and professional lives.   

 

This study focused on understanding the use of, and attitude towards, various wearable 

technologies by workers in hazardous environments.  It also explored the change in perception 

within the workers as these technologies were leveraged and made recommendations for 

improvement in the future. 

 

A qualitive methodology was applied to understand the people, social, and cultural context.  

Participants from industry were interviewed in an inductive and iterative manner, extracting 

data with an emphasis on the narrative.  Thematic analysis was then utilized to distill the data 

into Codes, Categories, and ultimately Concepts.  

 

While it became evident that workers had limited personal experience with wearable 

technology outside of the workplace, they all used it in some manner during their work.  The 

use of wearable technology was largely motivated by policies and procedures imposed by the 

companies.  Interestingly, the workers did have an expectation that the user of these devices 

had a positive impact on their overall safety.  Somewhat surprisingly, the outlook on the future 

of the technology was not very positive.  There are several opportunities for improvement both 

to design and implementation of safety related wearable technology, as well as a desire to 

better leverage artificial intelligence and augmented reality. 

 

Most companies utilize some level of wearable technology to assist in keeping their workers 

safe.  How workers utilize wearable technology to identify dangerous locations and situations 

varies greatly from organization to organization, but also between individual workers within 

any organization.  Although the use of wearable technology within the workplace has been 

demonstrated to improve safety, the primary motivator for its use is the fact that organization 

mandate their staff to compliance through policies and standard operating processes. Despite 

the fact that personal safety should be of utmost importance to any worker, they appear to be 

so unmotivated to actually utilize the technology available to them that it must be made 

mandatory through policy.  Within this environment, it becomes very difficult for workers to 

consider how wearable technology capabilities can be improved in regard to safety-related 

situational awareness.   
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1 Introduction 

 

1.1 Introduction 

 

For many years, hazardous industries, such as those involving the extraction, storage or 

transport of hazardous materials, or those involving high risk work activities, have utilized 

various forms of technology for the health and safety of workers.   

 

Traditionally, these industries have relied on the use of long-existing personal protective 

equipment (PPE).  These include items such as fire-retardant clothing, eye, ear, hand, and head 

protection, specialized footwear, fall restraint systems, etc (National Institute for Occupational 

Safety & Health [NIOSH], 2000).  While these defenses do reduce the amount of injuries, they 

fall short for two reasons – they rely solely on a policy to drive human behavior, and they 

focus on the mitigation of severity (Olson, et al., 2009).  A company must first institute a 

policy of mandating PPE, then rely on the behavior of the workers to comply with the policy.  

Corporate culture often misaligns with the policies, increasing the likelihood that the policy 

will be ignored.  The presence of appropriate PPE does nothing to reduce the likelihood of an 

incident, rather it focuses exclusively on the minimization of the severity of the consequence 

(Cooper, 1994, Guastello, 1993, Krispin & Hantula, 1996, Sulzer-Azaroff & Austin, 2000, 

Tuncel, et.al., 2006).  Its effectiveness is predicated on the fact that a dangerous or high-risk 

situation has already progressed to an incident with the potential to cause injury or illness.  For 

example, fire retardant clothing does not impact the probability of there being a fire or 

explosion nearby a worker, but assuming the worker is present in a fire or explosion, wearing 

the fire-retardant clothing helps reduce the burns and often prevents fatalities from those 

injuries.   

 

As technology has progressed recently, many devices have been created to assist with 

prevention (Albert, et al. 2016).  For instance, wearable four-headed sour gas detectors alarm 

workers to the presence of poisonous gas (Tems & Dean, 2000), and movement-tracking, 

network-connected lanyards monitor staff working alone in potentially dangerous conditions, 

continually sending telemetry back to a monitoring command center (Lee, et al., 2008).  This 

can include geo-location information or biometric data.  Some industries are now 

experimenting with ‘smart hardhats’, which have embedded cameras, proximity sensors, and 

even GPS technology to deliver a ‘just-in-time heads-up’ warning to the worker (Fernandez, 

2014).   Safety glasses equipped with augmented reality technology potentially recognize 

certain locations, equipment, or even activities, and display real time data such as warnings, 

safety data information (WHMIS/SDS data) or standard operating procedures (Li, 2017).  This 

technology can be further leveraged to utilize Recognized Item Triangulation (RIT) or Radio 

Frequency Identification (RFID) tagging to identify specific equipment and display operating 

norms.  RIT utilizes cameras to visually capture the surrounding environment, and then applies 

recognition software that references an established library of similar images (Melillo, et al., 

2015).  By correctly matching a minimum of three items, the system can determine the exact 

location of a worker by then looking up the stored locations of the individual items.  RFID 
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technology utilizes a small tag, typically a sticker, with an embedded chip that powers itself 

and broadcasts its data through radio frequencies. An RFID broadcast device could be worn 

by a worker, while passively sending out radio frequencies and listening for replies.  As the 

worker passes within a close proximity of any tags, the system would be able to identify the 

tag and cross reference the equipment in a database (Li, et al. 2016).  Additionally, heat sensors 

could be used to identify equipment running out of spec and isolate potential hazardous 

material leaks.  (Li, 2017) 

 

The more recent availability of intrinsically safe devices can now allow technology to be used 

in potentially explosive environments.  This expands the reach of wearable safety technology 

even further, into the highest-risk areas of dangerous industries.  (Fugini, Maggiolini, Raibulet, 

& Ubezio. 2009) 

 

Wearable technology has greatly impacted the ability to bring access to data seamlessly into 

the workplace.  Although it is often categorized by its mobility (essentially considered portable 

computing ability), the definition of wearable technology goes far beyond.  It must be 

integrated, seamless, transparent, comfortable, portable, multi-functional, useful, reliable and 

practical (Kurwa, Mohammed, & Liu, 2008).  It must offer hands-free operation, mobility, 

augmented reality, sensors and perception (Kortuem, Segall, & Bauer, 1998).  Finally, it must 

be accessible, wearable, stable, convey information in an effective manner, and be socially 

acceptable (Profita, 2011).   

 

An emerging trend is the pairing of wearable technology with augmented reality.  Unlike 

virtual reality, where the user is completely immersed in a virtual experience, shutting out the 

real world, augmented reality allows the user to still see and interact with the real world, while 

also interacting with information delivered through from the computer (Izkara, Perez, 

Basogain, & Borro, 2018). 

 

While systems containing identifying and sensing capabilities provide a backbone for 

implementing wearable technology in the workplace, the effectiveness of the solution can be 

improved even further through the addition of location-based tracking.  All tracking systems 

can be classified as either beacon-based or global positioning system (GPS) based.  Beacon-

based location systems rely on small, wireless transmitters that broadcast signals to the 

immediate area.  Often beacons leverage lower-energy Bluetooth technology (Pointr, 2015).  

A receiver (often a handheld device such as a smartphone or tablet) senses the signal from the 

beacon and interprets the data.  Beacons typically have limited range, so this technology is 

often used within smaller areas, especially for indoor applications such as in stores and trade 

shows. The GPS system is made up of 31 active satellites currently in orbit around the earth.  

These satellites broadcast a relatively weak signal that can be picked up almost anywhere on 

the planet.  Anyone with a GPS receiver can pick up the signals, and once a minimum of 3 

signals are confirmed, the receiver can calculate the exact position on the surface of the planet.  

This is accomplished through triangulation; the receiver has data on the exact locations of all 

the satellites and is able to calculate precise distances to each.  Once a precise radius is 

determined from three satellites, the exact position is the point of intersection of these three 

radii (O’Leary & Darrin, 2009).  GPS is the most commonly used technology within wearable 
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technology, utilizing wireless signals from at least three positioning satellites to triangulate a 

precise geographic position (Tang, Shi and Lei, 1997).  Integrating location-based technology 

allows a system to be continually aware of not only its position but track its movements in real 

time.  This is critically important in many safety related applications.  Tracking movement 

allows the system to convey an exact location in case an emergency situation arises.  It also 

allows the system to ensure the worker is not stationary.  In a working alone scenario, where 

a second worker is not available to verify the status of the individual, a prolonged lack of 

moment can be interpreted as a potential alarm condition (Tang, Shi and Lei, 1997).  This can 

trigger a series of actions, such as simply triggering an audible alarm on the device, contacting 

the worker or sending a nearby coworker to verify their safety, or dispatching emergency 

response services.  These actions are predefined and typically cascade based on the failure of 

the previous action, providing the appropriate response in case of an actual emergency (Olson 

& Austin, 2008). 

 

The development of sensors used to capture biometric data, in conjunction with the availability 

of low-power radios and dedicated operating systems further allow wearable technology to 

also capture real time data about the person wearing it.  In addition, these sensors are being 

miniaturized, allowing them to be more easily concealed within existing devices. Most 

commonly, data captured includes movement, respiratory rate, heart rate, and oxygen 

saturation (Bonato, 2010).  This type of data opens up further possibilities within the wearable 

space.  A richer array of telemetry can add to, or enhance, the existing functionality.  For 

instance, in the working alone scenario, if data such as heart rate or oxygen saturation was 

available in conjunction with the lack of GPS based movement, the data would be far more 

valuable, as false alarms would be minimized, and actual alarms could be confirmed and 

actioned sooner (Olson & Austin, 2008).  A lack of movement alone would no longer 

necessarily trigger the same level of response (particularly useful if the worker was simply 

resting or sitting at a workstation and not moving sufficiently to trigger a location change).  

Conversely, if it was known that the heart rate or oxygen saturation was dangerously low, the 

appropriate medical response could be dispatched quicker, and critical information passed on 

prior to their arrival.  This could allow for more appropriate response personnel, equipment 

and medication to be dispatched, as well as potentially saving time during the initial triage and 

diagnosis (Lund, 1992).   

 

This research will investigate how various wearable technologies are used, alone or in concert, 

to identify potentially dangerous situations in a workplace, and subsequently alarm the wearer 

to the possible hazards.  It will also explore potential improvements which could be 

implemented to leverage the technology further. 

 

The research and interviews will be conducted in Canada, specifically within the onshore Oil 

and Gas industry.  This sector is ideally situated, as it presents not only a hazardous work 

environment, but also an industry that has the financial means, and strong desire to 

aggressively pursue innovation and technological solutions (Shoja & Jalali, 2017). 
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1.2 Previous Studies 

 

As this technology originated in medical and military applications, before moving primarily 

into the retail consumer market, a large number of studies are centered on these industries 

(Rutherford, 2010).  While this is somewhat relevant from a historical, grounding point of 

view, it does not speak directly to the use of leveraging wearable technologies to predict 

danger and improve workers situational awareness within hazardous industries.  Many of the 

studies merely build an understanding of the development of the technology up to this point.  

The main focus of this research, however, will be on more recent studies dealing specifically 

with utilizing wearable technology to assist in identifying dangerous conditions and 

subsequently connecting to augmented reality for the purpose of raising the situational 

awareness of the worker in order to reduce hazards and risk (Thomas & Sandor, 2009).    

 

Fugini, Maggiolini, Raibulet, & Ubezio (2009) studied the model for engineering risk 

management systems by utilizing wearable technology in hazardous work environments.  A 

qualitative analysis was conducted on risk levels of specific areas, types of wearable objects, 

identification and localization, application and functional consequences, service platform and 

validation aspects.  The research discovered how the most recent technical achievements of 

the technology can be made extremely useful in hazardous industries, making a significant 

contribution to increasing safe-work environments.  By identifying hazardous conditions 

early, workers can adjust their actions to maintain a higher degree of workplace safety.  This 

supports the idea that a more fulsome understanding of the immediate environment (improved 

situationist awareness), leads to more appropriate and safer decisions being made by the 

worker within that environment.   

 

Fernandez (2014), investigated the use of wearable technology, specifically its uses for 

tracking purposes, capturing not only movements, but a wide variety of biometric data such 

as heart rate, sleep patterns, body temperature and blood pressure.  A case study approach was 

utilized as the author examined several cases where wearables were used, including health and 

fitness applications, tracking of children and pets (security) applications, to commercialization 

applications (Disney guests).  An argument is made that as wearables become further 

integrated with other technologies, they themselves become the platform, driving additional 

interfaces. For instance, the introduction of devices such as smart phones has enabled 

developers to focus on building apps that serve very specific purposes.  Historically, someone 

who wanted to create wearable technology needed to build both the hardware and the software, 

while at the same time coordinating sales and marketing channels and providing support for 

all of the above.  Today, “users are unlikely to wear a bracelet that does nothing but reserve 

library study rooms or share their online search history for reference librarians to access. But 

they might be willing to download an extra application for their fitness bracelet that does 

exactly that” (Fernandez, 2014, p.3). The smart phone is an excellent example of a device that 

incorporates several wearable technologies in which the openness of development 

opportunities allow for the creation of a plethora of specialized applications.  While this study 

does not directly mention hazardous situations, it is relevant from a technological point of 

view. 
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Li (2017) performed a study on the use of RFID technology, wearable technology, intelligent 

identification alarm technology and GPS satellite positioning technology within the safety 

monitoring system of dangerous operation areas.  The research was made up of case studies, 

relying on an empirical investigation of the phenomenon within its real-life context. The 

participants were high mobility and high-risk workers.  This meant they were physically quite 

active throughout their activities, and typically engaged in work which was historically 

subjected to higher frequency of safety related incidents.  The workers were all conducting 

their work activities at shipping port facilities, primarily moving packaged products from one 

means of transportation to another.  The architecture of the wearable data acquisition device, 

the data processing equipment and the remote monitoring & control center were analyzed, and 

the research achievement was applied. The findings were primarily related to the frequency of 

unsafe lifting activities, and positioning of workers (putting themselves ‘in the line of fire’ of 

a potential incident consequence).   Although this is a slightly different environment that what 

this study will focus on, it is directly relevant and offers very similar dangerous situations.   

 

1.3 Problem Statement 

 

Due to the high number of work-related injuries, illnesses, and fatalities, industry should look 

to technology to increase safety performance of its workforce.  Some studies show that as 

many as 55% of hazards in a worker’s immediate work environment is not identified and 

managed (Albert, et al., 2016).  In addition to traditional PPE, wearable technology, GPS/GIS 

systems, and augmented reality can now be leveraged in conjunction with artificial intelligence 

and actionable intelligence to predict, intervene, and prevent incidents.  While the technology 

currently available does indeed aid in workplace safety, it is not sufficient.  Not all 

organizations make the devices available to their workers. In many cases where it is available, 

the workers are unaware of how to use it correctly or forget to activate it, rendering it useless.   

 

As I am currently working within the technology and risk group of a multinational company 

within this industry, I have both unique insight and direct access to real-world data and the 

affected workforce.  In the case of dangerous work conditions, specifically within the 

Canadian Oil and Gas sector, some wearable technology is already utilized.  For instance, the 

use of wearable, four-head toxic gas sensors has been commonplace for many years.  These 

devices contain a sensor that identifies certain airborne particles in the immediate 

environment.  In essence, they ‘smell’ for harmful gases, giving off a loud audible alarm when 

the concentration of gas reaches a particular threshold.  These are particularly useful in this 

industry, as there is a large portion of sour gas produced within Canada.  Sulfuric gas, which 

is what makes the product ‘sour’, is extremely hazardous, even in small amounts.  Figure 1 

shows a commonly used version of a 4 head gas monitor (Tems & Dean, 2000). 
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Figure 1. Workers displaying the use of a 4 head gas monitor (ACE Instruments, 2019) 

 

Sulfur compounds are often added in miniscule amounts to other more household gases, such 

as propane, which are otherwise odorless.  The recognizable ‘rotten egg’ smell alerts people 

nearby to the presence of the dangerous gas.  In North America, propane is commonly used 

for fueling barbecues, heaters, and even some tools.  The difference with these cases is that 

the propane contains a very controlled (and incredibly low concentration) of sulfur dioxide.  

Within the Oil and Gas industry, this concentration fluctuates.  At an amount over 40 parts per 

million (ppm), the gas deadens the body’s ability to detect.  It overpowers the scent receptacles 

in the nose to such a degree that they smell nothing.  This increases the danger, as workers 

who would normally be alarmed by the smell, are fooled into believing the danger is subsiding, 

when in fact it is the opposite.  At this concentration, exposure can be lethal within 10 minutes 

(Shupe et al, 1972). Exposure levels over 1000 ppm are not uncommon in the oil and gas 

industry. This is the ideal situation for wearable technology, and exactly the reason why four 

headed toxic gas sensors are worn.   

 

Another wearable technology which is just beginning to emerge within the industry is the work 

alone sensor.  While this technology is not leading edge, the application of it is somewhat 

unique, and has not yet become commonplace (Lee, et al., 2008).   

 

The premise behind work alone technology is to identify when a worker who is working in 

isolation has encountered a problem and has been ‘knocked down’, that is to say, lost 

consciousness or the ability to move themselves out of danger.  The use case can also extend 

to a group of workers, in a particularly hazardous or confined situation.  More recently, some 

companies have begun using it as part of their journey management system, identifying that 

workers traveling are safe (Shock Trauma Air Rescue Service Foundation, 2018).   

 

In its earliest form a device was worn, often in the form of a small lanyard.  This device had 

GPS capability, and was able to identify movement.  It continually communicated, wirelessly, 

to a base station located in the worker’s truck, which in turn communicated wirelessly back to 

a monitoring system.  At set intervals, the device would send telemetry, showing that the 

worker was moving.  The basic premise being that as long as the worker moved, there was no 

issue (Shock Trauma Air Rescue Service Foundation, 2018).  Figure 2 shows a visualization 

of working alone technology. 
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Figure 2. Visualization of worker working alone, monitored via GPS based technology by remote  

monitoring center connected to emergency services. 

 

 

The system has progressed to include sudden fall detection.  In addition, the amount of 

movement it can sense has gone from meters to centimeters.  Recently many providers have 

migrated to a phone-based solution, as mobile phones contain the necessary hardware, and are 

already being carried by the employee.  Use of the mobile phone also conveniently included 

direct communication abilities (Chen, et al., 2005).   

 

The problem within the industry is that there is no consistency in what wearable technology is 

deployed, or how it is used.  Furthermore, there is not a clear consensus on whether or not 

technology actually impacts the perceptions or situational awareness.  There does appear to be 

an innovative appetite within the industry to leverage technology as frequently and as deeply 

as possible, particularly looking at ways of improving actionable intelligence (Karren, 2019).  

Augmented reality is poised to deliver improved big data access in a ‘just-in-time’ capacity, 

however it is unclear how this could be integrated into the industry (Costello, 2018). 

 

1.4 Purpose Statement and Research Questions 

 

In this study, the aim is to understand the current use of wearable technology within the 

conventional, on-shore Canadian Oil and Gas industry.  The cases mentioned in section 2.3 

are common uses but may not apply to all the companies across the industry.  Firstly, the aim 

is to confirm what technology is currently used, and how that technology is leveraged to 

identify potentially dangerous situations.  This includes environmental sensing devices and 

location & movement tracking technologies, but also extends to identify any other 

technologies leveraged within the industry.  Secondly, to explore how the worker’s perception, 

and corresponding actions, are impacted by the use of the wearable technology.  The 
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perception question is specifically tied to danger and hazard identification by the worker, while 

the corresponding actions relate to any safety-specific actions taken to mitigate or prevent the 

perceived dangers and hazards.   This will of course vary greatly between individuals and the 

situations within they work.  Furthermore, the overall sense of unease is of particular interest 

when it comes to perception.  The term unease is used extensively within the industry (Fruhen 

et al., 2014), particularly in conjunction with health and safety Conklin, 2012).  It is understood 

that there is always some level of unease when approaching any activity within this dangerous 

environment, however the experience can vary from person to person.  The central issue here 

is the level of unease experienced by the worker as they approach their work, and how this 

unease is altered (if at all) by the introduction of safety-related wearable technology.  Finally, 

there is a focus on discovering what gaps may exist, and an exploration of any potential 

solutions, specifically leveraging augmented reality.  Again, this will vary greatly between 

individuals as some may have a deeper interest in or understanding of technologies available.   

 

In order to attain the aims and objectives of this study, the following research questions need 

to be explored: 

 

-How do workers utilize wearable technology to identify dangerous locations and situations? 

 

- How do workers perceive the use of wearable technology in regard to keeping safe while in 

dangerous situations? 

 

- How do workers feel that wearable technology capabilities can be improved in regard to 

safety-related situational awareness? 

 

1.5 Topic Justification 

 

Preservation of human life is of the utmost importance in any circumstance.  The impact of a 

serious injury and fatality is not limited to only the individual involved, but typically has a 

devastating effect of a significant network of people around the victim.  It is especially tragic 

when these sorts of incidents occur in the workplace, where the organization often has access 

to the resources necessary to avoid such an occurrence.   

 

In the vast majority of cases, work-related injuries are precipitated from an error in judgement 

by the worker.  For many years, health and safety professionals have attempted to discover 

patterns or trends to aid them in predicting the next incident.  Unfortunately, no matter what 

defenses have been put into place, it has proven impossible to consistently predict these errors.  

Whether the root cause is related to worker complacency, lack of knowledge, or lack of 

recognition of a dangerous situation, the worker fails to perform the correct task at the required 

time.  (Dodge, 2012) 

 

This study will specifically analyze the worker’s perception of a situation and their interaction 

with the technology throughout dangerous environments.  As the oil and gas industry relies 

heavily on wearable technology and is an early adopter of leading-edge safety technologies 
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(Shoja and Jalali, 2017) the study will center on this industry while complementing existing 

studies from other industries (Fernandez, 2014; Li, 2017).   

 

There still appears, however, to be a gap in the utilization of wearable technology within the 

industry.  Only the most basic versions of available technologies are utilized, and even then, 

deployment is quite inconsistent (Bennett, 2016).  The appetite for the technology is present.  

Blaine Tookey, BP’s technology principal, has stated that “Wearables can carry out a lot of 

external sensing that doesn’t happen at the moment, providing real-time feedback about the 

environment” (Bennett, 2016).  This study will describe the current technology use-case and 

understand how the technology can be better utilized.  Furthermore, it will attempt to provide 

insight specifically on how augmented reality can be leveraged to further advance wearable 

technology in this space.  

 

1.6 Scope and Limitations 

 

The scope of this study is to understand how wearable technology is currently leveraged within 

the Canadian on-shore oil and gas industry, especially relating to how the situational 

awareness of the worker is impacted.  It will also explore how wearable technology can be 

further leveraged to improve safety in the work environment, specifically focusing on 

augmented reality. 

 

While wearable technology is a massive field, the research would be limited to connected, 

wearable devices within hazardous industries (oil & gas exploration and production, storage 

and transportation, where there is a high risk to the worker).   

 

The focus is not only on the latest devices themselves, but how the value can be increased 

through real-time connections to augmented reality systems, providing “just-in-time” 

actionable intelligence to the worker.  There are two sides to this research: how the technology 

is utilized today, and how it can be improved through the integration of augmented reality 

going forward.  The technology is generally widely publicized and analyzed through a variety 

of science and technology publications, and several industries who are early in the adoption.  

As I work within a technology group for a multinational company in such an industry, I also 

have direct access to real-world data and workforce.   

 

The small sample size will be a limitation as the findings will not necessarily be representative 

of the entire industry.  The convenience selection approach could also be considered a 

limitation, as interviewees will be selected from the interviewer’s expanded industry peer pool, 

and it stands to reason that these individuals will have been exposed to similar technologies 

and have similar expectations.   

 

On a larger scale, the study is limited to a very specific subsection of one industry; the 

conventional, on-shore Canadian oil and gas industry.  Findings may not be representative of 

the larger industry, or any other industries.   
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2. Review of Literature 

 

2.1 Human Computer Interaction 
 

Information and communication technologies are critical in driving implementation of 

knowledge management strategies and systems in companies (Ordonez de Pablos & Lytras, 

2012).  Human computer interaction (HCI) includes topics for competitiveness such as 

analysis, design, and evaluation methods; guidelines and design heuristics, intelligent systems, 

usability engineering, usability testing, user modeling and adaptation and user profiling and 

individual differences between users (Garcia-Penalvo, Colomo-Palaios & Hsu, 2013).  HCI 

also looks to the future, exploring potential designs and applications yet to be realized.   

 

HCI is a wide and varied field and encompasses many areas.  Most simply put, HCI is 

“understanding how humans interact with computers, and creating new and effective ways for 

humans to interact with computers” (Guo, 2014. p 10).  Within this definition, ‘computers’ 

can refer to several types of technology, including desktop or portable computers, tablets, 

mobile phone, wearable devices, etc.  Both the hardware and any software running on the 

hardware are included in the field.   

 

There are several methodologies outlining various aspects of HCI: 

• Activity theory is an attempt to move beyond the hard science of traditional 

methodology and provide a framework that takes actions into account (Kaptelinin, 

2012).   

• User-centered design, as the name implies, focuses on the end-user of the system.  

Developers and users work jointly to determine requirements and limitations to create 

a more robust system.  Ethnographic studies can provide insight to the users needs.  

• Principles of user interface design are considered throughout the design and 

development of a system.  They include: tolerance, simplicity, visibility, affordance, 

consistency, structure, and feedback (Tidwell, 1999). 

• Value sensitive design (VSD) takes into account the values of the stakeholders, that is 

to say the direct users as well as those impacted directly or indirectly.  This very 

iterative process involves conceptual, empirical and technical investigations to 

understand requirements and aid in design and development (Friedman, Kahn, Borning 

& Kahn, 2006). 

 

In this study, there will of course be elements of each methodology, however the Value 

sensitive design methodology seems to align the best.  The technology used is directly related 

to the best interest of each of the stakeholders.  In this very iterative design process, there are 

typically three phases: conceptual, empirical and technical.  The conceptual portion focuses 

on understanding the various stakeholders of the technology, including any values and 

conflicts.  The empirical portion aims to inform the designers’ understanding of the 

requirements of the users. Finally, the technical portion can include either the design of 

systems used to support the requirements determined in the conceptual and empirical 

investigations, or an analysis of the use of related technologies (Friedman, et al., 2006).   
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One of the most critical parts of the interaction is the interface.  This is the actual point of 

interaction and communication between the human user and the technology.  Depending on 

the specific application, this interface can have any combination of one or many aspects.  Some 

of the common aspects which will apply to this study include (Griffin & Baston, 2014): 

 

• Visual: typically the most common interface.  In traditional computing this includes 

the screen, printer, or some other visual gauge.  Within the bounds of this study, this 

aspect is currently underserved, as the existing wearable technology used utilizes only 

basic visual alarms. 

• Audio: another common interface, especially prevalent in safety applications.  While 

this is used more than the visual aspect in the wearable technology gear covered in this 

study, it is still somewhat underserved.    

• Task environment: includes the objectives the user is attempting to acheive.  In this 

study the task environment is limited to assisting the user identify potential issues 

while conducting their daily work routines. 

• Machine environment: describes the larger environment the technology is connected 

to.  For workalone technology this includes a satellite based geo-location system, 

cellular or wifi connection to transmit movement telemetry, and centralized monitoring 

center.  For environmental sensor based technology, the environment is largely 

standalone, connecting to larger systems solely for the purpose of calibration. 

• Areas of the interface: a desription of the interactions between human users and the 

technology.  In this case, this interaction is largely passive, with the human user relying 

on the technology to alarm as needed when attention is required. 

• Input and Output flow: A continuation of the area of interface, these outline the actions 

and information that sets the task environment in motion, and the information that 

flows out of that environment.  Again, being a relatively passive technology, the inital 

input is the activation of the technology, with subsequent inputs happening 

automatically without user intervention.  Feedback also happens automatically either 

via the montoring centre (work alone) or within the device (sensors), providing alarms 

when danger conditions are met 

• Feedback: the passive nature of wearable technology minimizing any feedback loops 

between the user and computer.  The purpose of the wearable safety devices is to 

eliminate the need for human intervention, establishing communication only when 

alarm conditions are met.  

• Fit: the alignment of design to purpose.  The greater the fit, the less impact on the user, 

and the more optimized and valuable the output.  This study deals with a somewhat 

skewed sense of value on the output, as despite the fit (or lack thereof), the output is 

still incredibly valuable (literally life saving).  It is still important to consider fit, 

however, as despite the bias towards the output, if the device itself is too cumbersome 

or complicated, the human user will simply not engage in its use.   

 

In this study, the aspects currently used are the Visual, Audio, and feedback. The final research 

question will examine if other aspects can be leveraged to improve the workers’ experience.   
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The ultimate goal of researching HCI is to fully understand the interaction between humans 

and computers, and in turn improve this relationship.  This study focuses on wearable 

technologies, and as such, the emphasis will be on how the technology can be leveraged to 

“bring a more natural and relaxed interactive experience” (Zhang & Xu, 2018, p.1049).  It is 

believed that in most scenarios, the appropriate information required by a worker is in fact 

available but may not be appropriately accessible.  This lack of availability can be due to a 

number of causes, including a cumbersome interface, the data being buried deeply in a 

database or in printed material, the data source being in remote location, the knowledge not 

having been shared adequately, lack of training, or simple human error.  The lack of timely, 

pertinent information could in many cases avoid accidents and in turn injuries.   

 

Although HCI deals with the entire spectrum, from system design and development to end 

user interaction, this paper will focus more so on the end user. Design and development are 

interesting aspects that need to be understood and executed correctly but are nevertheless out 

of scope.  It is expected that the ultimate goal is the safety of the worker, and as such, we 

can concentrate on the use of the existing technology and speculate on potential 

improvements. 
 

2.2 Hazard Identification 
 

Hazard identification is at the root of this research.  Incidents resulting in injuries occur when 

hazards within the work environment are not recognized.  This is because without proper 

identification, workers and managers are unable to develop and implement adequate defenses 

to mitigate against these hazards (Albert, et al., 2014, & Carter & Smith, 2006). 

 

Even trained professionals routinely miss hazards within the workplace.  Flemming (2009) 

questions the ability and consistency in which professionals and safety managers are able to 

identify every hazard within the work environment.  This is further compounded by the fact 

that not all hazards are equal; some may be more serious, based either on probability or 

potential severity.  It is often impossible to determine if the most important (most threatening) 

hazards are identified (Albert, et al., 2016).   

 

Albert et al. (2016) states “Hazard recognition is critical in developing situational awareness 

and identifying and responding to danger”.  Unrecognized hazards can have a critical impact, 

even leading to fatalities.  Despite the importance of adequate hazard identification, a large 

proportion of them are not recognized and as such can not be managed (Carter & Smith, 2006, 

& Haslam, et al., 2005). 

 

2.3 Wearable Technology 
 

There are many definitions and description of what wearable technology means.  Depending 

on the application, various technology can be considered wearable.  To fully understand what 

is classified as wearable technology, we must look at characteristics, features, and functions 

of the device.  For example, one of the main characteristics is hands-free function (Watier, 

2003).  However, these criteria alone would include technologies such as mobile phones, 

personal assistant devices, and Bluetooth hands-free microphone/speakers incorporated into 

vehicles.  None of these should be considered wearable.  We must therefore broaden the scope 
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and consider multiple characteristics and functions in context with the environment in which 

they are used.   

 

Wearable technology must be integrated, seamless, transparent, comfortable, portable, multi-

functional, useful, reliable and practical (Kurwa, Mohammed, Liu, 2008).  Offer hands-free 

operation, mobility, augmented reality, sensors and perception (Kortuem, Segall & Bauer, 

1998).  Be accessible, wearable, stable, convey information in an effective manner, and be 

socially acceptable (Profita, 2011).   

 

There are many practical features of wearable technology.  Unlike traditional devices that need 

to be taken out, turned on, and consciously interacted with, wearable devices are continuously 

running and ready for interaction.  They may be voice, motion, or sensor activated, or have a 

simple interface, but the user should not be required to stop what they are doing to activate the 

device (Jhajharia & Verma,  2014). 

 

They operate in a complimentary fashion.  That is to say, they do not provide the primary 

function for the worker.  Rather the wearable technology serves to “increment the intellect or 

augment the senses” (Jhajharia, Pal & Verma, 2014, p. 5700) while the worker is performing 

their primary function, increasing the workers situational awareness.     

 

Furthermore, this interaction needs to be unrestrictive and reliable in that the worker can not 

be interrupted in the primary task while the additional support is delivered.  A stoppage of 

work to interact with the technology, regardless of reason, would defeat the purpose (Jhajharia 

& Verma,  2014).   

 

Finally, it needs to be convenient.  This includes being available at the right time with the right 

information, as well as practical considerations such as the form factor and wearability. This 

convenience has hindered the development for some time.  Obstacles such as weight, battery 

life, processing power, and connectivity have led to the delay of widespread introduction of 

wearable technology (Jhajharia & Verma,  2014).  Recent advancements in these areas, along 

with significant investment and emphasis on the technology by influential companies such as 

Google, Apple, Samsung, and Microsoft have not only accelerated the development, but 

secured the viability of wearable technologies (Çicek, 2015).  With the emergence of ‘gadget’ 

wearables, some feel the technology is a fad or a at best serves a niche market, but recent 

technological advancements have allowed for industry penetration making wearable 

mainstream and a critical part of the future of a safe workplace. 

 

2.4 Location Based Tracking Technology 
 

Location and movement tracking technology can ensure workers, especially those working 

alone, are properly monitored.  The technology can sense a lack of movement, or a sudden 

movement such as a fall from height, and alert appropriate emergency response services 

(Melillo, et al., 2015).  Geo-fencing can be set up to identify particularly dangerous areas on 

a map, allowing location technology to alert workers as they pass through the fence.  When 

linked to augmented reality, this can be a very situationally relevant and meaningful alert. 
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With the introduction of bio-sensors, this technology will become far more valuable, as it can 

become more predictive and provide more accurate details to responders.  For instance, 

collecting indicators such as the worker’s heart rate, blood oxygen level or body temperature 

would be important information for safety monitoring staff, and could aid in an emergency 

response. 

 

2.5 Augmented Reality within Wearable Technology 
 

Augmented reality can be integrated to enrich the real-world environment.  Layering in data 

such as sound, video, graphics, documentation, GPS telemetry, etc., the worker can continue 

with the task at hand, while instantly having access to pertinent information relating to the 

situation.  Arguably the most exciting application of augmented reality is through the use of 

smart glasses; these look much like traditional safety glasses (and can serve in that capacity), 

but also contain a built-in digital display and speakers that allows wearers to receive real-time 

data while continuing to work.  Cameras, or similar sensors can also be used to drive the 

intelligence behind the data feedback.  For instance, a camera could use device recognition to 

ascertain the location of the employee and supply pertinent equipment data, or heat sensors 

could detect a machine running outside of the safe specification. (Li, et al., 2016). 

 

2.6 Relevance 
 

This chapter has examined the literature that supports issues with hazard identification, 

outlines various wearable technologies, and describes an appropriate model for understanding 

human interaction with the technology.   

 

This literature provides part of the foundation upon which this research is based.  The issues 

faced in proper hazard identification and determination of situational awareness are core to 

the central problem this study addresses.  The technologies outlined summarize the current 

technologies utilized by industry within this environment, and also consider technologies that 

could be used for future implementations.  The literature on HCI introduces the human 

interaction aspect as it describes the potential interfaces between the proposed technologies 

and its users.   
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3 Methodology 

 

3.1 Methodological Tradition 

 

There are three methodological traditions to consider for this study: Positivism, Interpretivism, 

and Critical Research. 

 

Positivism 

The positivist approach believes that objective reality exists and that it is independent of 

humans and human constructs.  Because reality is relatively stable and measurable, it can be 

described within models and theories.  An important feature of the positivist method is that 

variables can be measure objectively and independently, and that these measurements can be 

repeated and generalized (Creswell, 2014, Crang & Cook, 2007). 

 

Interpretivism 

Conversely, the interpretivist approach believes that reality can only be understood through 

social constructs, where humans have determined the meanings.  An important feature of the 

interpretivist method is that variable can not be measure objectively, rather require the 

interpretation of the researcher.  This often introduces the researcher’s beliefs and biases into 

the observations.  The phenomena needs to be observed within its natural setting, and any 

measurements can not easily be repeated or generalized (Creswell, 2014, Crang & Cook, 

2007). 

 

Critical Research 

In critical research, the social reality is produced by humans.  As social relations are not stable, 

contradictions exist, which lead to inequality and injustice. These contradictions must be 

identified and assessed in order to facilitate change (Crang & Cook, 2007, Creswell, 2014). 

 

The philosophical position that this research draws on is interpretivism as the focus is on the 

complexity of human experience with regards to wearable technology within a hazardous 

workplace environment.  The environment in which the participants work is very dependent 

on social constructs and is incredibly dynamic in terms of human variables.  Interpretive 

research therefore provides a better understanding of the situational awareness of the worker.  

In this case knowledge is gained through the understanding of “social constructions such as 

language, consciousness, shared meanings, documents, tools and other artifacts”.  (Klein & 

Myers, 1999, p.69) 

 

3.2 Methodological Approach 

 

There are two distinct methodological approaches to consider.  Quantitative or qualitative 

research.   

 

The quantitative method revolves around the numbers, focusing on logic and unchanging data 

through an objective lens.  This research is based on convergent reasoning, leveraging tools 

such as polls, questionnaires, and surveys to collect data (Babbie, 2010).  Within this approach, 
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the emphasis is on mathematical, statistical or numerical analysis, generalizing the data across 

the population to explain the observed phenomenon (Mujis, 2010) 

 

The qualitative method examines the socially constructed nature of reality, finding meanings 

that are not measure or discovered experimentally in terms of quantity, intensity or frequency 

(Denzin & Lincoln, 2005).  The emphasis in on divergent reasoning, generating a variety of 

ideas in an unstructured, more free-flowing and spontaneous way. 

 

The methodological approach for this study is qualitative research.  This type of inquiry is 

designed to understand people, social, and cultural context, specifically examining the issues 

from the point of view of the participants.  Data analysis in qualitative research should be 

inductive and iterative, meaning it can lead to further areas to be considered within the study 

and the research continues (Lichtman, 2013).  In the case of this study, we will attempt to 

analyze the use of wearable technologies within their natural settings, that is to say as applied 

to a dangerous environment while conducting work.  The data will be captured through 

interviews with emphasis on the narrative, as described by Coffey & Atkinson (1996).   

 

3.3 Research Setting 

 

This study was focused within the Canadian Oil and Gas industry.  Canada is the world’s fifth 

largest oil producer and holds the world’s third largest proven oil reserves.  The industry 

contains three major sectors, Tight oil, Oil sands, and Offshore (Natural Resources Canada, 

2019).    Due to the fact that Offshore operations are very different in nature and scope than 

onshore operations, this study was limited to Tight oil and Oil Sands operations.   

 

The industry employed over 528,000 individuals in 2017, however due to the cyclical nature 

of this commodity, this number tends to range from 500,000 to 750,000 (CAPP, 2019).  While 

the frequency of injury or fatality is quite low within the industry (as compared to other 

industries within Canada), it is nevertheless considered dangerous due primarily to the 

exposure of hazardous materials (Tucker & Keefe, 2018).  Given the industry’s appetite for 

innovation along with its financial ability to invest in technology (Shoja & Jalali, 2017), this 

has resulted in an ideal research setting for this study.   

 

The workers involved are highly educated and skilled field personnel.  They can be based out 

of remote field offices strategically located within their areas of operation or reside in a ‘camp’ 

situation directly adjacent to a larger operational lease.  On a daily basis, they interact with the 

production equipment to ensure continued, safe operations of the facilities. In many cases, this 

involves travelling and working alone.   

 

To minimize the risk to the employee, wearable technologies such as movement 

sensing/tracking GPS based devices (Tang, Shi and Lei, 1997) are worn in conjunction with 

environmental sensing (gas sniffing) devices.  These devices are designed to alert a worker to 

the presence of a potentially fatal environment, as well as determine if a worker has ‘gone 

down’. In essence, it determines if a worker has collapsed or stopped moving due to exposure 

to fatal gas (Fernandez, 2014, Fugini, et al., 2009).   
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The devices are considered wearable, but do need to be charged daily, and are required to be 

activated (turned on) with each use, which can impact their functionality, integration, adoption 

and impactfulness (Profita, 2011).   

 

3.4 Methods/Techniques for Data Collection 

 

3.4.1 Participants 

 

In qualitative research, participants are selected based on their ability to best inform the 

research questions and improve understanding of the research subject (Sargeant, 2012).  

Traditionally, a ‘bigger-is-better’ approach linked size to accuracy insofar as data collection, 

however, more data points do not necessarily equate to a more representative data set (Bollier, 

2010). The nature of this study has limited the sample to a small size (recommended to be at 

6-8 workers).  Initially 8 individuals were invited to participate, with the expectation that 

based on the replies, an additional number may need to be invited to reach the recommended 

total group size.  Out of the initial 8 invitees, all 8 accepted the invitation, eliminating the need 

to reach out to any additional workers. 

 

The selection process was a convenience sample.  While this is often less desirable than a 

random or systematic sampling process, the necessity of availability made this the preferred 

approach (Creswell, 2014). 

 

Data was collected through participant interviews with selected workers within the Canadian 

oil and gas industry, who utilize some amount of wearable technologies on a daily basis.  The 

participants were selected to represent a cross-section of workers currently working in a field-

based position.  The specific role fell into one of several functional departments involving 

regular interaction with a hazardous environment where wearable technology is required.    

 

Participation was voluntary.  Despite best efforts to invite participation from a representative 

population, inclusion was ultimately based on availability and the willingness of individuals 

to participate.   

 

3.4.2 Data Collection 

 

Involvement: 

There are several styles of involvement when collecting data.  Traditionally, there has typically 

existed a separation between an ‘outside’ or ‘uninvolved’ researcher and an ‘inside’ or 

‘involved’ researcher (Walsham, 1995).  The outside researcher conducts the study mainly 

through the use of formal interviews, while the involved researcher is a participant observer 

or action researcher. 

 

This theory has evolved somewhat, as Walsham himself has adjusted the approach to reflect 

more so a spectrum.  In one end of the spectrum is a more neutral observer, while in the 

opposite end is a full action researcher (2005).  The neutrality of the observer in the one end 
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by no means implies unbias.  In fact, it is often the observer’s past experience and education 

that help design the interview and properly interpret results.  In contrast, the full action 

researcher is explicitly and consciously attempting to impact things in a way they feel best 

suites the study. 

 

This study takes the neutral observer approach.  The observer is certainly not unbiased, 

exploiting past experience and education using the technology and within the industry.  Even 

the interviewees were identified through personal connections within the industry.  The 

observer however did make every attempt to stay neutral and prevent inadvertent direction 

during the interviews.   

 

It is worth noting that in many instances, gaining access is a critical hurdle.  Simply finding 

suitable test subjects can be incredibly difficult, let alone establishing sufficient trust to enable 

the effective extraction of information.  In this study, previous experience and personal 

relationships within the industry accelerated this process.  There was still a significant amount 

of effort put in to properly communicate the purpose and intent of the study, as well as ensure 

anonymity, and privacy. 

 

MacNamara (1999) and Batmanabane & Kfouri (2017) speak to the value of establishing 

rapport with the subjects during the interview process.  The process is described through four 

phases: Apprehension, Exploration, Cooperation, and finally Participation. 

 

The initial apprehension exhibited by the interviewee can be overcome by beginning with 

broad, open-ended, non-threatening questions.  Initially engaging the subject can be a 

challenge, however once the interview is underway, most interviewees will relax and open up.   

 

Once the subject is talking, the exploration phase can begin.  This is the phase where the 

interviewee becomes engaged, which typically leads to a sense of sharing and even bonding. 

 

As the rapport grows, unease dissipates, and the interviewee tends to open up further.  The 

researcher at this point can ask more sensitive or probing questions. 

 

Finally, in the full participation phase, the interviewee assumes a more assertive role, typically 

guiding and teaching the interviewer.  Is it worth noting this often only happens in lengthier 

interviews, or in those situations where rapport is established quickly, such as in this study’s 

case, where the interviewee and interviewer have a pre-existing relationship with at least some 

level of trust.  As a direct result, this study was able to quickly progress to the cooperation and 

full participation phases, however care was still taken to not ignore or downplay the 

importance of the initial phases. 

 

Collection method: 

The method of collecting is also a critical aspect.  Collecting field data through interviews is 

a key way of accessing the information from the subjects.  It allows the respondents to 

communicate the data, while giving the interviewer the opportunity to interpret the data as 

well as any unwritten emphasis and inflection portrayed by the subject.  As mentioned, 
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establishing trust is a key element, as it is required to empower the interviewee to fully 

communicate their position.  It is also very important to maintain good timekeeping during an 

interview (Walsham, 2005).  This includes both the cadence of the questioning, and the overall 

time commitment.  The interviewer needs to ‘keep the interview moving’, but still allow 

sufficient time for each question, as well as sufficient ‘dead air’ to allow the respondent time 

to consider their answer and add any additional (often essentially important) data.  The entire 

interview needs to be completed within a reasonable amount of time to ensure quality answers, 

as a frustrated, annoyed or tired interviewee will rush through the responses.  This leads to the 

critical importance of maintaining the balance between passivity and over direction (Walsham, 

1995) 

 

Interview Structure: 

Interviews can be structured in three ways: structured, semi-structured, or unstructured.   

 

Structured interviews are best suited for quantitative research where relevant literature is 

highly developed with an established understanding of the topic (Batmanabane & Kfouri, 

2017).  They tend to be far more direct, so questions where the answers contain a set number 

of fixed choices naturally lend themselves to this type of structure.   

 

Conversely, unstructured interviews have no predetermined questions.  They can be conducted 

in conjunction with collection of observational data, making for a dynamic interview.  In these 

cases, the participant observes from the sidelines with the option of joining in on any activities.  

As the researcher learns more about the setting and the interviewee, additional questions 

emerge and can be added to the interview. 

 

Finally, semi-structured interviews are essentially a hybrid of the previous two.  These 

interviews are generally organized around an initial set of predetermined, open-ended 

questions which still allow for additional questions to emerge during the dialogue.  In 

qualitative research studies, the semi-structured interview is often the sole source of data 

gathered (Batmanabane & Kfouri, 2017).  Figure 3 shows an overview of the three different 

interview structures. 
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  Structured Unstructured Semi-Structured 

Interview 
questions 

Consistent for all 
participants 

Guided by participants' 
responses, but with no 
interview guide 

Guided by participants' 
responses, but with 
interview guide 

Pre-
determined 
questions 

Yes (often with limited set 
of responses) 

No (but pre-determined 
goal & focus for interview 
in place) Some 

Question 
type 

Direct 
Often answers are fixed 
choices Open-ended Open-ended 

Question 
wording Standardized Flexible Flexible 

Common use 
Well-developed topic 
with clear focus 

Evolving understanding by 
researcher 
Ideally the researcher has 
multiple opportunities to 
interview participants 

Data collection in the field 
Typically only one chance 
to interview participants 

Data 
recording 

Paper-based 
Web-based 
Telephone interviews 

Best practice to record 
interviews and analyze 
after the fact 

Best practice to record 
interviews and analyze 
after the fact 

Benefits 

Efficient with precise 
answers 
Responses are easily 
comparable across the 
pool of data 
Rapport is typically not an 
issue 
Ideal for quantitative 
research 

Understanding of 
environment/phenomenon 
is not required 
Can be a steppingstone to 
future, more structured 
interviews 

Maximum freedom for 
participants to express 
their views 
Ideal for qualitative 
research 

 
Figure 3. Interview Structures (Batmanabane & Kfouri, 2017) 

 

The individual questions can fall into six basic types: Background or demographic, behavior 

or experiences, opinions or beliefs, feelings, knowledge, and sensory experiences (McNamara, 

1999).  A properly structured interview will contain aspects of each.  Categorizing them may 

assist in the subsequent analysis of the data. 

 

Interview details: 

In this study, the interview was semi-structured, with a relatively short list of predefined 

questions, grouped by type.  The questions were open-ended and designed to gain an 

understanding of what wearable devices are currently used and how these technologies are 

integrated into the daily work routine.  There was an emphasis on how the use of these 

technologies impacted both the perception of danger, and the actions taken, within the work 

environment. Additional questions where added, which progressed to extract a deeper level of 

understanding of the benefits and limitations of the current technology and explored the 

workers’ opinion specific to the potential use of augmented reality technology.  The interview 

questions are outlined in Appendix B. 
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Interviews were conducted either in person, or via Skype meeting as many of the participants 

were geographically remote.  Interviews took place between the fourth week of March until 

the third week of April 2019, and on average lasted for approximately 25 minutes. 

 

3.5 Methods/Techniques for Data Analysis 

 

The research followed conventional qualitative data analysis design methodology.  The data 

consisted of the information collected through a series of interviews with a cross section of 

industry workers.  These interviews were recorded and transcribed to help with data collection, 

and in turn to aid in the development of key concepts and themes.   

 

Within the qualitative data analysis process, three techniques used to identify, code, and 

categorize themes were considered.  These include thematic analysis, grounded theory, and 

discourse analysis (Batmanabane & Kfouri, 2017).   

 

Thematic analysis explores the meaning of a phenomenon, by coding qualitative information 

and subsequently identifying themes.  This process also identifies why specific categories 

were chosen. 

 

Grounded theory explores the conditions in which the phenomenon occurs.  There is no 

preconceived framework or hypothesis, rather the data provides the direction towards abstract 

concepts.  The researcher then builds the theory accordingly (McNamara, 1999).   

 

Discourse analysis explores the technical exchanges which shape the phenomenon.  This 

includes language beyond sentences, such as what and how subject communicate, as well as 

visual communication methods (Batmanabane & Kfouri, 2017).    

 

In this study, the general principles of thematic analysis will be observed in order to 

adequately identify and capture the themes within the qualitative data.  While there are several 

versions of thematic analysis (Boyatzis, 2009, Guest, MacQueen & Namey, 2012), this study 

leverages ones specifically designed for qualitative paradigms (Braun & Clarke, 2006).  These 

versions focus on the organic approach to coding and theme development and the active role 

of the researcher in these processes (Clarke & Braun, 2016). 

 

The study’s analysis followed Lichtman’s (2013) principle of converting the data into the 

three C’s: Coding, Categorizing, and Concepts.  This approach involves identifying key words 

or phrases within the interviews by tagging them with codes, then refining and grouping those 

codes into categories.  In turn, through an iterative process, concepts are extruded from these 

identified categories.  Figure 4 shows the principle of converting data in to the three C’s, as 

described by Lichtman (2013). 
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Responses from 
Interview

Responses from 
Interview

Responses from 
Interview

Identify Codes

Formulate Categories

Develop Concepts

 
 

Figure 4. The principle of converting data into the three C’s: Coding, Categorizing, and Concepts (Lichtman, 2013) 

 

Specifically, the process outlined by Lichtman (2013) is summarized by a six step process: 

 

1. Collect responses and review, assigning codes to identify general ideas 

2. Review and refine coding through a second pass 

3. Destill codes into an initial list of categories 

4. Review initial responses to further prune initial list 

5. Subsequently review categories and subcategories 

6. Develop concepts based on revised categories 

 

As this indicates, this is an iterative process, in which the data will gathered, analyzed, and 

subsequently more questions presented.  By continuing through this loop several times, the 

data was distilled into more meaningful categories and concepts.   

 

After the data was organized, selective coding was applied to determine which codes were the 

most critical (focused codes), and key concepts were in turn drawn from the coded data. 

(Lichtman, 2013).  For this process, the constant-comparative method, as described by Corbin 

and Strauss (1990) was utilized.  This method breaks the coding into three distinct processes: 

Open coding, Axial coding, and Selective coding. 

 

As part of Open coding, raw data is examined to identify names and categories (Lichtman, 

2013).  The data needs to be broken down analytically through an interpretive process.  Items 

within the data are compared to others, identifying similarities and differences, and given 

conceptual labels.  These labels are then used as the basis for making the next observations, 
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namely identifying subcategories that relate to the initial conceptual labels (Corbin & Strauss, 

1990).   

 

During Axial coding, these subcategories are related to the parent categories, and the 

relationships are tested against the larger data set.  In this stage, the researcher often draws on 

previous experience to help interpret the situations that may apply to this category (Corbin & 

Strauss, 1990). 

 

In the final stage, the most important codes are identified and used to create a hierarchy 

(Lichtman, 2013).  This hierarchy centers around a single, ‘core’ category, which represents 

the central phenomenon of the study (Corbin & Strauss, 1990).   

 

This approach has been adapted and simplified by Connolly (2003), resulting in three more 

descriptive phases: generative, interpretive, and theorizing.   

 

As part of the early coding stages, computerized sentiment analysis was applied to aid in the 

determination of suitable coding tags.  Microsoft PowerBI was utilized with the raw, 

transcribed text, and through the use of WordCloud frequency identifier and an R based 

sentiment extraction algorithm, common words and ideas emerged.  These findings only 

served as a starting point, as several rounds of manual review and reading then refined the 

initial codes and subsequent initial list of codes.   

 

WordClouds, sometimes called Tag Clouds or Weighted Lists, are not a new technology, 

having originated in the 1990’s.  While there appears to be several early appearances, the most 

notable reference was in Douglas Coupland’s 1995 novel Microserfs.  By 2004, tag clouds 

were incorporated into the social media website Flickr, and shortly thereafter appeared on 

other sites such as Del.icio.us and Technorati.  Overuse of the cloud method within social 

media led to its quick decline (Cottingham, 2008).  Many felt it was simply a quickly passing 

fad with little to no real value.  Figure 5 shows a sample Word Cloud. 

 

 
Figure 5. Sample Word Cloud image showing color and size weighting assigned to frequency and significance.   

www.wordclouds.com (2019) 

 

http://www.wordclouds.com/
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As data mining has become more prevalent, Tag Clouds have again made a resurgence.  A 

text file is fed into a Tag Cloud system and variable such as frequency and significance of 

each word is analyzed.  The unique words are then placed into a geometric shape, which their 

size representing a particular value.  The process typically eliminates common low-value 

words such as prepositions.   

 

While WordClouds are certainly not an exact science, it gives a very visual representation of 

the raw data.  The underlying source Weighted List can often help determine key codes, to be 

used to extrapolate categories and concepts.   

 

By leveraging this Weighted List, some basic codes were identified.  Following Lichtman’s 

process (2013), these codes were further refined through subsequent passes through the 

transcribed interviews.  These codes were then further distilled into a list of initial categories.  

Finally, the key concepts emerged (see Empirical Finding (section 4) for detailed lists).   

 

3.6 Method of Data Collection 
 

Eight participants were selected and interviewed between March 23rd and April 16th. The 

interviews were recorded and transcribed, and the resulting texts were analysed.   

 

Demographic: 

All the participants were employed by companies operating within the conventional oil and 

gas industry in Canada.   

 

All the participants were based in, or travelled regularly to, the field. This means they conduct 

their work at remote locations throughout Canada, but are not primarily based in an office 

setting.   

 

All of the participants were in Health and Safety or Operations based positions.    

 

The length of service within the industry ranged from 7 to 23 years, with the average length 

of service being 12.625 years. 

 

Questions: 

A semi-structured approach was applied to the interviews.  There was an initial base set of 

questions, but as the interviews progressed, additional questions were introduced and the 

wording on some questions was altered for clarity.   

 

Question 3, “To what extent do you currently use wearable technologies in any aspect of your 

life?” often required clarification.  In most cases, the initial reaction indicated that wearable 

technologies were not used.  While the researcher did not want to lead the interviewee, or 

skew any results, it was discovered that suggesting examples of certain wearable technologies 

often prompted a more complete answer.   

 

Question 5 was updated for clarification, to “Can you describe how these wearable 

technologies are used within your organization in potentially dangerous environments?”.  The 

initial wording did not make it clear that the question pertained to the participants current 

organization. 
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Question 7 was consistently answered appropriately, but it was discovered that a second 

question specific to the perception of safety was required.  As such, a question 7b was 

introduced, reading: “How would you say, if at all, the use of these technologies affects your 

views on safety in the workplace?” 

 

Question 11 was found to be too vague, and therefore was updated to be more precise.  The 

updated question became: “In your opinion, how would you say augmented reality could be 

leveraged within your workplace?” 

 

Finally, a generic question was added to the end of the interview, soliciting any other thoughts 

or opinions on the subject.   

 

Results: 

Word analysis revealed a total of 436 unique words were used, each one between one and 

forty two instances.   

 

3.7 Reliability, Validity 

 

The reliability of the research refers to the ability to reach the same answers, using the same 

instruments, on multiple attempts.  In essence, the repeatability of the findings.  The nature of 

qualitative research makes this incredibly difficult.  Many factors come into play, affecting 

the findings.  For instance, the size of the pool of interviewees, the current economic and 

industry environment, the time frame allocated to interviews, are all examples of factors.  By 

far the largest outside influence are the researchers themselves.  “Reliability is a concern every 

time a single observer is the source of data, because we have no certain guard against the 

impact of that observer’s subjectivity” (Babbie, 2010, p.158) 

 

The threat to reliability is mitigated through the selection of an appropriate research 

methodology.  Conducting semi-structured interviews within a qualitative research study 

implies a certain level of this subjectivity.  In fact, the process requires it.  There is still pressure 

on the researcher to maintain a neutral influence on the results, especially safeguarding against 

any direction or pressure to alter answers.   

 

The validity of the study has to do with the extent at which requirements of scientific research 

method have been followed throughout the study (Oliver, 2000).  There are different forms of 

validity, the main ones include: content validity, criterion-related validity, construct validity, 

internal validity, external validity, concurrent validity and face validity (Cohen, et al., 2007). 

 

In this study, appropriate methodologies were selected and followed, as outlined by this 

section (Walsham, 1995, Lichtman, 2013).  A semi-structured interview process with a 

qualitative framework was utilized.  Every effort was made by the researcher to remain neutral, 

and any deviations from this are clearly outlined as part of the empirical findings in section 4.  

The convenience-based interviewee selection process, participant pool size, and interview 

length were all designed to be appropriate for the type of research being conducted.   

 

After the completion of the interviews, the research was reviewed to ensure the appropriate 

research method was consistently applied.  This was able to satisfy the validity requirement.   
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3.8 Ethical Considerations 
 

The privacy and confidentiality of each participant is ensured.  Data was used for the purposes 

of this study only.   Participation was voluntary, and any individual was able withdraw at any 

time.  The findings are presented as a cleaned data set, devoid of any direct connections to 

individuals or the organizations they work for. As outlined by Creswell and Poth (2017), it is 

crucial that the anonymity of participants is maintained in any qualitative research.  As 

participants may not wish to give other participants a competitive advantage within the 

industry, findings were only presented as a whole at the end of the study and do not mention 

brand names of any systems used.   

 

Every effort was made for complete transparency insofar as the objectives of the study, 

avoiding any implication of willful misleading or deceit of participants or of the data gathered 

and findings (Creswell & Poth, 2017).   

 

All ethical considerations were discussed with each interviewee.  An informed consent form 

was provided, reviewed and signed by both interviewee and researcher.  A copy of the 

informed consent form is included in the Appendices (Appendix A). 

 

Philosophically, this study employed virtue ethics, in that the focus was entirely only the health 

and safety of the actor. 
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4 Empirical Findings 

 

4.1 Making Meaning of the Data 
 

Marilyn Lichtman suggests interpretation of data through two main devices, theme 

identification or the telling of stories (2013).  This study will identify the themes and analysis 

the resulting concepts. 

 

4.1.1 Theme Identification 
 

This study applied Lichtman’s approach to theme identification by applying the six steps to 

coding, categorizing, and concepts (2013).   

 

Step 1. Initial coding 

After reading and re-reading the transcribed interviews, several components of the text was 

coded based on content (see Appendix C).  The preliminary list was quite varied, consisting 

mainly of quick jottings (Saldana, 2009).  This preliminary list was refined into an initial list.  

Most of the codes are closely related to the topic, but some express more emotion to the 

situation.  Both of these are quite legitimate for the purposes of the analysis (Lichtman 2013) 

 

Step 2. Revisiting initial coding 

After further re-reading and consideration, the initial list was refined and condensed into the 

Initial Codes.  While these reflect a very early, subjective interpretation of the data, formed 

the foundation of the analysis. 

 

Step 3. Initial listing of categories 

The initial codes can be filtered and grouped.  This can be done in any number of ways, but 

in this study, logical groupings emerged based on the content.  Most of these groupings relate 

to the phase of work, but some relate to the understanding of the technology and its future.   

 

Step 4. Modifying the initial list 

As more consideration was given to the initial list some redundancy became evident, as did 

the ability to further clarify certain codes.  These updated codes better align with the goal of 

identification of categories.  

 

Step 5. Revisiting categories 

In the same manner that codes were refined in step 4, the categories were also refined in step 

5.  No categories were removed as there did not appear to be any obvious redundancy, 

however some were renamed to provide more clarity. 

 

Step 6. Categories to concepts 

As outlined in the previous steps, the data within the groupings lent themselves to a natural, 

hierarchical category/sub-category alignment.  This hierarchy is visually represented in 

Appendix D.   

 

This organization of categories and sub-categories allows concepts to emerge.   

 

 

4.1.2 Key concepts   
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An initial concept that became evident was that workers have limited personal experience with 

wearable technology outside of the workplace.  

 

Respondents consistently stated that they had little to no experience with wearable 

technologies in their personal lives.  Essentially every response was some variation of “I don’t 

really wear those types of devices” or “I don’t utilize that type of technology.”  While they all 

claimed to understand what wearable technologies included, there was an obvious 

misconception, as in the case of the first two interviewees, they were wearing a Fitbit and 

AppleWatch, respectively.  This resulted in the interview taking a slightly more pressured 

approach, providing some direction in the form of examples of wearable technologies (in the 

cases of the first two respondents, pointing out that they were in fact wearing these types of 

technologies at the moment).   

 

Interviewees stated they rely on policy and procedure to determine what technology they use 

and how they use it. 

 

This was a particularly evident trend throughout all the interviews.  Responses such as “Our 

policy is to wear this gear whenever we are in a dangerous situation”, or “I wear my usual 

Personal Protective Equipment but don't really use specific wearable technologies otherwise” 

were recorded from every interviewee.  In all cases the policy/procedure was referenced, or 

the worker included wearable technologies as part of their personal protective equipment 

(which is also mandated by policy).   

 

Workers and the organization both have expectations that they will leverage technology to 

provide safe working conditions, however there is not clear connection that the use of 

technology actually achieves this. 

 

There were variations on this response, but the responses that best summarize them were: “I 

think it the organizations approach to safety that impacts the use of wearable technology.  The 

company, and in fact the entire industry, takes safety incredibly seriously – more so than any 

other industry I've ever seen” and “My company has an expectation of a safety culture, and as 

such we are expected to wear the appropriate gear”.   

 

There are varied opinions on the outlook of wearable technology within the workplace.  Some 

feel this is a technological fad, however, most feel technology such as wearables represent the 

future.  There does not seem to be a strong sense of that this future will entail, in fact, there is 

a clear sense of apathy amongst the workforce when it comes to driving technology use.   

 

The overall sentiment aligned with the statement “I think technology like artificial intelligence 

is the future of the industry”.  With the exception of a single respondent, the outlook was quite 

positive on leveraging any type of technology within the workplace.  Notably these were 

general comments, and not necessarily linked to the health and safety of the worker.   

 

Insofar as how this technology will be implemented, or even what sorts of technology will 

drive the organization in the future, the responses became far more apathetic.  They range 

from “I guess it could probably be used by the head office to improve safety in the field”  to 

“I don't know… that's an interesting question…  I suspect there are all sorts of applications, 

but those are for smarter guys than me to figure out”.   

 

Overall the key concepts could be distilled to sentiments on the experience/exposure to the 

technology, the policies & procedures existing around the policies (specifically as motivators 

to their use), safety expectations (of the technology, as well as the roles of the individual and 
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the organization), and finally the outlook on the future of the technology (especially its 

development and deployment within the industry) 
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5 Discussion 

 

The analysis of the data revealed several very interesting findings.  

 

Experience/Exposure 

The research confirmed that worker do indeed use wearable technologies that help identify 

dangerous locations and situations.  

 

Interviewees felt they understood what wearable technologies were, and how they were used.  

When asked how they use these technologies within their personal lives, they tended to 

stumble, and default to a stance that they in fact did not use them.  After being given some 

examples of personal use wearable technology devices, they tended to recall several scenarios 

which they did in fact use this type of technology in their personal lives.  The specific examples 

consistently aligned with the types of technologies outlined by Kurwa, Mohammed & Liu 

(2008) and Kortuem, Segall & Bauer (1998).   

 

While this approach was far more leading than what one would want in a semi-structured 

qualitative research scenario, it did serve as a catalyst for getting the interviews started, and 

more importantly, getting the interviewees talking more freely.  Since personal-use wearable 

technology devices (Profita, 2011) were not the primary focus of this study, this amount of 

direction in the interview was deemed acceptable. 

 

It is interesting to note that virtually all personal-use wearable technology devices related 

directly to health (often fitness), as described by Bonato (2010).  A summary of the types of 

devices, apps and purpose of use-cases is shown in Figure 6.  Similar to the research conducted 

by Fernandez (2014), the common use cases included both devices and mobile phone 

applications for data collection and analysis.  Interviewees did not identify any non-health 

related apps or devices, with the exception of one respondent who asked if virtual reality 

gaming would ‘count’ as wearable technology.  While this type of technology does fall in line 

with the research conducted by Izkara, Perez, Basogain & Borro (2018), its application does 

not fall within the parameters of this study.   

 

Device/App Name Purpose 

Device Fitbit Pedometric data collection 

App AppleHealth/Samsung 

Health 

Pedometric data collection 

App Heartrate Plus Heartrate monitoring 

App (and optional device) Nike+ GPS tracking of movement 

(walking/running/bicycling).  

Optional device embeds in 

shoe and acts as pedometer 

for treadmill activity 

Device ChestBand Heart rate monitoring during 

activity period 
Figure 6. Summary of types of uses for wearable technology as described by interviewees.   
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Given the wide range of wearable technology available today, it was surprising that no other 

examples were brought forth.  Perhaps the small pool of interviewees coincidentally are not 

early adopters of wearable technology, or perhaps the interview questions were not clear 

enough, despite the additional examples provided.   

 

Policy & Procedure 

All interviewees made reference to the fact that utilizing safety related wearable technology 

was part of their policy and/or procedure.  Most referenced its use in conjunction with wearing 

personal protective equipment while on the job.   

 

The overall sense from the responses was that the primary motivation for the use of wearable 

technology devices was simply a sense of duty, or a desire to maintain compliance with 

company policies and procedures.  At no time did any interviewee mention that they were 

motivated to wear said devices because it impacted their safety (real or perceived).   

 

An abundance of research exists that indicate the use of personal protective equipment and 

wearable technologies does in fact create an improved (more safe) environment (Albert, et al., 

2013, Albert, et al., 2016, Carter & Smith, 2006, and Haslam, et al., 2005).  It would be 

interesting to further explore the mentality of workers.  In terms of the research questions 

within this study, one of the aims was to explore the extent to which wearable technology 

impacts worker’s perception of dangerous situations.  It is highly likely that the process-driven 

mandated use of wearable technology is in fact instilling a false sense of security within the 

workforce.   

 

Safety Expectations 

The research revealed that the use of wearable technology does impact the perception of safety 

within a dangerous situation, but only a minimal amount.   

 

The interviewees all appeared to have an expectation of the organization to provide a safe 

working environment, and typically accepted the mandated use of wearable technology as one 

of the methods in which the organization could demonstrate their commitment.   

 

Interestingly, there was a varied opinion about how effective the use of wearable technologies 

actually is.  As suggested by Albert et al. (2016), there was no clear connection that its use in 

fact provides a safer working condition. 

 

Outlook 

Perhaps the most interesting findings come from the questions related to the outlook for 

wearable technologies.  There are varied opinions throughout the pool of interviewees on how 

wearable technologies capabilities can be improved in regard to safety-related situational 

awareness.  One interviewee felt it was a complete fad that would eventually die down.  Most 

felt wearable technology, like all technology, is here to stay and will be the future.  That is not 

to say the technology in its current form is the final answer, rather, the devices, apps, and usage 

will evolve through demand and necessity.   
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All the users felt the technology could be better designed, and better implemented. Areas 

identified as needing improvement included: having to remember to wear the device, turn the 

device on, and interpret whether or not the alarm condition was a legitimate alarm.  There 

were also complaints about the size and operability (‘clunkiness’ factor) of devices, which 

directly supports the work of Kurwa, Mohammed & Liu (2008), Kortuem, Segall & Bauer 

(1998) and Profita (2011). 

 

Although the respondents did not necessarily articulate it clearly, there seemed to be a desire 

to see increased use of artificial intelligence and augmented reality within the industry.  This 

could perhaps follow the technology suggested by Izkara, Perez, Basogain, & Borro (2018), 

especially considering the resources available to the industry (as described by Shoja & Jalali 

(2017)).   There were no clear visions as to what this might look like.  In fact, there was again 

a presence of a strong sense of apathy.  Users seemed rather indifferent to the future outlook 

of wearable technologies within their work environment. 
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6 Conclusion 

 

6.1 Conclusions 

 

Many industries operate within hazardous environments, posing a multitude of personal health 

and safety threats to workers.  In most cases, some sort of technology is utilized to help protect 

the workforce.  As technology advances, the nature of the defenses is evolving, allowing for 

identification and prediction of hazards, which in turn raises the situational awareness of the 

workers.    

 

This study has explored various wearable technologies, specifically looking at how these are, 

and can, be used within the hazardous work environment in the Canadian onshore 

conventional oil and gas industry.   

 

More specifically, the aim was to answer three research questions: 

 

• How do workers utilize wearable technology to identify dangerous locations and 

situations? 

 

• How do workers perceive the use of wearable technology in regard to keeping safe 

while in dangerous situations? 

 

• How do workers feel that wearable technology capabilities can be improved in regard 

to safety-related situational awareness? 

 

Through a series of semi-structured interviews, data was collected to show how workers 

currently utilize the technology to identify dangerous situations.  The data also showed how 

their perception of danger is altered while using these technologies.  Finally, the interviews 

attempted to understand how the workers felt technology such as augmented reality could be 

utilized to improve safety-related situational awareness.   

 

The analysis of the data reveals many interesting findings.   

 

How workers utilize wearable technology to identify dangerous locations and situations varies 

greatly from organization to organization, but also between individual workers within any 

organization.  Although the use of wearable technology within the workplace has been 

demonstrated to improve safety, the primary motivator for its use is the fact that organization 

mandate their staff to compliance through policies and standard operating processes.   

 

The impact on the perception of safety-related situational awareness while utilizing wearable 

technology also varies a great deal.  Both the worker and the organization seem to understand 

that there is an expectation of safety within the work environment, and that using this type of 

technology help satisfy a requirement. However, there does not appear to be a strong 

correlation between the use of the technology and an actual, realized improvement in safety.  
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Many workers simply don the wearable technology because its mandated by management, 

giving little to no thought about its impact on the situation or decisions made. 

 

Most interestingly, there appears to be a persistent apathy amongst all interviewees throughout 

all the findings.  Despite the fact that personal safety should be of utmost importance to any 

worker, they appear to be so unmotivated to actually utilize the technology available to them 

that it must be made mandatory through policy.  Although the technology is proven to work 

and has minimal impact on the worker while conducting their activities, they feel the devices 

to too awkward and cumbersome and would prefer something more integrated.  Further, 

despite the fact that they do utilize wearable technologies in their personal lives, and that they 

have keen interests in technological advancements as a whole, they seem very indifferent to 

the outlook of the technology.  The general consensus is that ‘someone else’ will decide what 

is needed and how it will be implemented.   

 

Within this environment, it becomes very difficult for workers to consider how wearable 

technology capabilities can be improved in regard to safety-related situational awareness.   

 

6.2 Contribution of Study 

 

This study has contributed to the understanding of the current use of wearable technology 

within the Canadian conventional onshore oil and gas industry.  It has also identified several 

trends impacting the perception of health and safety within a hazardous environment when 

using wearable technology. While the study did identify some workers’ feeling in regard to 

potential improvements in the use of wearable technology capabilities to improve safety-

related situational awareness, it also exposed a gap in knowledge within this space.  

 

6.3 Future Research 

 

These findings have identified several topics that would make interesting future research.  

Most interesting to this researcher would be an exploration of the apathy found within the 

health and safety aspects of working in a hazardous environment.  It is fascinating that users 

of the technology do not appear to understand the levity of the situation they are working in.  

There seems to be an overabundance in trust that the ‘process’ will protect the individual, and 

even a misunderstanding of the degree of protection being offered.   

 

Another interesting line to pursue would be continuation of the final research question.  An 

exploration of possible avenues of use for advanced technologies such as augmented reality.  

Wearable technologies will only continue to explode in adoption and usage.  Currently, the 

technology is in its infancy.  There is virtually a limitless amount of potential still to be 

identified and explored.   
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8 Appendices 

 

Appendix A: Informed Consent to Participate 
 

Informed Consent  

 

Title of Research: Danger prediction by modern technology: The role of 

wearable technology in improving workers’ situational awareness in 

hazardous industries. 

 

Researcher: Simon Larsson, Master Programme in Information Systems 

Linnaeus University, Sweden ll223hi@student.lnu.se. 

 

Date of Research: March - May 2019 

 

Purpose of Research 

 

The aim of this research is to fully understand the current use of wearable technology 

within the conventional, on-shore Canadian Oil and Gas industry.  This will examine 

what technology is currently used and how it is implemented.  It will also explore how 

technology impacts situational awareness in a hazardous work environment and attempt 

to ascertain how other technologies may be leveraged to improve safety within these 

environments.   

 

Participant Involvement 

 

The participant will take part in an interview conducted by the researcher.  The interview 

will begin within a brief explanation of the purpose, followed by a series of semi-

structured questions.  The interview is intended to be a conversation, exploring the ideas 

and experiences of the participant. The researcher will record the interview for future 

review and analysis. 

 

Possible Benefits 

 

The researcher will gain a critically important understanding of the industry and the 

technology currently deployed.  This data can be utilized to help companies and industry 

further leverage technology to create a safer workplace. 

 

Possible Risks  

 

There should be no risks of any kind to you as a result of your participation in this 

research. 

 

Confidentiality and Anonymity 

 

The privacy and confidentiality of each participant is ensured, and names of participants 

will never be used.  Data will be used for the purposes of this study only. The findings 

are presented as a cleaned data set, devoid of any direct connections to individuals or 

the organizations.   

 

 

mailto:ll223hi@student.lnu.se
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Voluntary participation and withdrawal from the research 

 

Participation in the research is voluntary. The participant may refuse to answer any 

specific question, or portion of question, at any time.  Participant may withdraw from 

the interview at any time or for any reason. The interview transcriptions will be sent to 

the participant for review and comments after the interview is complete.  In case of 

withdrawal, all data collected from that participant (written and recorded) will be 

destroyed immediately. 

 

Questions 

 

Please take your time in reviewing this informed consent form, and ensure you 

understand it fully. Do not hesitate to contact me if you have any questions concerns 

about your participation in this research. Any comments or questions can be directed to 

the researcher at ll223hi@student.lnu.se. 

 

Consent 

 

My signature below indicates my consent to participate in this study.  I have read and 

understood the form above. As part of this consent I also agree to be audio-recorded 

during the interview. Signing this informed consent form does not imply I am giving up 

my legal rights.  

 

 

 

_____________________________  _____________________________ 

Signature of participant   Date 

 

 

 

_____________________________ _____________________________ 

Signature of researcher  Date  
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Appendix B: Interview Question Template 
 

Preamble: 

 

This study is being undertaken as part of a master’s thesis in informatics at the Linnaeus 

University.  The study deals with the use of wearable technology in (potentially) 

dangerous environment(s) within the Canadian onshore oil and gas industry. I would 

like to understand your views and opinions, as a member of this industry, on this subject.   

This interview is being recorded to allow for later review and proper analysis, however, 

be assured that this interview will remain confidential.  Any information brought forth 

will only be used to create an analysis of the industry trends.  All information will remain 

anonymous, with no identifying information being associated with the data.  

 

Company Identifier (not published, only used by researcher for identification purposes): 

 

Individual Identifier (not published, only used by researcher for identification purposes): 

 

Questions: 

 

Background/Demographic: 

 

1. How long have you worked in the industry?  

 

2. Can you describe your role in the industry? [confirm applicability] 

 

Behavior/Experience: 

 

3. To what extent do you currently use wearable technologies in any aspect of 

your life? [confirm understanding of what constitutes wearable technologies] 

 

[This question often required follow up clarification] 

 

4. To what extent do you currently use wearable technologies in your work 

function? [establish baseline of wearable tech used] 

 

5. Can you describe how these wearable technologies are used in potentially 

dangerous environments?  

[This question was updated to read: Can you describe how these wearable 

technologies are used within your organization in potentially dangerous 

environments? 

 

6. Can you walk me through a typical situation where you would use wearable 

technologies in this sort of environment? [identify how technology is integrated 

into workplace] 
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Opinion/Belief: 

 

7. How would you say the use of these technologies impacts you work? [establish 

impact on perception within work environment] 

 

[Follow up question added: How would you say, if at all, the use of these 

technologies affects your views on safety in the workplace?] 

 

8. In what ways does the use of wearable technologies impact your organizations 

approach to safety? 

 

9. What, if anything, would you change about wearable technologies in the 

workplace? 

 

10. What, if anything, is your experience with augmented reality? 

 

11. How could augmented reality be leveraged within your workplace? 

 

[Question updated to read: In your opinion, how would you say augmented 

reality could be leveraged within your workplace?] 

 

12. Is there anything you would to add about the subject of wearable technologies 

within your workplace? 
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Appendix C: Coding, Categorizing, and Concepts 
 

Initial coding 

 

Preliminary Codes/Jottings 

• Following procedure 

• Sense of duty 

• Prework meeting/setting expectations 

• Part of ppe 

• Working alone 

• Integration of equipment 

• Easier to use 

• Seamless use 

• Remembering to use technology 

• Expectation of safety 

• Company expects staff to behave safely 

• Staff expects company to provide safe environment 

• Lack of exposure to technology 

• Limited use at home 

• Appetite for more tech 

• Understanding technology is the future 

• Personal use primarily health related, expectation 

this is all that’s available? 

• Understanding the place of tech 

• Buzzwords? Fad? 

• Not sure how this fits with the company direction 

• Apathy?  Someone else will figure it out 
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Revisiting initial coding 

 

Initial Codes 

• Following procedure 

• Sense of duty 

• Setting expectations 

• Personal Protective Equipment 

• Working alone 

• Integration 

• Ease of use 

• Seamless use 

• Remembering to use devices 

• Expectation of safety 

• Company expections on staff 

• Staff expections of company 

• Safe work enviornment 

• Lack of exposure to technology 

• Limited use of technology at home 

• Appetite for more technology 

• Understanding technology is the future 

• Personal use primarily health related 

• Understanding the place of technology 

• Technoloy fad 

• Role of technology 

• Apathy 

 

Initial listing of categories 

 

Initial Categories (subcategories omitted) 

• Following procedure 

• Working alone 

• Integration 

• Expectation of safety 

• Lack of exposure to technology 

• Role of technology 

 

 

  



 

 

 

  50 
 

Appendix D: Hierarchy of categories and sub-categories 
 

 


