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Abstract
The immature advanced digitalization in the oil and gas industry can limit access to the
potential value of mature progressive digitalization. Oil and gas leaders must expedite the
implementation of advanced digitalization to increase organizational proficiencies and
reduce costs and losses. Grounded in Pettigrew and Whipp’s dimensions of strategic
change theory, the purpose of this qualitative multiple case study was to explore
strategies some leaders in the oil and gas industry used to implement advanced
digitalization. The participants were seven leaders in two oil service companies in North
America involved in the successful implementation of progressive digitalization. Data
were collected using semistructured interviews and public documents from participating
companies and analyzed using Groenewald’s thematic analysis. Six themes emerged:
advanced digitalization strategies, environmental assessment, resources, linking strategic
and operational changes, leading change, and overall coherence. A key recommendation
for oil and gas leaders is to adopt a dynamic strategy accounting for all involved
stakeholders and aligned with the fast-changing environment in advanced digitalization.
The implications for positive social change include the potential increase of advanced
digitalization use in the oil and gas industry, possibly resulting in more job opportunities,

reducing job stress, and improving the local economy and level of prosperity.
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Section 1: Foundation of the Study
With the fourth industrial revolution, advanced digitalization has progressed
substantially (Dalenogare et al., 2018; Deif & Vivek, 2022; Lu et al., 2019a; Lu et al.,
2019b). Though the importance of advanced digitalization is evident in business
environments of the second decade of the 21st century, some sectors have had less
progress than others. The oil and gas industry is on the list of sectors with low
momentum in advanced digitalization (Lu et al., 2019a). The aim of this study was to
explore ways to improve the onboarding of advanced digitalization in the oil and gas
industry, learning from the thriving industries and companies in Industry 4.0.
Background of the Problem
Oil prices declined from over $100 per barrel in 2014 to half in 2015 (Baumeister
& Kilian, 2016; Baumeister et al., 2018; Stocker et al., 2018), and oil prices remained
low, at around $30 per barrel, in 2020. The macroeconomic variables and supply and
demand in the integrated global oil market have had negative effects on oil prices
(Herrera et al., 2019). For example, the stock markets and the financial performance of
European oil and gas firms have deteriorated because of the low prices of oil (Bagirov &
Mateus, 2019). For any sudden increase in the activities in the oil and gas industry, more
workforce, financial, and technological capabilities such as robotics and advanced
digitalization are needed (Chen et al., 2014). Applying new technology to drilling tools in
the oil industry is common (Ma et al., 2015). Nevertheless, modern technology and
advanced digitalization are neither synonymous nor mutually exclusive. There has been

some progress in developing reliable advanced digitalization systems enabling remote



operations on an unmanned oil and gas facility (Anisi & Skourup, 2012).

Industries like aviation, manufacturing, and healthcare have had more progress in
advanced digitalization compared to the oil and gas industry. As an example in aviation,
human—robot collaboration through the application of a hand-guided collaborative robot
in the final stages of aircraft assembly is a relief for the workers from high mental and
physical labor (Meibner et al., 2018). In the medical industry, the human—robot
interfacing technology in health care has increased, providing a powerful tool for
patients’ rehabilitation, assistive, and independent living (Pang et al., 2018). This study
may be used as a reference for the oil and gas industry leaders in exploring ways to
improve the onboarding of advanced digitalization.

Problem Statement

The oil and gas industry is in the Oil and Gas 4.0 era, inspired by the Industry 4.0
concept, resulting in the promotion of advanced digitalization, including but not limited
to social, mobile, analytics, and cloud, to achieve higher value (Lu et al., 2019a; Toma &
Popa, 2018). But the advanced digitalization process in the oil and gas industry has been
slow, at only 4.68 out of 10, classifying the industry under the developing group on
advanced digitalization maturity (Lu et al., 2019a). The general business problem is the
immature advanced digitalization in the oil and gas industry, limiting accessibility to the
potential value of mature advanced digitalization. The specific business problem is that
some leaders in the oil and gas industry lack successful strategies to implement advanced

digitalization.



Purpose Statement

The purpose of this qualitative multiple case study was to explore successful
strategies some leaders in the oil and gas industry used to implement advanced
digitalization. The target population was a minimum of four leaders in at least two
companies, preferably one oil service company and one oil company in North America,
who successfully created and utilized advanced digitalization in the oil and gas industry.
This study may lead to a positive social change by encouraging advanced digitalization in
the oil and gas industry, resulting in the creation of more job opportunities for the local
workers and companies, reducing job stress, and improving the domestic economy and
level of prosperity.

Nature of the Study

The selected research method for this study was qualitative. The qualitative
method is suitable for a broad context of a business problem, analyzing the data from
direct fieldwork observations for exploring contemporary, real-life situations to
understand a phenomenon through in-depth, open-ended interviews and written
documents (Antwi & Hamza, 2015; Runfola et al., 2017). The focus of this study was on
exploring successful strategies some leaders in the oil and gas industry could use to
implement advanced digitalization. Therefore, the qualitative method was applicable. The
quantitative method was unsuitable because it is used for defining the relationship
between selected variables by analyzing numerical data utilizing statistical techniques
and testing hypotheses focusing on closed-ended questions (Cronin, 2014; Marshall &

Rossman, 2016; Watson, 2015). The mixed-method approach is a combination of
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qualitative and quantitative methods, producing an overall outcome with more extensive
information (Marshall & Rossman, 2016). The mixed-method approach was not an
option, as quantitative data could not help address the purpose of the study.

The multiple case study design is suitable for studying advanced digitalization in
the oil and gas industry as a contemporary phenomenon in more than one company. In a
case study, the researcher investigates a recent phenomenon in a real-life context with an
in-depth, descriptive, and exploratory analysis (Yin, 2018). In the multiple case study,
researchers explore details and perspectives concerning a specific situation replicated in
more than one case, offering more reliable outcomes (Yin, 2018). Phenomenology is the
description of human beings’ experience of a phenomenon while setting aside bias in the
process (Katsirikou & Lin, 2017), but advanced digitalization was the focus of the study
as opposed to the experience of individuals. The narrative design is the description of an
individual’s story from their own life experience (Marshall & Rossman, 2016). However,
advanced digitalization strategies had only been recently implemented in some
companies in the oil and gas industry. Finally, ethnography is the direct observation of
participants’ social interactions, behaviors, and perceptions in their groups, organizations,
and communities (Ingold, 2014; Mannay & Morgan, 2015). This research was about
successful strategies for advanced digitalization in the oil and gas industry instead of
people’s perceptions of advanced digitalization.

Research Question
One overarching research question guided the study: What successful advanced

digitalization strategies can leaders in the oil and gas industry use to implement



digitalization?
Interview Questions
1. What successful advanced digitalization strategies have you used?
2. Why do you consider your advanced digitalization strategies effective?
3. What barriers did you face while advanced digitalizing, and how did you
address them?
4. What is the percentage of advanced digitalization in your current job, and
what percentage do you think it should be in the next 5 years?
5. What resources are essential for advanced digitalization?
6. How do you ensure the commitment of users toward advanced digitalization?
7. What additional information would you like to add regarding the strategies
used for advanced digitalization?
Conceptual Framework
The conceptual framework is a lens to examine a phenomenon under study
(Korstjens & Moser, 2017). In 1993, Pettigrew and Whipp established the dimensions of
strategic change in their book called Managing Change for Competitive Success (Jelinek,
1993; Sweeney et al., 2019). The identified dimensions are (a) content, (b) process, and
(c) context for strategic change. Pettigrew and Whipp considered the content to be the
what, the process to be the how, and the context to be the where for the strategic change.
Pettigrew and Whipp also identified five interrelated factors for successful strategic
change management consisting of (a) environmental assessment, (b) resources, (¢)

linking strategic and operational changes, (d) leading change, and (e) overall coherence.



The concept of advanced digitalization is new to the oil and gas industry, calling
for a strategic change process. Transformation of the industry from the conventional
approach in drilling and completions toward an advanced digital approach may be
challenging, requiring the buy-in and engagement of the stakeholders. Pettigrew and
Whipp’s conceptual framework for strategic change was suitable for exploring successful
advanced digitalization strategies in the oil and gas industry. The dimensions resulted in
the accommodation of a thorough investigation of what, how, and where for advanced
digitalization in the industry. The interrelated factors for successful strategic change
management help implement change in the long term.

Operational Definitions

The following operational definitions provide additional clarity on the applied
terms in this doctoral study.

Advanced or progressive digitalization: The integration of digital technologies,
including social, mobile, analytics, and cloud, to transform the way of working (Lu et al.,
2019a). The words automation and robotics used in scholarly literature mainly had
similar definitions as the advanced or progressive digitalization used in this doctoral
study.

Industry 4.0: The digitalization era started in 2014 with digital business models,
environments, production systems, machines, operators, products, and services
interconnected in the digital scene and the related virtual representation (Alcacer & Cruz-
Machado, 2019).

Oil and Gas 4.0: The era in the oil and gas industry started in 2018 in response to



Industry 4.0, accelerating the advanced digital technology to achieve higher value in the
oil and gas industry (Lu et al., 2019a). The characteristics of Oil and Gas 4.0 are
digitalization, automation, modularization, and intelligenization (Lu et al., 2019a). The
key technologies of Oil and Gas 4.0 are big data, industrial internet of things (IloT),
digital twin, wireless communication technologies, augmented reality and wearable
devices, blockchain technology, and other technologies such as the autonomous robot, 3D
printing, cybersecurity, and system integration (Lu et al., 2019a).

Oil companies and oil service companies: The three major actors in the oil and
gas industry are: (a) the upstream petroleum companies called oil companies or operators,
(b) the petroleum supply companies named oil service companies, and (c) the public
sector organizations, regulating and supporting the industry (Thune et al., 2018).

Onshore and offshore: The two main categories of oil and gas facilities
considering the facility’s location are either on land called onshore or in water called
offshore (Shukla & Karki, 2016a). The oil and gas fields located underwater are offshore
fields divided into shallow-water areas or deep-water areas (Shukla & Karki, 2016b).

Assumptions, Limitations, and Delimitations
Assumptions

Assumptions are the statements accepted by the researcher as true in the study
without any evidence, proof, or verification (Fan, 2013; Yin, 2018). The researcher must
consider assumptions in developing the findings and inferences of the research (Grant,
2014). There were five primary assumptions for this study: (a) The selected companies

would authorize their employees to participate in the interviews, (b) the participants



would not have any motivation to influence the outcome of the research, (c) the
participants’ responses would be honest and reliable to the interview questions, (d) I
would understand and capture the participants’ responses effectively without any biases,
and (e) I would be capable of analyzing the obtained data and establishing the patterns
and themes contributing to a correct outcome.
Limitations

Limitations are potential weaknesses beyond the researcher’s control that could
restrict the research findings (Fan, 2013; Marshall & Rossman, 2016). The main
limitation was the recency of advanced digitalization in the oil and gas industry,
restricting the availability of related information and potential participants for the
interview process. One of the study limitations was the number of qualified companies
for participation that authorized their employees’ involvement. This limitation had a more
substantial effect on the oil companies’ potential participants, as they could not get
approval from their respective companies to attend the interviews due to data tightness.
The next limitation was the restriction in sharing data because of the confidentiality of
data in the oil and gas industry corporations. This limitation might have affected the
openness and reliability of the participants in the interviews. Another limitation in this
research was associated with me as a novice researcher handling the recent phenomenon
of advanced digitalization in the oil and gas industry. Additionally, my experience in the
mentioned industry might have introduced a biased overview regardless of how

conscious | remained about it.



Delimitations

Delimitations are the attributes regulating the scope and outlining the boundaries
of research (Fan, 2013; Yin, 2018). The study was delimited to advanced digitalization
leaders in the oil and gas industry with successful strategies in adopting digital solutions
in their respective organizations in both oil and oil service companies. Smaller participant
groups could be consistent with the focus of qualitative research (Etz & Arroyo, 2015). I
interviewed advanced digitalization leaders in oil service companies. But I had no
success interviewing anyone in oil companies regardless of the invitations the oil
companies’ potential participants received for the interview. Another delimitation of the
study was the geographical location of the research in North America, excluding other
geographic areas where advanced digitalization was being implemented.

Significance of the Study

In the second decade of the 21st century, the adoption of advanced digitalization
in different sectors such as in medical, aviation, and manufacturing industries is universal
(Alcacer & Cruz-Machado, 2019; Alexander et al., 2019; Pang et al., 2018). The
significance of this study could be in the potential benefits of advanced digitalization in
the oil and gas industry for improving the quality and the reliability of provided products
and services (Ibrahimov, 2018; Pang et al., 2018; Shukla & Karki, 2016a; Shukla &
Karki, 2016b). Oil prices have been significantly low since 2014 (Herrera et al., 2019).;
therefore, the reduction of profitability in the oil and gas industry has been inevitable. By
applying advanced digitalization, the cost of products and services provided to customers

may be lowered (Meibner et al., 2018). Lower costs may result in better profitability in
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the oil and gas industry. Therefore, the oil and gas industry leaders may benefit from
having strategies to integrate advanced digitalization in their offered products and
services for the customers.
Value to Business

The focus of my findings on the successful advanced digitalization strategies in
the oil and gas industry ended up being mainly on the upstream oil service companies'
perspective because of oil companies' lack of participation in the interviews. Even though
I could not interview anyone from oil companies, I asked the oil service companies’
participants to answer the interview questions from both the oil and oil service
companies' perspectives. Due to the tight collaboration between the oil companies and the
oil service companies in advanced digitalization, some valuable information could be
available for the oil companies leaders in the findings of this study. Overall, the findings
might be beneficial not only to oil service companies and oil companies but also to third-
party service providers, communities, and end-users. Successful advanced digitalization
strategies might effectively assist the oil and gas industry leaders in embarking on the
advanced digitalization journey. Unsuccessful advanced digitalization strategies might
result in irreversible outcomes, such as loss of resources and reputation.
Contribution to Business Practice

In this study, I identified some of the successful strategies the oil and gas industry
leaders used toward advanced digitalization. Implementing successful advanced
digitalization strategies could result in positive economic benefits while minimizing risk.

Additionally, this study might further gain the trust of the companies in the oil and gas
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industry in adopting advanced digitalization for their operations. The strategies to
improve service quality could enhance reliability and address cybersecurity
vulnerabilities by providing adequate preventative measures.
Implications for Social Change

This study could result in more reliable practices in performing advanced
digitalization operations in the oil and gas industry. The findings in this study could
transform the oil and gas industry, resulting in more job opportunities for residents of the
communities. The implications for social change could include local financial stability
through strengthened business activities, resulting in improved human or social
conditions by promoting the worth, dignity, and development of the individuals in the
community. This study could lead to improved local lifestyles and the well-being of local
communities, stimulating economic prosperity.

A Review of the Professional and Academic Literature

The purpose of a literature review was to provide an overview of the
contemporary literature related to the research topic (Baker, 2016). In this section of my
qualitative multiple case study, I explored and analyzed the body of literature for
successful strategies that some oil and gas industry leaders had used to implement
advanced digitalization. To get a comprehensive view of the successful strategies leaders
used for advanced digitalization, I broadened my search to multiple industries before
focusing on the oil and gas industry leaders. My multiple-industry approach allowed me
to outline the successful strategies used by leaders in different sectors.

The conceptual framework I had defined for my study was Pettigrew and Whipp’s
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theory on dimensions of strategic change. Therefore, I started my literature review by
discussing and analyzing the dimensions of the strategic change theory. The rest of my
literature review focused on the dimensions of the strategic change theory related to the
advanced digitalization in the oil and gas industry and a few other sectors. Analyzing and
synthesizing the peer-reviewed scholarly literature on advanced digitalization in different
industries, [ gained an overview of the successful strategies some leaders in various
sectors used. Finding peer-reviewed scholarly literature on the successful strategies used
by leaders in the oil and gas industry for advanced digitalization was a challenge.
Nevertheless, this literature review is a reliable reference for my doctoral study data
analysis.

For this literature review, I searched the peer-reviewed articles through the
following databases and search engines: ABI/INFORM, ScienceDirect, Business Source
Complete, Sage Premier, ProQuest, and Google Scholar. The keywords used to search the
databases included digitalization, advanced digitalization, technology, automation,
robotics, and innovation, combined with the oil and gas industry, Industry 4.0, Oil and
Gas 4.0, energy industry, and energy sector. To identify the peer-reviewed scholarly
literature for advanced digitalization in different sectors, I used the exact keywords for
searching the databases without identifying the industry. I did not narrow down the
search by combining strategy and leaders for the articles I searched in the oil and gas
industry. Given the scarcity of literature on the topic, I aimed to extract as much literature
as possible with different focuses on the advanced digitalization in the oil and gas

industry.
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The main sections of my literature review are (a) strategic change theory; (b)
environmental assessment including regulatory, economic, and industrial; (c¢) required
resources including structure, process, and people; (d) linking strategic and operational
changes; (e) leading advanced digitalization change; and (f) overall coherence of
advanced digitalization. This literature review comprised 105 articles and books, of
which 87.6% (92) were peer-reviewed. The articles and books included in this literature
review were 85.7% (90) published within the last 5 years of this study (from 2018 to
2022). To review the background and foundation of advanced digitalization, I included
articles published before 2018. Moreover, some of the conceptual theory resources were
published before 2018. The detailed alignment to the Walden DBA Rubric for articles’
recency and peer-review are in Table 1 and 2, respectively.

Table 1

Classification Matrix: Alignment to the Walden DBA Rubric for Recency of Articles

Sections >Syears  <Syears Total
Strategic Change Theory 6 5 11
Environmental Assessment

(Regulatory, Economic, Industrial) 5 35 40
Required Resources

(Structure, Process, People) 3 20 23
Linking Strategic and Operational Changes 1 13 14
Leading Advanced Digitalization Change 0 10 10
Overall Coherence of Advanced Digitalization 0 7 7
Total 15 90 105

Percentage 14.3% 85.7% 100%
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Table 2

Classification Matrix: Alignment to Walden DBA Rubric for Peer-Reviewed Articles

. Not Peer- Peer-
Sections Reviewed Reviewed Total
Strategic Change Theory 2 9 11
Environmental Assessment
(Regulatory, Economic, Industrial) 3 37 40

Required Resources

(Structure, Process, People) 3 20 23
Linking Strategic and Operational Changes 1 13 14
Leading Advanced Digitalization Change 1 9 10
Overall Coherence of Advanced Digitalization 3 4 7
Total 13 92 105
Percentage 12.4% 87.6% 100%

Strategic Change Theory

The suitable conceptual theory for this study was a theory related to adopting a
strategic change in an industry. Performing strategic changes is inevitable for companies
to reduce the risk of getting left behind (Aberg & Torchia, 2019). The three different
perspectives in studying strategic changes are (a) deterministic perspective, considering
the strategic change as an externally driven process; (b) voluntaristic perspective,
considering the strategic change as a managerially determined process; and (c) dialectical
perspective, considering the combination of deterministic and voluntaristic perspectives
(Miiller & Kunisch, 2018). The dialectical perspective, with the advantage of a more
extensive overview of the strategic change, was a more comprehensive approach to
studying a strategic change.

One of the frameworks with the dialectical perspective is Pettigrew and Whipp’s

framework. Researchers have widely used Pettigrew and Whipp’s framework with three



15

basic dimensions of the context (where), the content (what), and the process (how) for
analyzing the change in organizations (Rabbani et al., 2011; Sminia, 2016; Soderlund &
Pemsel, 2022; Stetler et al., 2007; Uvhagen et al., 2018). Researchers initially used
Pettigrew and Whipp’s framework in a retrospective analysis of strategic changes to
understand competitive private sector organizations, later expanded to public sectors like
health care (Stetler et al., 2007).

The basic dimensions are dynamically linked and dependent on organizational
elements and processes (Klarare et al., 2020). The basic dimensions are suitable for the
high-level study of strategic change. The detailed approach will add more value to a
thorough analysis of a strategic change.

Apart from the basic dimensions of strategic change, the central interrelated
factors for managing strategic change are part of Pettigrew and Whipp’s framework
(Rabbani et al., 2011). The corresponding factors contributing to an organization’s
effectiveness are (a) understanding the environment, (b) resources management, (c¢)
linking strategy and operational changes, (d) leading the change process, and (e)
coherence (Pettigrew & Whipp, 1993; Sminia, 2021). Applying the reviewed factors may
provide a more detailed analysis in the study of the strategic change. The researcher may
focus on the basic dimensions, the interrelated factors, or the combination of both,
depending on the magnitude and purpose of the research (Rabbani et al., 2011).

Referring to the complexity of a strategic change process, analyzing the
previously mentioned interrelated factors, with each at the same degree of importance, is

critical for managing change (Pettigrew & Whipp, 1993). Considering the significance of
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the corresponding factors in a strategic change, the focus of this study was on the
discussed factors. Strategic changes should contribute to long-term organizational
performance by creating and sustaining competitive advantages (Pettigrew & Whipp,
1993). Though creating a strategic change is sometimes essential, ensuring the longevity
of the change is also critical. Strategic change is a purposive change for obtaining a
competitive advantage considering both internal and external environments while
providing an accurate translation of the concept to actions (Pettigrew & Whipp, 1993). A
strategic change will be successful by ensuring continuity and fine-tuning based on the
relevant findings (Pettigrew & Whipp, 1993; Sminia, 2021).

Based on Pettigrew and Whipp’s framework, change is a continuous process with
an interplay between the three basic dimensions (Uvhagen et al., 2018). Change agents
are responsible for constantly assessing and adjusting the change process to reach the
planned outcome (Uvhagen et al., 2018). Applying Pettigrew and Whipp’s theory has
been common in different sectors in the process of strategic changes. One of the
prominent examples is the medical industry. Researchers have used Pettigrew and
Whipp’s dimensions of strategic change framework for the studies in health care
organizations (a) to operationalize evidence-based practice, (b) to reduce hospital waiting
times, and (c¢) to coordinate health and mental care (Klarare et al., 2020). For example,
Stetler et al. (2007, 2009) used the Pettigrew and Whipp model to analyze the successful
implementation and institutionalization of evidence-based practice in health care,
focusing on the three primary dimensions.

A researcher can categorize the interview questions based on the dimensions,
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factors, or combination of both in the Pettigrew and Whipp dimensions of the strategic
change framework. For an interview structure inspired by Pettigrew and Whipp’s
dimensions of the strategic change framework, researchers may categorize the interview
questions into three categories: context, content, and process (Klarare et al., 2020; Stetler
et al., 2007). Researchers can further use the dimensions, factors, or combination of both
to transcribe the interviews. The researcher can initially code the interview transcript with
pre-determined codes of context, content, and process dimensions to be broken later into
more themes (Klarare et al., 2020).
Environmental Assessment

Environmental assessment is one of the essential sections of the strategic change
framework. The study of different categories of the environment may result in a more
detailed environmental assessment. In this study, the reviewed environments were
regulatory, economic, and industrial, resulting in a comprehensive view of the current
environment.
Regulatory Environment Assessment

The oil and gas industry is a naturally high-risk industry, requiring intensive
regulations to address risks associated with drilling, production, processing, and
distribution (Wanasinghe et al., 2020). Intensive exploitation of natural resources has
been the cause of several environmental concerns (Alqgahtani et al., 2019), which are
present in the oil and gas industry, where the operations may be quite challenging in
certain circumstances. The extreme environments in the oil and gas industry, such as

deep waters, frigid regions, and undeveloped deserts, are the geographic challenges in the
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exploration and production of oil and gas (Chen et al., 2014). For example, offshore oil
platforms are in need of constant monitoring in extreme weather, such as hurricanes and
tsunamis, to spot any dangers (Zuo et al., 2021).

In the oil and gas industry, the challenges of obtaining oil and gas from both
conventional and non-conventional resources have increased over time (Chen et al.,
2014). The majority of easily reachable onshore and offshore oil and gas fields have
declined because of production, requiring exploration and development of new fields
located in extreme conditions, including but not limited to deserts, arctic zones, and deep-
water (Shukla & Karki, 2016b). The increased challenges in extracting oil and gas from
new hydrocarbon sources have been an addition to the complications in the oil and gas
industry. The development of the oil and gas fields in extreme environments has been a
reason for a higher cost of operations, as well as a higher risk to health, safety, and
environment (HSE), and more demand for advanced technological innovations (Shukla &
Karki, 2016b).

Though the operations in both onshore and offshore environments may be risky,
the offshore environments may have some additional concerns. The concerns on the
offshore installations are (a) atmosphere which could be explosive, toxic, and corrosive;
(b) unsheltered maritime environment with insufficient protection against saltwater spray,
direct sunlight, and the reflection of the sun from the sea surface; (c) heavy weather, such
as wind, storm, rain, hail, and snow; (d) extreme ambient temperature and humidity; (e)
constraint space; and (f) complicated logistics with people living on installations and the

required emergency evacuations (Chen et al., 2014). The oil and gas companies should
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reduce costs in the mentioned extreme environment to remain competitive in the industry
(Chen et al., 2014). In extreme offshore environments, the application of robots for
monitoring and preventing risk is safer and more economical than human involvement
(Zuo et al., 2021).

In the oil and gas industry, catastrophic incidents that happened in the past
resulted in changes in the regulatory environment. An example of those high-impact
catastrophic events is what happened in the Gulf of Mexico in 2010. The explosion of the
Deepwater Horizon drilling rig on April 20, 2010 resulted in releasing of approximately 4
to 5 million barrels of crude oil into the Gulf of Mexico until September 19, 2010
(Allmon et al., 2022; Pinkston & Flemings, 2019; Rodgers et al., 2018; Serafin et al.,
2019). After the Deepwater Horizon disaster, the researchers worked with the United
States government to evaluate the U.S. regulatory regime for offshore accident
prevention (Yang, 2018). As the outcome of the investigations, a site-specific approach is
in place instead of the previous generic approach (Yang, 2018).

Economic Environment Assessment

Oil and gas have had a unique position among all energy sources. With
urbanization, industrialization, and the growing world population, the global demand for
fossil fuels, especially oil and gas, has increased (Shukla & Karki, 2016b). Oil and gas
have some advantages over other energy sources. There is no equivalent substitute for oil
and gas with an established infrastructure that can provide similar energy density and
ease of transportation (Shukla & Karki, 2016a).

Recessions and downturns have not been rare. The downturns have affected
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various businesses worldwide in different time windows. To survive the downturn,
business leaders have mainly selected the traditional approach. In response to the global
recession, many companies lowered their costs by applying low-cost labor instead of
focusing on increasing the added value of the performed job by the workers (Alcacer &
Cruz-Machado, 2019). What previously worked may not be suitable for the existing
economic environment. Since the circumstances have changed over time, companies have
started evaluating other potential approaches. Companies are more interested in restoring
their competitiveness through digital transformation (Alcacer & Cruz-Machado, 2019).

The oil and gas industry has gone through many instabilities in oil prices from
2014 onwards for up to a 70% cut (Lu et al., 2019a). The instability of oil prices has been
costly to all stakeholders in the oil industry. Many companies in the oil and gas industry
had difficulty maintaining their profitability and became candidates for being acquired by
other companies (Lu et al., 2019a). The instabilities of oil prices have not only had effects
on the companies. The oil price fluctuations generally have had impacts on the economic
activities of countries (Bagirov & Mateus, 2019).

Fluctuations in oil prices may substantially impact the oil and gas industry. Lack
of stability in oil prices, resulting in sharp increases or declines, has not been a rare
episode in the oil and gas industry (Bagirov & Mateus, 2019). Supply and demand have
an effect on oil and gas prices and precautionary motives (Caldara et al., 2019; Kilian,
2022; Kilian & Zhou, 2018; Lu et al., 2019a; Prest, 2018).

The oil and gas prices have had fluctuations over the past 40 years as a reaction to

the forces of supply and demand (Baumeister & Kilian, 2016). Every fluctuation has
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happened for specific reasons. The variations were mainly because of (a) production
shocks related to political events, new oil and gas discoveries, and technological
advancements; (b) demand shocks related to global business cycles; and (c) demand
shocks related to above-ground oil and gas inventories (Baumeister & Hamilton, 2019;
Baumeister & Kilian, 2016). While there is consensus on reviewed factors influencing oil
and gas prices, there is disagreement on the size of each factor on real oil and gas prices
(Baumeister & Hamilton, 2019; Herrera & Rangaraju, 2019; Kilian & Zhou, 2018).

The shock occurrences are because of the gap between the expected price of oil
and gas and the eventual price (Baumeister & Kilian, 2016). One example is the oil price
reduction from $134 per barrel in 2008 to $39 per barrel in 2009 in eight months
(Baumeister & Kilian, 2016). Another example is oil price reduction from $112 per barrel
in 2014 to $47 per barrel in 2015 in only seven months (Baumeister & Kilian, 2016). The
examples are indications of how extreme these fluctuations in the prices may be at times,
resulting in severe interruptions in the supply chain. Therefore, it is logical to consider
the supply chain disruption risk as a risk category.

The oil and gas price fluctuations have an intensive effect on the supply chain.
Therefore, underestimating the risk of supply chain disruption may have severe
consequences. A supply chain disruption risk is a combination of irregular events
affecting the state of the supply chain (Kbah et al., 2020). The resilience of the companies
in the oil and gas industry, in case of price instability, is dependent on the effectiveness of
their risk management in supply chain disruption. Suitable mitigation strategies to handle

the supply chain disruption risk are a strategic advantage for the companies (Kbah et al.,
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2020). Supply chain management requires enhanced visibility in seeing what is
happening, improved analytics in analyzing the change, and superior flexibility and
agility in taking actions (Hofmann et al., 2019).

With higher oil prices, developing new oil and gas fields has mainly been the
mechanism to increase oil production (Baumeister & Kilian, 2016). Nevertheless, in the
US shale oil boom, the improved technologies in horizontal drilling and fracturing were
the mechanism to increase oil production (Baumeister & Kilian, 2016; Stocker et al.,
2018). The proof of flexibility and resilience of the US shale oil technology was at the oil
price plunge in 2014 with about five times better response than conventional oil drilling
(Stocker et al., 2018). The cost of shale oil drilling reduced over time because of better
well designs resulting in shorter drilling and completion times with improved production
rates (Stocker et al., 2018).

There are many reasons for the instabilities and fluctuations in oil and gas prices.
The shale oil revolution in the United States has had an effect on oil supply and prices
(Newell & Prest, 2019; Prest, 2018). Another example is the severe impact of the
COVID-19 outbreak in early 2020 on economic environment deterioration in the oil and
gas industry and many other industries. Nevertheless, considering the recency of the
COVID-19 pandemic, peer-reviewed information was not available on the effects of the
pandemic on different industries at the time of this study.

Industrial Environment Assessment
In 2011, Germany was the first to speak about Industry 4.0 for the manufacturing

industry (Alcacer & Cruz-Machado, 2019; Dalenogare et al., 2018; Dev et al., 2020;
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Mogos et al., 2019). In April 2013, Germany officially proposed the concept of Industry

4.0 (Lu et al., 2019a). To explore the scope of Industry 4.0, reviewing the industry 4.0
framework is beneficial. Table 3 is the strategic framework suggested by Germany for
Industry 4.0 (Lu et al., 2019a).

Industry 4.0 is the fourth industrial revolution resulting in the digitalization era,
interconnecting the different elements through a virtual environment (Alcacer & Cruz-
Machado, 2019; Biichi et al., 2020). Industry 4.0 is compatible with the progress made in
information technology. Industry 4.0 is the intelligence era, promoting industrial change
through integrating industrialization and informatization (Dalenogare et al., 2018; Lu et
al., 2019a).

The expectation from Industry 4.0 is to digitally transform people’s lives by
introducing new business models and ways of manufacturing (Alcacer & Cruz-Machado,
2019; Tortorella et al., 2020). As expected in any change process, resistance to change is
inevitable. The aim of Industry 4.0 is to use advanced digitalization to improve
operational productivity and operational efficiency (Alcacer & Cruz-Machado, 2019;
Fatorachian & Kazemi, 2018; Fettermann et al., 2018). Through the application of
Industry 4.0, the traditional industry will become interconnected by combining the virtual
and physical worlds (Alcacer & Cruz-Machado, 2019; Fatorachian & Kazemi, 2018;
Frank et al., 2019). Nevertheless, learning will be involved in the process, requiring

patience and continuous improvement to achieve the expected outcome.
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Strategic Framework of Germany’s Industry 4.0
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One network

Cyber-physical system

Four themes

Smart factory
Smart production
Smart logistics
Smart services

Three integrations

Vertical
Horizontal
End-to-end

Eight plans

Standardized reference framework
Managing complex systems
Industrial broadband foundation
Safety and security

Organization and planning of work
Training and re-education
Regulatory framework

Resource utilization efficiency

Industry 4.0 will rapidly change and reshape conventional industrial processes,

enabled by ubiquitous internet access, machine-to-machine communications, and

advanced data analysis (Fatorachian & Kazemi, 2018; Pilloni, 2018; Toma & Popa,

2018). The creation of the Industry 4.0 concept was in Germany, but the idea became

quickly international. After Germany, some other countries such as China, the United

States, and Japan started their strategic plans for Industry 4.0 (Dalenogare et al., 2018; Lu

et al., 2019a; Mogos et al., 2019). The spread of Industry 4.0 did not stop in the

mentioned countries. More countries joined the list of Industry 4.0 adopters, including

France, the UK, South Korea, Japan, and Singapore (Liao et al., 2017). The focus of the

United States for Industry 4.0 has been on re-industrialization through big data, software,

and the internet, by merging the traditional networks and entities, reshaping

manufacturing through big data analytics, and connecting people, data, and machines in a
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global industrial network (Lu et al., 2019a).

Required Resources (Structure, Process, People)

Strategic change may be costly, requiring financial, human, and other resources
(Wiedner et al., 2017). Some strategic changes may not be successful. Insufficient
resources could be the cause of failure when implementing strategic changes (Wiedner et
al., 2017). Strategic changes are not only about the addition of resources. In the process
of a strategic change, revaluation and redistribution of resources could be common
(Wiedner et al., 2017). For a successful strategic change, the change agents should
remain engaged in assessing and adjusting the change process as required (Uvhagen et
al., 2018). The necessary resources are a combination of structure, process, and people.

One of the resources required for Industry 4.0 implementation is structure. The
reference model for Industry 4.0, as a guide for technology implementation, is a 3D
model creating a structured framework with a shared language (Alcacer & Cruz-
Machado, 2019). The three axes of the 3D model for Industry 4.0 are (a) facilities and
product lifecycle including instance and type; (b) hierarchical level of the enterprise
including product level, field device level, control device level, station level, work
centers level, the enterprise level, and the connected world level; and (c) functional layers
including asset layer, integration layer, communication layer, information layer,
functional layer, and business layer (Alcacer & Cruz-Machado, 2019). The nine critical
technologies of Industry 4.0 are (a) Internet of Things (IoT), (b) big data, (c)
cybersecurity, (d) cloud computing, (¢) simulation or digital twin, (f) additive

manufacturing or 3D printing, (g) augmented reality, (h) system integration, and (i)
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intelligent robotics (Alcacer & Cruz-Machado, 2019; Lu et al., 2019a; Pilloni, 2018).

The first key technology for Industry 4.0 is [oT. By applying IoT, people and
things can connect through any network regardless of time and place (Sezer et al., 2018).
The connection of everything to the internet may happen at one point by [oT (Cedefio et
al., 2018; Hammoudi et al., 2018; Qi & Tao, 2018; Tao et al., 2018). [oT is an enabler for
creating interconnectivity of the system parts and reducing the chances of working in
silos. The application of [oT can result in the conversion of the world into an intelligent
world, adapting to a human’s lifestyle (Hammoudi et al., 2018).

In the industrial environment, the industrial Internet of Things (IIoT) is a more
reliable connection between the industrial component and the internet (Alcacer & Cruz-
Machado, 2019; Cedetio et al., 2018). Reliability is an assurance of the uptime and the
security of the system. For reliable performance in the smart world, challenges like
architecture, privacy, security, openness, standardization, mobility, scalability, energy
conservation for extended longevity, and quality of services exist (Hammoudi et al.,
2018).

The second key technology for Industry 4.0 is big data. After connecting things to
the internet under the IoT concept, a large volume of structured, semistructured, and
unstructured data will be available, called big data (Qi & Tao, 2018; Tao et al., 2018).
Big data is complex data at large volumes, with high velocity captured, stored, and
managed by advanced techniques (Alcacer & Cruz-Machado, 2019). The utilization of
data to add value to the process is the key. While data collection and storage create big

data, the value remains in meaningful data analysis (Alcacer & Cruz-Machado, 2019).
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Making sense of big data could be lengthy and costly (Alcacer & Cruz-Machado, 2019).

Big data is characterized mainly by the three V’s of volume, variety, and velocity
(Alcacer & Cruz-Machado, 2019).

The third key technology for Industry 4.0 is cybersecurity. A significant increase
in data volumes is the outcome of Industry 4.0, requiring data protection and
cybersecurity more than before (Fataliyev & Mehdiyev, 2020). With IoT as an
interconnection of people and things through a network, an additional complexity in
security and vulnerability is inevitable (Dutta et al., 2020). There has been an evolution
of internet threats into well-organized cybercrime (Skopik et al., 2016). The oil and gas
industry has not been an exception. Considering the criticality of the oil and gas industry,
and given that remote controlling of these critical systems is sometimes the case,
recognizing and mitigating such attacks are essential (Stergiopoulos et al., 2020). The
attack detection mechanism must match the increased complexity. Attack detection
within individual organizations may not be sufficient anymore, requiring cross-
organizational information sharing for a thorough understanding of large-scale cyber-
attack threats (Skopik et al., 2016).

A combination of cyber and physical components is a cyber-physical system
(CPS) (Algahtani et al., 2019; Delicato et al., 2020; Fatorachian & Kazemi, 2018; Huang
et al., 2018). The resilience of the CPS against cyber-attacks and malicious activities is a
critical topic referred to as cybersecurity. The critical infrastructures are CPS. Enhancing
the resilience against cyber-attacks on critical infrastructures through prevention,

mitigation, and restoration is crucial (Huang et al., 2018).
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Cloud computing is the fourth key technology for Industry 4.0. Cloud computing

is one of the techniques suitable for companies considering outsourcing their IT
resources. Adopting cloud computing will be dependent on factors such as technology
readiness, management support, relative advantage, security, privacy, and Costs (Nguyen
et al., 2021). The benefits of cloud computing are (a) removing the cost of IT
infrastructure in the organization, (b) providing a flexible pool of resources, and (c)
providing broad, reliable network access (Alcacer & Cruz-Machado, 2019). Cloud
computing has robust computing power, using various models and algorithms to
organize, analyze, and mine the big data to provide meaningful knowledge (Qi & Tao,
2018).

Everything in the cloud is a service in a layered system with access to the public,
private, hybrid, and community (Alcacer & Cruz-Machado, 2019). The frequent increase
in cloud usage is one reason for an additional risk introduced to the systems (Oliveira et
al., 2019). The layers of services in the cloud are (a) infrastructure as a service (IaaS),
including virtual servers, networks, operating systems, and applications; (b) platform as a
service (PaaS), providing users the access to build, run, and deploy their applications in
the remote IT platform; (c) software as a service (SaaS) with applications in a cloud
infrastructure available for users; and (d) everything as a service (XaaS) including IaaS,
PaaS, and SaaS (Alcéacer & Cruz-Machado, 2019).

The fifth key technology for Industry 4.0 is simulation or digital twin. Simulation
is the imitation of an existing system to run some experiments for validation of products,

processes, or system configurations (Alcacer & Cruz-Machado, 2019). Based on what the
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authors claimed, different simulations were available such as static, dynamic, offline, and
online. The authors identified selecting a suitable simulation type as a multiparameter
decision. Offline simulations are ideal for analyzing what-if scenarios (Alcacer & Cruz-
Machado, 2019). Online simulation is a real-time simulation running on a computer at the
same rate as the physical system facilitated by [oT (Cedefio et al., 2018). Digital Twin is
another concept in simulation with a critical role in Industry 4.0 (Alcacer & Cruz-
Machado, 2019).

The sixth key technology for Industry 4.0 is additive manufacturing or 3D
printing. Additive manufacturing is a disruptive technology for creating objects from 3D
data in a layer-upon-layer format (Basak et al., 2022; Jiang et al., 2017; Kleer & Piller,
2019). Additive manufacturing has other naming conventions such as rapid prototyping,
solid freeform manufacturing, and digital manufacturing (Alcacer & Cruz-Machado,
2019). Additive manufacturing is a highly transformative technology, restricted to a niche
market until recently, but the cost of this technology has significantly reduced in the past
few years (Rayna & Striukova, 2021).

Augmented reality is the seventh key technology for Industry 4.0. Augmented
reality is to augment the real world with virtual things (Palmarini et al., 2018). In other
words, in augmented reality, a real-world physical environment exists alongside some
virtual elements (Fraga-Lamas et al., 2018). Augmented reality has applications in
different sectors like education, healthcare, engineering, and gaming (Xiong et al., 2021).
The augmented reality system has hardware, development software, and a visualization

method. The main objective of augmented reality technology is to improve human
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performance through powerful tools such as Human-Machine Interface (Alcacer & Cruz-
Machado, 2019).

The elements of augmented reality are (a) camera, (b) display, (c) processing unit,
and (d) activating components such as sensors, GPS positions, and images (Alcacer &
Cruz-Machado, 2019). Visualization for the user of augmented reality happens through
devices: (a) worn on the user’s head called head-mounted, (b) held in the user’s hand
called handheld, or (c) placed in the user’s environment called spatial (Danielsson et al.,
2020). The application of augmented reality in the industrial field is the industrial
augmented reality, supporting the industrial processes (Fraga-Lamas et al., 2018).
Maintenance and diagnostic areas are relevant fields for augmented reality, enhancing the
execution of tasks and decision-making (Alcacer & Cruz-Machado, 2019).

The eighth key technology for Industry 4.0 is system integration. The three
approaches for system integration in Industry 4.0 are horizontal, vertical, and end-to-end,
affecting the real-time data sharing methodology (Alcacer & Cruz-Machado, 2019;
Salkin et al., 2018). The horizontal approach is inter-company, and the vertical approach
is intra-company (Alcacer & Cruz-Machado, 2019).

The ninth key technology for Industry 4.0 is intelligent robotics. The different
levels of automation for robotics are (a) fully automatic with no human intervention, (b)
semi-automatic with varying degrees of human interaction, and (¢) manual with the
human decision-makers within the control loop (Chen et al., 2014). To make automation
and robotics a success in the oil and gas industry, the right level of automation with the

integration of humans, technology, and automation will be critical (Chen et al., 2014).
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Robotics is a sign of advancement in engineering for the adapting industry (Hajjaj &
Khalid, 2018). The authors claimed robots performed labor-intensive and unsafe tasks for
humans in different environments, including difficult-to-reach, impossible-to-reach for
humans, or unsafe-to-reach because of limitations such as size, pressure, temperature,
toxin, and more. The authors claimed the benefits of robotics were security and safety
improvement and cost-saving through reducing reoccurring expenses, saving time, and
improving efficiency. The robots are either autonomous, semi-autonomous, or manual
through a controller (Hajjaj & Khalid, 2018).

In different industries addressing a significant gap in the availability and cost of
various resources such as structure, process, and people may be inevitable for onboarding
Industry 4.0. While many industries may be interested in adopting Industry 4.0, the
existence of a framework for implementation of Industry 4.0 may be an area of
improvement (Zheng et al., 2018). Upgrade to Industry 4.0 can happen in stages to avoid
high initial costs and complications of the process. Identifying the priorities in the related
industry for advanced digitalization will be critical to the success of the process
(Alexandrova & Prudsky, 2019).

Linking Strategic and Operational Changes

The maturity of advanced digitalization is not the same in different industries.
Some industries have high safety concerns, making them suitable candidates for
advanced digitalization. The nuclear industry, as well as the petrochemical industry, are
two examples of industries with critical safety concerns (Hajjaj & Khalid, 2018).

The maturity of advanced digitalization varies even in different parts of the same
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industry. Advanced digitalization is more advanced in some areas of the oil and gas
industry, such as maintenance and inspection, to improve safety, quality, and reliability,
while reducing cost. Different examples of such applications are available. Frequent
maintenance and inspection of the pipe to assure reliable working conditions are
essential, considering the criticality of the pipelines in the oil and gas industry with high
technology design applied to unique material (Hajjaj & Khalid, 2018). The breakage of a
pipeline may result in hydrocarbon loss and an environmental disaster, which will be
even more critical in the marine environment (Li et al., 2017).

For digital transformation in every industry, understanding priorities,
opportunities, and risks are non-negotiable (Alexandrova & Prudsky, 2019). Setting the
right priorities for advanced digitalization in any sector may result in substantially
positive outcomes for that industry. An example of setting priorities could be starting
with advanced digitalization of costly operations. Inspecting, cleaning, and maintaining
pipelines and tanks could be expensive in the oil and gas industry. Considering how
costly and frequent the inspection, cleaning, and maintenance of pipelines and tanks
could be, the application of robots could be of value (Hajjaj & Khalid, 2018). The right
type of advanced digitalization can be an undeniable success factor. Therefore, managers
should consider selecting a suitable digitalization as a critical step. For inspection of the
pipes, as an example, three types of robots exist (a) caterpillar type, (b) mobile type, and
(c) wheeled type, each with its advantages and disadvantages (Hajjaj & Khalid, 2018).

The potential benefits of robotics application as a part of advanced digitalization

are (a) providing a less error-prone environment with higher reliability and more result
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consistency, (b) increasing production efficiency, (c) improving the safety of the
operations, (d) reducing the cost of remote offshore operations through remotely
controlled unstaffed offshore oil and gas facilities (Chen et al., 2014; Shukla & Karki,
2016b). The first applications of robotics in the oil and gas industry have been deep water
and ultra-deepwater (Rémouit et al., 2018). The application of robotics and automation
for specific operations, such as inspection, maintenance, and repair in the offshore oil and
gas industry, have resulted in safer and more efficient operations (Chen et al., 2014).
Some of the same technologies in offshore oil and gas exploitations have also been
relevant to the offshore renewable energy sector (Rémouit et al., 2018).

One of the safest and most economical means of hydrocarbon fluid transportation
is pipelines that extend millions of miles worldwide (Adegboye et al., 2019). The leakage
detection technologies are critical, considering that the consequences of leakage in the
pipeline networks may be environmental disasters, casualties, and financial losses
(Adegboye et al., 2019). Pipeline leakage detection methods are (a) exterior, including
acoustic sensing, fiber optic sensing, vapor sampling, infrared thermography, and ground
penetration radar; (b) visual or biological, including the use of trained dogs, experienced
personnel, smart pigging, or drones; and (c) interior or computational including
continuous monitoring of the fluid inside the pipeline for pressure, temperature, flow rate,
density, and other characteristics used in different algorithms for leakage detection
(Adegboye et al., 2019; Chen et al., 2014).

Potential Benefits of Advanced Digitalization

The expectation from Industry 4.0, like any other change, is to add value. The
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potential benefits of Industry 4.0 are available in different scholarly pieces of literature,
with some examples provided in this section. The advantage of Industry 4.0 is to create
smart manufacturing capable of assisting in creative problem solving and decision
making with the outcome of intelligent products (Alcacer & Cruz-Machado, 2019). One
impact of Industry 4.0 could be using advanced digitalization to perform tedious,
repetitive, or physically demanding jobs (Alcacer & Cruz-Machado, 2019; Dachs et al.,
2019).

Besides creating smart processes and products and freeing humans for further
focus on non-repetitive tasks, Industry 4.0 could result in other benefits. Considering the
change in the customers' requirements, agility, efficiency, responsiveness, product
quality, and regulatory compliance are even more essential (Fatorachian & Kazemi,
2018). Through the application of Industry 4.0, the firms may have better control at a
reduced cost of coordination over the network of employees, suppliers, and customers in
geographically dispersed locations (Dachs et al., 2019). The potential benefit of Industry
4.0 is not only in cost reduction. Applying technologies in Industry 4.0 could result in
improved reliability, increased performance, and reduced wasted resources, minimizing
carbon emissions and production expenses (Lafferty, 2019; Liu & De Giovanni, 2019).
Therefore, the benefit of possible environmental protection from Industry 4.0 is valuable.

Another benefit of Industry 4.0 may be in increasing the lifecycle of the products.
Many manufacturing companies have adopted end-of-life strategies to reduce waste
through environmental-friendly approaches, which may result in cost-saving and

extension of the product lifecycle (Garrido-Hidalgo et al., 2019). The focus of the circular
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economy and reverse logistics is on improving the economic and environmental aspects
of manufacturing (Dev et al., 2020).
Potential Challenges of Advanced Digitalization

One of the common concerns related to advanced digitalization is the fear of
robots taking over human jobs (Acemoglu & Restrepo, 2018; Jarrahi, 2018; Khan, 2018;
Nica, 2018). With the concern of robots replacing humans in the workplace, resistance
against advanced digitalization may increase. Some researchers expressed concern that
the impact of advanced digitalization should not be eliminating jobs but rather changing
what people are doing for better business results (Barro & Davenport, 2019; Jarrahi,
2018). Other researchers have expected Industry 4.0 to introduce more collaborative
flexibility to the production system (Alcacer & Cruz-Machado, 2019). After adopting
Industry 4.0, redefining job roles into three categories human-specific, machine-specific,
and shared tasks, will be inevitable (Ansari et al., 2018).

Digitalization may have social implications by altering inter-organizational and
intra-organizational relationships (Ghobakhloo & Fathi, 2019). There may be a risk of
unemployment in the low-skilled workforce in the digitalized environment, in addition to
the risk of data security and privacy (Ghobakhloo & Fathi, 2019). To cope with the
challenges of industry 4.0, preparedness for a possible change in the skill requirements is
logical. The technology-savvy universities may have a critical role in preparing flexible
and independent graduates capable of adopting their skillsets in the industry 4.0 era
(Nguyen, 2018).

The success of Industry 4.0 will be dependent on appropriate strategic
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implementation. The steering of the advanced digitalization process towards safeguarding
economic, social, and environmental sustainability should be the commitment of
companies and industries (Ghobakhloo & Fathi, 2019). Industry 4.0 is about creating new
opportunities alongside new vulnerabilities (Biichi et al., 2020). For successful
implementation of Industry 4.0, resulting in a positive impact on business and society,
management of the vulnerabilities will be critical (Biichi et al., 2020).

Protecting the valuable data created through Industry 4.0 and making the data
only available to authorized users is critical (Alcacer & Cruz-Machado, 2019). While
different industries are in agreement with global digitalization as the way forward, many
companies could be ignorant of the potential threats of advanced digitalization to their
business (Peskova et al., 2019). Some applications of artificial intelligence are in
different industries, such as healthcare, transportation, and the justice system (Casares,
2018). Implementation of advanced digitalization is more challenging in the offshore
environment because of the complexity and the remote nature of offshore installations,
with a high risk of corrosion, explosion, and radiation, in harsh environments with
extreme temperature and high humidity (Chen et al., 2014).

Leading Advanced Digitalization Change

Implementing a change process to adopt Industry 4.0 may not be easy for
different companies. The interpretation of executive management from the concept of
Industry 4.0, its driving forces, and its barriers will be critical to the success of the
process (Horvath & Szabd, 2019). The researchers have performed studies to identify the

driving forces and obstacles of Industry 4.0. Referring to Horvath and Szabo (2019), the
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main driving force for the management in adopting industry 4.0 is the ability to access
real-time performance measurements alongside the production factors. Defining the
strategic roadmap by the executive management of a firm for managing the advanced
digitization process aligned with the mandate of Industry 4.0 may benefit the digital
transformation process (Ghobakhloo & Fathi, 2019).

Like any other change process, resistance against change is inevitable in adopting
Industry 4.0. Developing an Industry 4.0 strategy is challenging (Bakon et al., 2022). The
Executive management should be ready to address potential technological,
organizational, and management challenges through the change process (Ghobakhloo &
Fathi, 2019; Horvath & Szabd, 2019). A detailed implementation plan should be a
resolution to the mentioned issue. The organizational resistance could be from middle
managers and employees (Horvath & Szabo, 2019). Industry 4.0 has been the main
change in the human-machine relationship to human-machine cooperation, as the human
worker receives assistance from the machine through interacting and exchanging
information (Ansari et al., 2018).

While the confrontation of the organization is not surprising, the right strategy to
lower the mentioned resistance should be in place. If the executive managers fail to
address the resistance efficiently, introducing Industry 4.0 technologies may get
complicated (Horvath & Szabd, 2019). Failure in the adoption of Industry 4.0 may
happen for different reasons. Two significant risks in adopting Industry 4.0 are lack of
expertise and a short-term strategy mindset (Galli, 2018; Moeuf et al., 2020). Therefore,

executive management should not underestimate the importance of adequate training and
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a long-term strategy. Strategic changes are often dynamic ones requiring a clear vision
understood by the organization and backed up by well-defined targets (Eriksson &
Fundin, 2018). Having the right strategy is essential in a strategic change, while effective
communication of that strategy to the organization is as essential (Eriksson & Fundin,
2018; Galli, 2018). Performance measurement during the implementation of a strategic
change may result in creating a track record of the effectiveness of that change
(Abernethy et al., 2021).

Modern economic development is closely interrelated to digital technologies
(Peskova et al., 2019). Some managers in oil companies have partially recognized the
potential value of advanced digitalization. Some scientists, describing the digital
technology management in oil companies’ current practice, point to the lack of rapid
digitalization processes implementation. According to experts, digital transformation
could have an effect on all areas of business (e.g., current, investment, and financial)
while improving the business environment of companies (Peskova et al., 2019). The
companies should be open to creating, retaining, and transferring the knowledge related
to Industry 4.0 technologies within their organizations to remain competitive (Tortorella
et al., 2020). With the complexity resulting from Industry 4.0 in the workspace, education
and training for new skills and competencies may become inevitable (Lupicka &
Grzybowska, 2018).

The adoption of Industry 4.0 may be related to the company's size. Based on the
studies, multinational enterprises have higher driving forces in implementing industry 4.0

(Horvath & Szabo, 2019). In the transition to Industry 4.0, organizational integration of
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many IT technologies at different levels of the companies will be required (Ghobakhloo
& Fathi, 2019). While multinational enterprises may have a potential advantage over
smaller companies, no red line exists for smaller companies adopting Industry 4.0.
Smaller companies may still be able to onboard Industry 4.0 (Horvath & Szabo, 2019).
Industry 4.0 transition in small companies may happen in stages, introducing digitization
to certain operations areas by priority (Ghobakhloo & Fathi, 2019).

There are different examples of advanced digitalization activities supported by oil
companies. The gradual shift of the oil and gas industry towards advanced digitalization
has been noticeable (Lu et al., 2019a; Lu et al., 2019b). The examples of the mentioned
shift are available. Many exploration and production operations in Total, a major energy
player, are happening in challenging conditions such as extreme hot or cold climates in
remote, isolated locations (“ARGOS Challenge,” 2017).

Considering the value that the autonomous robots may add to the safety of the
onshore and offshore operations, Total partnered with the French National Research
Agency (ANR) in 2013 to launch ARGOS Challenge (“ARGOS Challenge,” 2017).
ARGOS is the Autonomous Robot for Gas and Oil Sites, fulfilling the objective of
reaching a massive deployment of autonomous robots in industrial facilities (Merriaux et
al., 2018). Fit-for-purpose design of robots could add the highest value to the performed
activities by robots. Different examples of fit-for-purpose designs are available. For
instance, for patrolling the oil and gas platforms, the robots should be able to travel safely
on the platform between the floors, bypass different obstacles, climb the stairs, and detect

the emergency alarms (Merriaux et al., 2018).
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The oil and gas platforms could be dangerous for humans considering different
operations taking place on them. Therefore, the preference is to keep people to the
minimum whenever possible. Patrolling oil and gas infrastructures using autonomous
robots could result in increased safety standards by operating without any humans on the
platforms in some cases (Merriaux et al., 2018). In accidents, using robots could be an
enabler in accessing locations that could be dangerous for humans. On many occasions,
robots could have access to places humans may not be able to access for various reasons.
During a fire, hydrocarbon leaks, and explosions, using robots to deal with the situation is
worthwhile without risking human life (Merriaux et al., 2018).

There are other examples of oil and gas companies that embarked on advanced
digitalization. For instance, the following oil companies in Russia are active in advanced
digitalization: Transneft, Gazprom Neft, and the LUKOIL group of companies
(Alexandrova & Prudsky, 2019). Also, in many large oil and gas companies, the
management has focused on blockchain technology to significantly improve efficiency
and data security (Lu et al., 2019b).

Overall Coherence of Advanced Digitalization

Advanced digitalization may become an integral part of the oil and gas industry
by providing logical and consistent outcomes. Based on the available literature, there are
different examples of the possible coherence of advanced digitalization with oil and gas
applications. According to Toma and Popa (2018), Industry 4.0 concepts are relevant to
oil and gas like other industries. The authors also claimed that in the assurance of a safe

cybersecurity environment, using the security best practices should become a critical
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requirement in every sector, including the oil and gas industry.

Successful change should be sustainable. Industry 4.0 is happening, and it is wise
for organizations to gain a competitive advantage by applying the requirements of the
changing environment (Dhanpat et al., 2020). A short-lasting change is a waste of
resources. Advanced digitalization will have an effect on the employees and HR
operations (Liboni et al., 2019). For sustainability, the employees should shift their
capacities to the requirement of transformed workspaces with Industry 4.0 (Rana &
Sharma, 2019). A sustainable economy may result in the promotion of global economic
competitiveness through the intelligent use of resources and the creation of new job
opportunities (Naudé¢, 2018). Adopting new employee skills and competencies is
inevitable in Industry 4.0 (Lupicka & Grzybowska, 2018).

Customizing advanced digitalization solutions for the needs of each company is
of critical importance. Transition to Industry 4.0 for different companies should be
proportional to their organizational, operational, and technical particularities
(Ghobakhloo & Fathi, 2019). When digitalization is fit for purpose based on the
priorities, the companies will have more benefits. In adopting Industry 4.0, the managers
should prioritize the company's core strategies for superior competitiveness (Ghobakhloo
& Fathi, 2019). What works for one company may not be the best solution for another
company.

Transition
Section 1 of this study introduced the business problem that some leaders in the

oil and gas industry lacked successful strategies to implement advanced digitalization.
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Section 1 had a thorough review of the background of the problem and the academic
literature, analyzing the existing body of knowledge to establish the basis for the study.
The structure of the academic literature review is in reference to Pettigrew and Whipp’s
dimensions of strategic change theory.

Section 2 is a reiteration of the purpose statement, followed by the role of the
researcher and the participants. Section 2 includes the selected research method and
design with the related justifications for choosing the method and design. Moreover,
Section 2 is a review of ethical research, data collection instruments and techniques, data
organization techniques, data analysis, and reliability and validity of the information.

Section 3 is a review of the study's detailed findings pertinent to the business
problem. In addition to the study's results, the researcher’s recommendation for future
research is a part of Section 3. Another significant element in Section 3 is the discussion

of the possible social changes this doctoral study could have.
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Section 2: The Project

In Section 1, the main elements were the background to the business problem, the
problem statement, the research purpose, the nature of the study, the research question,
interview questions, the conceptual framework, operational definitions, significance of
study, assumptions, limitations, and delimitations. The analysis of the available scholarly
literature related to advanced digitalization was a significant element of Section 1. In
Section 2, the main components are a reiteration of the purpose statement, identification
of the researcher’s role, the participants, the research method and design, population and
sampling, ethical research, data collection instruments and techniques, data organization
techniques, data analysis, and reliability and validity.

Purpose Statement

The purpose of this qualitative multiple case study was to explore successful
strategies some leaders in the oil and gas industry used to implement advanced
digitalization. The target population was a minimum of four leaders in at least two
companies, preferably one oil service company and one oil company in North America,
who successfully created and utilized advanced digitalization in the oil and gas industry.
This study may lead to a positive social change by encouraging advanced digitalization in
the oil and gas industry, resulting in the creation of more job opportunities for the local
workers and companies, reducing job stress, and improving the domestic economy and
level of prosperity.

Role of the Researcher

The researcher is critical in a qualitative study (Fusch & Ness, 2015). The
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researcher is responsible for the type of research question, the control mechanisms, and
the focus on either contemporary or historical events for identifying the research design
(Yin, 2018). The researcher is also embedded in the research as a data collection
instrument (Rutberg & Bouikidis, 2018). In my doctoral research, I was the primary
instrument for data collection. I ensured briefing the participants on the purpose of the
study, the interview questions, the data collection process through interviews, and the
data analysis process. Having worked in the oil industry all my career, I knew the study
participants directly or indirectly. The participants in my interviews were the senior
leaders in advanced digitalization. As an oil industry leader for almost two decades, I was
familiar with the challenges in the mentioned sector. Nevertheless, I was committed to
keeping an open mind throughout the data collection and analysis to minimize bias.

The researcher must maintain high ethical standards in research. To protect
human subjects participating in the research, the National Commission for the Protection
of Human Subjects of Biomedical and Behavioral Research (1979) has the Belmont
Report summarizing the required principles and procedures—respect participants, limit
the risk for the participants, and ensure justice through the application of consent forms
(Brakewood & Poldrack, 2013; Friesen et al., 2017). I was committed to adhering to the
three core principles identified in the Be/mont Report throughout my doctoral research.
As the researcher, I ensured the participants were aware of their role in the research
process. I also respected the right of the participants to participate in the research freely
based on their choice. I was cautious of the data confidentiality and only used the data for

research purposes. I kept the identity of the participants and their related companies
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confidential. I treated the participants with respect and justice.

Further, a biased approach could have a negative effect on a study’s validity and
reliability. Therefore, I strived to reduce bias by interpreting the collected data for the
investigated phenomenon based on the participants’ opinions instead of my viewpoint. |
ensured advanced preparation through having an interview protocol (a) to stay focused on
addressing identified relevant concepts, (b) to be empowered with a sense of control, (¢)
to remain connected analytically by translating research questions into the conversation,
and (d) to be enabled to continue the discussion in challenging conditions (Arsel, 2017).

Participants

The study participants must have in-depth information to provide productive
responses to the research questions (Saunders & Townsend, 2016). The study participants
must also be knowledgeable and experienced in the phenomenon under exploration
(Patton, 2015). In my doctoral research, the study participants were supposed to be at
least four advanced digitalization leaders in the oil and gas industry—preferably two
from an oil service company and two from an oil company. The selected leaders had to
have involvement in successfully implementing advanced digitalization in their
respective companies. During the data collection phase, I only conducted interviews with
the leaders of two oil service companies. Even though I had invited the oil companies’
potential participants for the interviews, they did not participate due to data tightness and
information-sharing limitations in their companies.

In proper research, establishing trust with participants is crucial (Celestina et al.,

2018). In my research, the participants were encouraged to trust because of the shared
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interest we had in the industry. I accessed the participants through my working
relationship with them. I called the selected participants to provide them with some
background information on what I had planned to do and to request their participation if
they considered it appropriate. Then, I emailed the participants an invitation to participate
in my study. Upon participants’ acceptance of the invitation, I emailed a letter of
voluntary cooperation to the advanced digitalization leaders that they signed and returned
to me. [ also ensured the improvement of existing relationships by being open and
transparent, briefing the participants on the purpose and guidelines of the study.
Research Method and Design
Research Method

Researchers may use three methodologies in conducting their research:
qualitative, quantitative, and mixed (Yilmaz, 2013). For this study, I selected the
qualitative research method based on the focus of my doctoral study on an exploratory
concept. Advanced digitalization in the oil industry is a recent phenomenon to be studied
in an exploratory manner.

The qualitative method is suitable for a broad context of a business problem,
analyzing the data from direct fieldwork observations (Antwi & Hamza, 2015). Data
collection is often done through in-depth, open-ended interviews and written documents,
providing flexibility in interactions between the researcher and the study participants
(Antwi & Hamza, 2015; Marshall & Rossman, 2016; Yin, 2018). Therefore, the
qualitative method applies to exploratory research.

The quantitative method is suitable for defining the relationship between selected
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variables through the analysis of numerical data utilizing statistical techniques (Cronin,
2014). The quantitative method is formal, objective, and systematic, with many
participants representing a population (Yilmaz, 2013). In the quantitative method, the
researcher often tests a hypothesis and focuses on closed-ended questions (Marshall &
Rossman, 2016; Ridder, 2017). Considering advanced digitalization is at an early stage of
development, as well as restrictions on the confidentiality of data, the quantitative data
was not available to me. I performed interviews with open-ended questions without
testing any hypotheses Therefore, the quantitative method was not the right choice for
exploratory research. The mixed-method approach is a combination of qualitative and
quantitative methods, producing comprehensive outcomes with more extensive
information (Marshall & Rossman, 2016; McKim, 2017). Consequently, the qualitative
method was the right choice for my research study. With a qualitative method, I gained
insights into the strategies currently applied for the integration and advanced
digitalization of services in the oil industry through interviews and qualitative analytical
procedures.
Research Design

For selecting a research design, the researcher considers the type of research
question, the control mechanisms, and the focus on either contemporary or historical
events (Yin, 2018). The qualitative research designs include phenomenology, narrative,
ethnography, and case study. After studying the application of available designs, I
concluded the use of the case study was the right approach for my doctoral research on

implementing advanced digitalization in the oil industry.
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Phenomenology is a description of humans’ experience with a particular
phenomenon while setting aside bias in the process (Katsirikou & Lin, 2017; Marshall &
Rossman, 2016). Phenomenology was not the right approach, as my focus was not on
humans’ experience regarding the advanced digitalization phenomenon. Narrative design
is a description of an individual’s story from their own life experience (Marshall &
Rossman, 2016). The narrative design was not the right design because of the recency of
advanced digitalization in the oil industry. Finally, ethnography is the direct observation
of the study participants going through an experience in their environment (Ingold, 2014).
My research topic was about advanced digitalization strategies, not the experience of
people with advanced digitalization; therefore, ethnography was not a relevant design.

The case study design was the best approach for advanced digitalization in the oil
and gas industry as a recent phenomenon in its infancy. In a case study, the researcher
investigates a contemporary phenomenon in a real-life context with an in-depth,
descriptive, and exploratory analysis of a person, group, events, decisions, periods,
policies, institutions, or other systems (Ridder, 2017; Yin, 2018). The case study is
applicable to the experiences in different situations with either typical or rare conditions
(Connelly, 2014). Specifically, the multiple case study is suitable for researchers to
explore details and perspectives concerning a specific situation replicated in more than a
single case, offering a more reliable outcome (Yin, 2018).

Considering the case study as the right approach for my doctoral research, |
required the application of triangulation. The focus of triangulation is on the process and

methods of data collection (Yin, 2018). I conducted interviews with advanced
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digitalization leaders in two oil service companies, with no success interviewing anyone
from an oil company. Investigating a research topic is possible through contextualizing
the same phenomenon experienced by others (Bevan, 2014). Data saturation in
qualitative studies is when no new data, themes, or codings emerge, allowing the study to
replicate (Fusch & Ness, 2015). I ensured the data saturation in my doctoral study
through the lack of emergence of any new data, theme, and coding during the data
analysis process of my research.

Population and Sampling

The scope of the study defines the population. The sample size the researchers
select aligns with the research questions and the purpose statement (Khan, 2014). In my
research, I applied a multiple case study on implementing advanced digitalization in the
oil and gas industry. In multiple case studies, the population is everyone meeting the
participant criteria in various companies.

I interviewed seven advanced digitalization leaders from two oil service
companies, with no success in interviewing anyone from an oil company. The oil
companies are tightly limited in data sharing. Consequently, the potential participants
from the oil companies could not attend the interviews, even though I had provided them
with the invitations. Although advanced digitalization in the oil industry may not be fully
commercialized, the oil service companies are creating automated solutions to be used by
some oil companies. There is a close collaboration between oil service companies and oil
companies in developing and implementing advanced digitalization solutions. This close

collaboration has given oil service companies an excellent understanding of the
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expectations and requirements of the oil companies in implementing advanced
digitalization. I interviewed three managers from one oil service company and four from
another oil service company involved in the creation of advanced digitalization. In the
interviews, I asked the oil service company participants to answer the interview questions
from the perspectives of an oil service company as well as an oil company, given their
close collaboration and understanding. With this approach, there may be some valuable
findings for the oil companies as well as the oil service companies in this study.

Through purposeful data collection, the chance of reaching data saturation is
higher (Palinkas et al., 2015); thus, the sampling strategy I selected was purposive. |
chose participants based on the selection criteria of being a manager in charge of
advanced digitalization in an oil company or an oil service company. My access to the
participants was through professional relationships in my job in the oil industry. I
provided the participants with a consent form to sign before holding the interviews. At
the same time, I protected their identity by not sharing the organizations’ and
participants’ names.

As the primary data collection instrument, I interviewed participants to obtain
data using a set of semistructured interview questions (see Appendix A) in a one-on-one
interview setting, on a video or phone call, voice recording the interviews with the
permission of the participants. The interview was private, and the participants did not feel
uncomfortable having other employees see them in this setting. I followed the interview
protocol provided in Appendix B. I will keep the record of interviews secured for 5 years

after the interview conduction. After that, I will delete the voice-recorded interviews and
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electronic documents. I will also destroy any paper copies.

The accuracy and validity of a qualitative study are through ensuring data
saturation in qualitative research. There is no direct correlation between the sample size
and data saturation in qualitative research. The critical characteristics of reaching data
saturation are to have high-quality, in-depth data with no further emergence of any new
data, themes, or coding, providing the ability to replicate the study (Fusch & Ness, 2015).
Reaching data saturation is related to the study design. Through purposive sampling, the
researcher approaches study participants with the best insight into the case (Palinkas et
al., 2015). Additionally, the direct connection between method triangulation and data
saturation has been identified (Fusch & Ness, 2015). Therefore, through accessing the
right participants and applying triangulation, the researcher can reach data saturation with
a smaller sample size.

I was confident in reaching data saturation with my selected sample size. I used
purposive sampling along with data triangulation to facilitate data saturation. I still
confirmed reaching data saturation in action after performing the interviews. I had
planned to run a minimum of four interviews with the possibility of extending to more
interviews or re-interviewing the same participants if reaching data saturation was not
evident. I performed seven interviews, which resulted in apparent data saturation.

Ethical Research

The researcher's mission is to generate knowledge through a research process

following ethical standards and principles (Chiumento et al., 2017; Le Roux, 2016).

Ethical research is about respecting the study's participants by eliminating potential harm
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and maximizing benefits while practicing justice towards the individuals’ societal levels
(Yip et al., 2016). The researcher is responsible for protecting the privacy and
confidentiality of the company’s information and participants’ information by utilizing
federal and ethical standards. Fletcher (2017) has emphasized researchers’ responsibility
in the assurance of ethical research by considering participants’ well-being in collecting
data fulfilling the purpose of the study before considering any self-interest.

The researcher should follow the parameters established by the study's ethical
review committee (Zhang, 2017). The approval of the plan from an institutional review
board is a requirement for the initiation of the research (Yin, 2018). In this study, I
ensured adherence to Walden’s University ethical guidelines and directives of the
Internal Review Board (IRB). As one of the requirements, I obtained formal consent,
including a confidentiality agreement from the potential participants, by submitting a
letter describing the research topic and objective before the interview process. The
participants had the right to withdraw from the study by notifying me.

The researcher must ensure ethical capturing, protecting, and reporting of the
information collected in the research process. In this study, the participant selection, the
data collection, and the data storage reflected IRB standards and procedures. I
communicated the summary of the findings upon the formal completion of the study with
the participants. All transcripts, data, materials, and information related to the study are in
a password-protected and encrypted external hard disk for the next 5 years, kept in a
fireproof safe box with my exclusive access. [ have also saved all the printed information

in the same safe box. Five years after the submission of the study, I will delete the
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external hard drive and destroy all paper copies. In this study, I had not considered an
incentive for participating.
Data Collection Instruments

The researcher is the primary instrument in the research (Castillo-Montoya, 2016;
Malogon-Maldonado, 2014). I was the primary data collection instrument for this
multiple case study qualitative research, collecting data through semistructured
interviews and available documents. The researcher should understand the participants’
experiences, as well as the participants’ descriptions and interpretations of those
experiences (Castillo-Montoya, 2016). To collect high-quality data, the researcher should
dedicate enough time actively listening to the participants’ experiences in a comfortable
environment (Castillo-Montoya, 2016). The data collection of this doctoral study was
through a stable and secure interview environment with the participants and the revision
of the relevant documents shared by the targeted companies. I interviewed seven
participants from oil service companies with no participation from the oil companies,
even though I had invited them for the interviews.

Semistructured interviews could result in deeply subjective information from
participants (Morse, 2015). Referring to Doody and Noonan (2013), in semistructured
interviews, the researcher may explore new paths upon the emergence of any new
information initially not considered in organizing the interview. While in semistructured
interviews, the researcher can use a guide, altering the order of questions and including
additional inquiries will be permissible (Wilson et al., 2016). As the participants are free

to answer the way they wish, new ideas may emerge during semistructured interviews,
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allowing the researcher to further investigate those ideas through probing questions
(Wilson, 2014). Also, the open-ended questions in semistructured interviews could be
beneficial for productive dialogue in the interview process. In open-ended questions, the
participants can elaborate on their preferred responses. The mentioned characteristics of
the semistructured interviews with open-ended questions were the primary motivators of
my selection of the method.

Development of the interview protocol before starting the interview process may
result in the reliability of the study, enhancing the quality of the collected data (Castillo-
Montoya, 2016; Yin, 2018). Through an interview protocol, the researcher explains to the
participants the nature of the interview and the general format of the interview, coupled
with the statement declaring no response given to the interview questions is either right or
wrong (Doody & Noonan, 2013). The interview protocol could be a contributor to the
increased validity and reliability of the information collected in the interview process
(Yin, 2018). I have provided the interview questions in Appendix A and the interview
protocol in Appendix B.

The company’s physical documents will be made available to the researcher and
are helpful for method triangulation. Researchers use the triangulation of the data sources
to identify the reliability and validity required for establishing the database while
maintaining evidence (Fusch & Ness, 2015; Yin, 2018). Researchers should evaluate
their actions, assumptions, and expectations, providing reasons for actions and decisions
required in generating results and findings of the research (Noble & Smith, 2015). The

researcher should be the custodian of the information collected, enabling other
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researchers to reach similar conclusions (Leung, 2015; Noble & Smith, 2015). As the
primary instrument for data collection, I ensured validity by identifying and reducing
possible biases. I minimized biases by providing an accurate and detailed summary of the
personal experiences and perspectives of the participants. I also identified the data
collection objectives, accepted custody of data, and shared the method applicable for
coding, interpretation, and analysis of the data. Upon acceptance of the participants, I
voice recorded the interviews with permission from the participants for further accuracy.
I also shared the interview transcript for validation with the participants, as required.
Data Collection Technique

This qualitative multiple case study was about the successful strategies that some
oil and gas industry leaders used to implement advanced digitalization. A deeper
exploration of participants’ experiences, feelings, and thoughts may be possible through
performing interviews in a qualitative research setup (Maramwidze-Merrison, 2016). For
primary data collection, I conducted semi-structured interviews in person with the
participants over video or phone calls. A semistructured interview with open-ended
questions can result in spontaneous responses from the participants, providing the
opportunity to explore additional information during the interview process (Doody &
Noonan, 2013). The interview questions are available in Appendix A, and the interview
protocol is in Appendix B. While face-to-face interviews were preferred, I ended up
performing interviews over video or phone calls with the participants, considering the
coronavirus limitations. Referring to Seitz (2015), using a recording device can result in

more accurate data transcription. Upon obtaining permission from the participants, |
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voice recorded the interviews through two recording devices to ensure a backup in case
of any failure in one. Then, I transferred the data to my computer in a password-protected
folder.

Using reflexive analysis by paraphrasing the participants' responses during the
interview is suitable for an on-spot check on the accuracy of the data (Ibrahim & Edgley,
2015). Member checking is helpful in addressing the gap in responses (Seitz, 2015). To
ensure understanding of the participants’ responses during the interview, I paraphrased
their answers to get their feedback. I also asked probing questions. Referring to Yin
(2018), probing questions during the interview could be useful in allowing the
participants to enhance their responses in more detail. I also performed member checking
whenever needed, providing the participants with the opportunity to review findings and
conclusions after my interpretation of the collected data from their interviews. Feedback
from the interviewees on the interview findings could result in further data accuracy
(Fusch & Ness, 2015).

Public organizational records could be a complement to the data from interviews
(Yin, 2018). Iresearched the public data of the participating companies as secondary
data to complement the primary data I collected during or after the semistructured
interviews. Method triangulation could be an enhancement to the data accuracy while
facilitating a deep understanding of the phenomenon (Lodhi, 2016). Considering the
recency and the confidentiality of the advanced digitalization in the oil and gas industry,

the available public records on the subject were limited.
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Data Organization Technique

The researcher must keep the participants' information confidential (Ummel &
Achille, 2016). To protect the participants’ identities, I assigned a code to each
interviewee. The participants’ codes in my study were P1OSC1, P20SC1, P30SC1, and
P40OSC1 for the first company participants and P10SC2, P20SC2, and P30SC2 for the
second company participants. In the mentioned coding, P was the person, and OSC was
the oil service company. Therefore, [ am the only one knowing the identity of the
participants. During the interviews, I recorded the interviews using two digital recorders.
After the interviews, I transcribed the semistructured interviews.

To ensure consistency, the researcher must categorize and label the collected data
(Marshall & Rossman, 2016; Ranney et al., 2015). I used NVivo to code the study data to
identify and categorize emerging themes. I also kept reflective journals and research logs
to track my thinking process, observations, codings, classifications, and data analysis. I
stored the digital copies of the interview recordings, Excel spreadsheets, reflective
journals, and research logs on a password-protected external hard drive. I will lock the
hard drive and any other documents relevant to the study, including hard copies of any
research-related data, in a safe box only accessible to me. Upon completing 5 years after
the conclusion of the doctoral study, I will shred all hard copies and delete all soft
documents and recordings.

Data Analysis
A researcher performs data analysis for data preparation, organization, and

categorization into themes used to interpret the findings (Saunders et al., 2016). In the
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case studies, researchers apply method triangulation to multiple information sources to
draw research conclusions (Morse, 2015; Patton, 2015; Yin, 2018). Method triangulation
may be an improvement to the collected data from interviews by bridging the existing
gaps and increasing data validity (Bekhet & Zauszniewski, 2012; Yin, 2018). Referring
to BaSkarada et al. (2017), achieving method triangulation may be an assistant to the
realization of data saturation. I used method triangulation in my research. In data
collection for my doctoral study, I used semistructured interviews and the company’s
public documents and information. The researcher should analyze the collected data from
different sources. The researcher may use software packages for searching and analyzing
text-based data and coding (Woods et al., 2016). [ used NVivo, a data analysis software,
to comprehensively analyze the collected data.

The researcher addresses the research question through a logical and sequential
data analysis process by utilizing relevant analysis techniques for qualitative research
(Vaismoradi et al., 2016). The data analysis process comprises (a) reduction, (b)
delineation, (c) clusterization, (d) validation, and (e) theme extraction (Groenewald,
2004). The objective of the reduction phase is to minimize the researcher’s influence on
the data collection process by setting aside the researcher’s presuppositions (Groenewald,
2004). Referring to Yin (2018), the researcher may avoid biases by acknowledging them
towards the phenomenon under study. The objective of the delineation phase is to extract
the relevant information from each interview into different categories (Groenewald,
2004). In the clusterization phase, the researcher combines related categories to create

themes. The objective of the validation phase is to perform a validity check with the
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participants on the core synthesis of each associated interview (Groenewald, 2004). In the
theme extraction phase, the researcher creates a summary of the extracted themes from all
interviews. In this doctoral research, I followed the method provided by Groenewald
(2004) while using NVivo for detailed data analysis. I identified the predetermined
themes in my doctoral research as strategic change and its interrelated factors, which
were my study's conceptual design components. The predetermined themes were (a)
strategic change, (b) environmental assessment, (c) required resources, (d) linking
strategic and operational changes, (e) leading change, and (f) overall coherence
(Pettigrew & Whipp, 1993; Sminia, 2021). I determined the final themes after performing
data analysis for my doctoral research.
Reliability and Validity

Referring to Morse (2015), the rigor of qualitative research is dependent on
reliability and validity, achievable through truthfulness, integrity, and credibility of the
study. Evaluation of the qualitative research includes evaluation of (a) dependability, (b)
credibility, (c) transferability, and (d) confirmability (Erlingsson & Brysiewicz, 2013). In
quantitative research, internal and external validities are essential (Lewis, 2015).
Considering my research was qualitative, internal and external validities were not
relevant.
Reliability

In reliable research, future researchers should reach the same findings if
replicating the study (Cypress, 2017; Yin, 2018). Using multiple data sources should be

an enhancement to the reliability of the case study (Ridder, 2017). To improve the



60

reliability of qualitative research, the researcher should document the steps and
procedures applied in the research (Morse, 2015). An interview protocol providing a
procedural guide in conducting the interviews may result in improvement of the
reliability (Gesch-Karamanlidis, 2015). Dependability is achievable through precise
documentation of data collection and organization processes, as well as member checking
of the analyzed data for participants’ feedback (Frels & Onwuegbuzie, 2013).

In my doctoral study, I applied several methods to ensure readers’ ability to
monitor and verify the reliability of the overall research. The first method was collecting
data from interviews with participants, reviewing public documents of the participating
companies, and receiving feedback on the interview transcripts from the participants. The
second method was a frequent reassessment of the research notes using critical and
reflective thinking to minimize the introduction of bias into the study. The third method
was tracking the collected data from different sources to demonstrate data management,
coding, categorization, and analysis in a detailed log.

Validity
Credibility

Referring to Fusch and Ness (2015), the trustworthiness of the researcher’s
conclusions could be the identifier of the research credibility. The recording of the
interview is an assurance of the data transcription accuracy (Yin, 2018). During the
interview, the researcher may paraphrase the participants' responses to ensure
understanding through reflexive analysis (Ibrahim & Edgley, 2015). After the interview

transcription, the participants will have the opportunity to verify their responses to
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improve credibility (Fusch & Ness, 2015). The use of triangulation may be helpful in

addressing the gap in the collected data, increasing data saturation (Erlingsson &
Brysiewicz, 2013). I applied reflexive analysis, voice recording, member checking, and
data triangulation to assure the credibility of my research.
Transferability

Transferability is the ability to transfer a phenomenon at a specific condition to
other similar conditions (Noble & Smith, 2015). Referring to Leung (2015), the
assessment of the transferability of the research may be achievable through constant
comparison, auditing, and documentation. A researcher should equip readers with a
detailed description of the study to provide the readers with the ability to evaluate the
transferability of the research (Morse, 2015). I maintained a journal during the interview
and the data collection process to allow readers to assess my study's transferability.
Confirmability

Referring to Ibrahim and Edgley (2015), the researcher may demonstrate the
confirmability of the research with an unbiased, objective approach. Ibrahim and Edgley
(2015) suggested track-keeping of the interviewer’s thoughts during the data collection
process to identify possible biases. Data collection through multiple data sources could
result in improvement of data confirmability through triangulation (Denzin, 2012). 1
ensured my research's confirmability through data triangulation and writing my personal
biases and preconceived notions in a reflexive journal.

In a qualitative study, data saturation is an indicator of the research accuracy,

validity, and confirmability (Fusch & Ness, 2015). The authors confirm data saturation
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when new data, themes, and codes stop emerging, and the replication of the study
becomes achievable. In a case study, the researcher explores different data sources within
the case study's parameters to assure data saturation (Yin, 2018). There is a direct
connection between data triangulation and data saturation (Fusch & Ness, 2015).
Transition and Summary

In Section 2, I restated the purpose statement for this qualitative multiple case
study in exploring successful strategies that some leaders in the oil and gas industry used
to implement advanced digitalization. Section 2 also contained the role of the researcher,
the participants, the research method and design, the population and sampling, the data
collection instruments, the data collection technique, and the data organization technique.
Besides, I included the strategy and tools for ensuring an ethical, reliable, and valid
research study. I prepared Section 3 after conducting my study. Section 3 contains the
study’s findings and conclusions with their implications for social change. I have also

provided recommendations for further studies.
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Section 3: Application to Professional Practice and Implications for Change
Introduction

The purpose of this qualitative multiple case study was to explore successful
strategies some leaders in the oil and gas industry used to implement advanced
digitalization. All research participants considered advanced digitalization the way
forward in the oil and gas industry. They also predicted fast progress of advanced
digitalization in the oil and gas industry in the next few years. [ administered seven
semistructured interviews in a relaxed environment for the participants to receive detailed
responses to the seven interview questions (see Appendix A). Through a combination of
interview data, a review of publicly available documents, a comprehensive literature
review, and a conceptual framework, I identified the strategies used by participants for
the successful implementation of advanced digitalization in the oil and gas industry.
Analysis of the results revealed six themes: (a) successful advanced digitalization
strategies divided into content or what, process or how, and context or where for strategic
change; (b) environmental assessment divided into regulatory, economic, and industrial;
(c) resources divided into the structure, process, and people; (d) linking strategic and
operational changes divided into potential benefits and potential challenges; (¢) leading
advanced digitalization change focused on the indicators; and (f) overall coherence of
advanced digitalization divided into adoption and requirements. The results of this study
support Pettigrew and Whipp’s (1993) dimensions of strategic change conceptual
framework. In the following section of this report, I have confirmed the relation between

the themes described and extracted from the data collected and the conceptual
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framework.
Presentation of the Findings

The overarching research question was “What successful advanced digitalization
strategies can leaders in the oil and gas industry use to implement digitalization?” I
examined this question through the lens of Pettigrew and Whipp’s dimensions of strategic
change (1993) conceptual framework. Seven advanced digitalization leaders from two oil
service companies participated in the study. I conducted data analysis through thematic
analysis and coding of the transcribed interviews. The researcher can identify trends or
common themes through thematic analysis of qualitative data that provides valuable
knowledge about the research question (Moira & Brid, 2017). The six emergent themes
for the upstream oil and gas were (a) advanced digitalization strategies, including what,
how, and where; (b) environmental assessment including regulatory, economic, and
industrial; (c) resources including structure, process, and people; (d) linking strategical
and operational changes; (e) leading change; and (f) overall coherence. Pettigrew and
Whipp’s dimensions of strategic change align with the findings, existing literature, and
themes.

It is worth considering that all participants were involved in upstream and
specifically drilling from two oil service companies instead of the previously planned one
oil company and one oil service company. Therefore, this section mainly focuses on
upstream from the oil service companies’ perspective. Even though I had invited
potential participants from oil companies to the interviews, they did not participate in this

study due to the tightness of the oil and gas industry in sharing data, especially for oil
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companies. Regardless of no participation from oil companies, I still collected as much
data as possible regarding the oil companies’ perspective on advanced digitalization in
interviewing the oil service company participants. I asked interviewees to answer the
interview questions from the perspectives of an oil service company as well as an oil
company, given the close collaboration and understanding between oil companies and oil
service companies in developing and implementing advanced digitalization solutions.
With this approach, there may be some valuable findings for the oil companies as well as
the oil service companies in this study. I have presented the word cloud of frequency
query results from interviews in Figure 1.

Figure 1

Word Cloud of Frequency Query Result from the Interviews

O3

Emergent Theme 1: Advanced Digitalization Strategies
The first theme that emerged from the data collection process was the advanced

digitalization strategies (see Table 4). The strategies shared by the participants covered
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the dimension of strategic change, including content (what), process (how), and context
(where). The participants explained what strategies they used and how and where they
used them. Analyzing the participants’ responses entered into NVivo 12 made it evident
that the participants regarded the advanced digitalization strategies as a top priority in the
advanced digitalization journey. Table 4 shows the frequency of participants’ comments
concerning advanced digitalization strategies. Table 5 is a detailed review of the findings
broken down into the dimensions of advanced digitalization strategies: what, how, and
where. I provide detailed subcategories under each dimension of advanced digitalization
strategies, the number of times each subcategory came up, and the number of participants
referred to each subcategory during the interviews. The number of participants discussed
each of the subcategories was more than one, showing data saturation.

Table 4

Emergent Theme 1: Number of Times Advanced Digitalization Strategies Discussed

Interview Participant Number of Times the Theme Percentage of Contribution to
Emerged in the Interview Emergent Theme
P10SC1 30 14%
P20SC1 23 11%
P30SC1 36 17%
P40SC1 25 12%
P10SC2 30 14%
P20SC2 26 12%
P30SC2 46 21%

Total 216 100%
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Dl Sobtsorics

digitalization subcategory subcategory subcategory

strategies emerged emergence

What Goal of Advanced 9 7 4%
Digitalization

What Dynamic Nature / Journey / 9 6 4%
Fast-Changing Landscape

What Focus on Customers' Priorities 5 2%

What Multi-Stakeholder 8 7 4%
Envolvement

What Internal versus External 5 2%

What Data-Centric 9 4%

What Digital Platform, Software, 10 6 5%
Cloud

What Implementation / Management 11 7 5%
of Change / Top-Down or
Bottom-Up

What Success Criteria 9 7 4%

What Adoption (Internal versus 7 3%
External)

How Learning from Other Industries 8 4 4%
/ Using Available Tools

How Fit-for-Purpose / Scalable 3%

How Full Customer Involvement 6 3%
(Engagement / Partnership)

How Focused on Users / User- 7 4 3%
Interface Centric

How Agility in Addressing 6 4 3%
Requirements and Feedbacks

How Transparency with User if User 4 3 2%
Replacement by Digital
Planned

How Full Organization Commitment 3 3 1%
/ Reinforcement for Digital

How Adopt Digital Mindset 4 2%

How Integration / Removing Silos 3%
between Stakeholders for
Seamless Flow

How Thorough Advanced Digital 6 5 3%
Introduction to Users

How Expandable Open Advanced 6 5 3%
Digital Solution for All
Stakeholders

(table continues)
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Dimensions  Subcategories 4 of times # of participants % of
of advanced referred to
R subcategory subcategory
digitalization subcategory
. emerged emergence

strategies

How Open Mindset and Flexibility 6 5 3%
with Advanced Digital
Solutions

How Support Users during 6 6 3%
Application of Advanced
Digital Solution for Smooth
Transitioning

How Training / Education / 12 6 6%
Communication on Advanced
Digital Solution

How The capture of Existing 4 4 2%
Workflows in Advanced
Digital Solution

How Continuous Improvement of 8 6 4%
Advanced Digital Strategy and
Solution

Where Upstream / Drilling / Oil 7 7 3%
Service Company

Where Early Stage / Infancy of 7 7 3%
Advanced Digital

Where With Customers Receptive / 3 3 1%
Cooperative / Believer in
Advanced Digital

Where In Collaboration with 9 7 4%
Stakeholders for
Interoperability of Solution

Where In COVID-19 Pandemic 8 7 4%

Total 216 7 100%
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Emergent Theme 2: Environment Assessment

The second theme that emerged from the data collection process was the
environmental assessment, including regulatory, economic, and industrial. Analyzing the
participants’ responses entered into NVivo 12, the importance of environmental
assessment was evident. Table 6 shows the frequency of participants’ comments
concerning environmental assessment. Table 7 is a detailed review of the findings broken
down into categories of environmental assessment: economic, industrial, and regulatory. I
provide detailed subcategories under the category of environmental assessment, the
number of times each subcategory came up, and the number of participants referred to
each subcategory during the interviews. The number of participants discussed each
subcategory was more than one, showing data saturation.
Table 6

Emergent Theme 2: Number of Times Environmental Assessment Discussed

Interview Participant Number of Times the Theme Percentage of Contribution to
Emerged in the Interview Emergent Theme
P10SC1 15 16%
P20SC1 12 13%
P30SC1 12 13%
P40OSCl1 19 21%
P10SC2 11 12%
P20SC2 13 14%
P30SC2 10 11%

Total 92 100%
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Environmental Subcategories # of times # of participants % of

assessment subcategory referred to subcategory

categories emerged subcategory emergence

Economic Covid - Capex Constrained 5 4 5%

Industrial Data Management - Restricted 10 5 11%
Data-Sharing / Restricted
Processes

Industrial Digital Era - Increase in 11 7 12%
Adoption of Advanced
Digitalization

Industrial Existence of Legacy Business 7 5 8%
Systems and Technologies

Industrial Digital Era - Advanced 7 5 8%
Digital Infancy in Oil and Gas
Industry

Industrial Cloud - Open Platform for 9 6 10%
Leveraging Data

Industrial Progress in Big Data / Data 5 3 5%
Lakes

Industrial High Risk Industry - Health / 4 3 4%
Safety / Environment

Industrial Complicated Multi- 13 7 14%
Stakeholder Environment
Lacking Integration

Industrial Heavily Operated by 3 3 3%
Hardwares - Drilling Rigs,
Drilling Tools

Industrial Oil and Gas Industry with 2 2 2%
Aging Population,
Approaching Its Expiry Date

Regulatory Lack of Regulations - 4 3 4%
Cybersecurity, and Intellectual
Property Ownership

Regulatory Unfavorable Regulations - 6 5 7%
Data Residency

Regulatory Covid - Requirement to Work 6 4 7%
Remotely

Total 92 7 100%
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Emergent Theme 3: Advanced Digitalization Resources

The third theme that emerged from the data collection process was required
resources for advanced digitalization consisting of structure, process, and people.
Analyzing the participants' responses entered into NVivo 12, the required resources for
advanced digitalization were evident. Table 8 is about the frequency of participants’
comments concerning advanced digitalization resources. Table 9 is a detailed review of
the findings broken down into categories of advanced digitalization resources: structure,
process, and people. I have provided detailed subcategories under the category of
advanced digitalization resources, the number of times each subcategory came up, and
the number of participants referred to each subcategory during the interviews. The
number of participants discussed each subcategory was more than one, showing data
saturation.
Table 8

Emergent Theme 3: Number of Times Advanced Digitalization Resources Discussed

Interview Participant Number of Times the Theme Percentage of Contribution to
Emerged in the Interview Emergent Theme
P10OSC1 8 15%
P20SC1 9 17%
P30SC1 6 11%
P40SC1 8 15%
P10SC2 11 21%
P20SC2 5 9%,
P30SC2 6 11%

Total 53 100%
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Advanced
digitalization
resources
categories

Subcategories 4 of times

subcategory
emerged

# of participants
referred to
subcategory

%of
subcategory
emergence

People

Experts for Development, 7
Implementation, and

Support Teams (In-House

or Outsourced)

6

13%

People

Advanced Digitalization 5
Adopters and Users (Oil

Companies, Drilling

Contractors, etc)

9%

People / Process

Education and Training of 7
Workforce on Advanced

Digital (In-House or

Outsourced)

13%

Process

Advanced Digitalization 5
Capital Investment / Budget

9%

Process

Advanced Digitalization 7
Compatible Regulations

and Standards

(Cybersecurity, Data

Residency, etc)

13%

Process

Advanced Digitalization 8
Roadmap / Implementation

Plan / KPIs / Incentives /
Communications

15%

Structure

Advanced Digitalization 8
Platform (Cloud, Software,

Storage Capacity,

Bandwidth, etc) (Owned or
Outsourced)

15%

Structure

Advanced Digital 6
Compatible Rigs and Tools

11%

Total

53

100%
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Emergent Theme 4: Linking Strategic and Operational Changes of Advanced

Digitalization

The fourth theme that emerged from the data collection process was linking
strategic and operational changes through potential benefits and challenges of advanced
digitalization. I have summarized the analysis of the participants' responses entered into
NVivo 12 related to linking strategic and operational changes of advanced digitalization
in Table 10 and Table 11. Table 10 is about the frequency of participants’ comments
concerning Theme 4. Table 11 is a detailed review of the findings broken down into
categories linking strategic and operational changes of advanced digitalization: potential
benefits and challenges. I have provided detailed subcategories of potential benefits and
challenges under Theme 4, the number of times each subcategory came up, and the
number of participants referred to each subcategory during the interviews. The number of
participants discussed each subcategory was more than one, showing data saturation.
Table 10

Emergent Theme 4: Number of Times Linking Strategic and Operational Changes
Discussed

Interview Participant Number of Times the Theme Percentage of Contribution to
Emerged in the Interview Emergent Theme
P10SC1 18 14%
P20SC1 19 15%
P30SC1 20 16%
P40SC1 23 18%
P10SC2 14 11%
P20SC2 15 12%
P30SC2 17 13%

Total 126 100%
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Environmental — Subcategories # of times # of participants % of
assessment subcategory referred to subcategory
categories emerged subcategory emergence
Potential Improved Performance, 7 5 6%
Benefit Improved Efficiency
Potential Reduced Cost of $/ft or 5 4 4%
Benefit Reduced Cost of $/bbl of Qil
Potential Covid - Advanced 6 4 5%
Benefit Digitalization Facilitated

Working Remotely
Potential Visibility (Real-Time) 3 3 2%
Benefit through connectivity,

Leveraging Expertise for

Decision Making
Potential Procedural Adherence, 5 4 4%
Benefit Consistency in Results

(Sustainability),

Standardization
Potential Reduction of Safety Risks 4 2 3%
Benefit and Environmental Risks
Potential Difficulty Measuring 5 4 4%
Challenge Effectiveness of Advanced

Digital / Lack of Agreed

Indicators
Potential Human Resistance in shifting 14 6 11%
Challenge from Manual or Legacy

Technology to Digital
Potential Lack of Relevant Standards 6 4 5%
Challenge for Advanced Digitalization

in the Oil and Gas Industry
Potential Existence of Regulations 5 5 4%
Challenge Slowing Advanced

Digitalization (Data

Residency)
Potential Industry Closeness in Data / 18 7 14%
Challenge Process Sharing among

Stakeholders, Lack of

Integration
Potential Covid - Capex Constrained 4 3 3%
Challenge

(table continues)
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Environmental — Subcategories # of times # of participants % of
assessment subcategory referred to subcategory
categories emerged subcategory emergence
Potential Requirement of Fit-for- 9 6 7%
Challenge Purpose Solution - No

Universal Solution
Potential Setting the Expectation of 3 3 2%
Challenge Customers and Users on

Advanced Digital
Potential Dynamic, Fast-Evolving 5 5 4%
Challenge Environment with Advanced

Digitalization
Potential Developing / Training 10 6 8%
Challenge Workforce / Customers for

Advanced Digitalization

Competency
Potential Existence of Drilling Rigs 3 3 2%
Challenge and Tools Incompatible with

Advanced Digitalization
Potential Users' Fear of Losing Their 7 7 6%
Challenge Jobs after Advanced

Digitalization
Potential High-Cost Critical Industry - 7 3 6%
Challenge Resistance Against

Disruptive Solutions - Short
Lifetime - Aging Population

Total 92 7 100%
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Emergent Theme S: Leading Advanced Digitalization in the Oil and Gas Industry
The fifth theme from the data collection process was leading the advanced
digitalization change in the oil and gas industry. | have summarized the analysis of the
participants' responses entered into NVivo 12 related to leading the advanced
digitalization change in Table 12 and Table 13. Table 12 is associated with the frequency
of participants’ comments concerning Theme 5. Table 13 is a detailed review of the
findings under the main category: the indicators of leading the change. I have provided
detailed subcategories under Theme 5, the number of times each subcategory came up,
and the number of participants referred to each subcategory during the interviews. The
number of participants discussed each subcategory was more than one, showing data
saturation.
Table 12

Emergent Theme 5: Number of Times Leading Advance Digitalization in the Oil and Gas
Industry Discussed

Interview Participant Number of Times the Theme Percentage of Contribution to
Emerged in the Interview Emergent Theme
P10SCl1 8 13%
P20SC1 11 18%
P30SC1 7 11%
P40SC1 11 18%
P10SC2 9 15%
P20SC2 7 11%
P30SC2 9 15%

Total 62 100%




Table 13

Emergent of Subcategories for Theme 5
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Leading # of times # 9f % of

advanced Subcategories subcategory participants subcategory

digitalization referred to

. emerged emergence

categories subcategory

Indicator Developing Advanced Digital 7 7 11%
Solutions for Internal Use and/or
for Early Adopters

Indicator Training and Development of 7 6 11%
the Workforce and Stakeholders
on Advanced Digital

Indicator Embracement of Advanced 4 4 6%
Digital Internally throughout
Different Organizations

Indicator Building on Other Industries' 7 5 11%
Learnings on Advanced Digital

Indicator Experiencing Resistance 7 6 11%
towards Advanced Digitalization
from Different Stakeholders

Indicator Working Around Unfavorable 11 6 18%
Standards, Regulations, and
siloed Organizations

Indicator Developing Indicators and Track 7 6 11%
Record to Show Benefits of
Advanced Digital

Indicator Dealing with Drilling Rigs and 5 5 8%
Tools Not Fully Compatible
with Advanced Digital

Indicator Addressing Resistance towards 7 5 11%
Change through Management of
Change Process

Total 62 7 100%
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Emergent Theme 6: Overall Coherence of Advanced Digital in the Oil and Gas
Industry

The sixth theme from the data collection process was the overall coherence of
advanced digitalization in the oil and gas industry. [ have summarized the analysis of the
participants' responses entered into NVivo 12 related to the overall coherence of the
advanced digitalization change in Table 14 and Table 15. Table 14 is associated with the
frequency of participants’ comments concerning Theme 6. Table 15 is a detailed review
of the findings broken down into adoption and requirements. I have provided detailed
subcategories under Theme 6, the number of times each subcategory came up, and the
number of participants referred to each subcategory during the interviews. The number of
participants discussed each subcategory was more than one, showing data saturation.
Table 14

Emergent Theme 6. Number of Times Overall Coherence of Advance Digitalization in the
Oil and Gas Industry Discussed

Interview Participant Number of Times the Theme Percentage of Contribution to
Emerged in the Interview Emergent Theme
P10SC1 11 17%
P20SC1 9 14%
P30SC1 8 12%
P40SC1 11 17%
P10SC2 9 14%
P20SC2 10 15%
P30SC2 7 11%

Total 65 100%
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Emergent of Subcategories for Theme 6: Number of Times Different Subcategories for
Theme 6 Emerged in Relation with the Number of Participants Discussed Those

Subcategories

Overall Coherence
of Advanced
Digitalization
Categories

Subcategories

Number of Number of
Times Participants
Subcategory Referred to
Emerged Subcategory

Percentage of
Subcategory
Emergence

Adoption

Substantial Progress of
Advanced Digitalization in
Oil and Gas Industry (Next
5 Years)

7 7 11%

Adoption

New Generation More
Inclined towards Advance
Digitalization

2 2 3%

Requirement

Openness in Safe Data and
Process Sharing with
Stakeholders - Avoiding
Silos

8 6 12%

Requirement

Collaboration and
Integration of the
Stakeholders - Change of
Mindset

3 3 5%

Requirement

Increased Number of
Competent Workforce and
Stakeholders on Advanced
Digital

6 6 9%

Requirement

Continue Training and
Education on Advanced
Digital

8 6 12%

Requirement

Increased Number of
Drilling Rigs and Tools
Compatible with Advanced
Digitalization

5 5 8%

Requirement

Developed Track Record of
Advanced Digitalization
Benefits Through Agreed
Indicators

4 4 6%

Requirement

Mapping Benefits of
Advanced Digital for

7 6 11%
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Overall Coherence . Number of Number of

Subcategories . O Percentage of
of Advanced Times Participants Subcateeo
Digitalization Subcategory Referred to Emer ei crey
Categories Emerged Subcategory &

Different User Categories
Requirement Increased Number of 8 6 12

Standards and Regulations

Compatible with Advanced

Digitalization
Requirement Career Mapping for the 7 6 11

Users after Advanced

Digitalizing - Overcome

Fear of Digital

0

Total 65 7 100%

Applications to Professional Practice

The outcome of this study in implementing advanced digitalization may result in

positive economic benefits while minimizing risks, as analyzed under Theme 4, which

was linking strategic and operational change. Implementation of advanced digitalization

in the upstream oil and gas industry may result in further reliability of operations through

procedural adherence, consistency, sustainability of results, and standardization. Also, in

this study, the importance of standards and regulations compatible with advanced

digitalization has been discussed, which could result in safer data sharing with fewer

cybersecurity vulnerabilities. Additionally, this study may be suitable for further gaining

the trust of the companies in the oil and gas industry for embarking on the advanced

digitalization journey for their upstream operations.
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Implications for Social Change

This study might result in a positive social change by providing more reliable
practices for leaders performing advanced digitalization operations in the oil and gas
industry. The findings of this study could be suitable for expediting the transformation of
the oil and gas industry, resulting in more job opportunities for residents of the
communities. The lower the cost of the services, the more opportunities for drilling more
wells, which may result in increased work opportunities. This study may result in more
local financial stability through strengthened business activities, improving human or
social conditions by promoting the community's worth, dignity, and development. This
study could lead to enhanced local lifestyles and the well-being of local communities,
stimulating economic prosperity.

Recommendations for Action

The purpose of this qualitative multiple case study was to explore successful
strategies some leaders in the oil and gas industry used to implement advanced
digitalization. There were six themes in the research findings. The recommendation in
action is related to the cruciality of having a strategy for migration to advanced
digitalization. There could be changes to the strategy over time. Therefore, the oil and gas
digital leaders must keep an open mind for fine-tuning the initial strategy. The oil and gas
industry leaders at different stages of the digitalization process, planning, execution, and
evaluation, could explore the findings of this study for their successful migration to
digital oil and gas. The results of this study indicated that the benefits of advanced

digitalization are evident. At the same time, the robust statistics quantifying the benefits
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are not yet fully available, considering the digital recency in the oil and gas industry.
While the benefits are not quantified, the challenges of advanced digitalization are real.
The companies should have the right strategy for a successful migration to digital.

The findings of this study are potentially invaluable to the oil and gas industry
leaders, learning from the success of the early adopters of advanced digitalization in the
oil and gas sector. Rose and Flynn (2018) explained that researchers must disseminate
research findings to influence policies and managerial practices. This study will later be
reviewed by scholars, leaders, and students in the ProQuest database. I will also provide
all participants with a summary of the findings and recommendations. If needed, I will
also be willing to discuss the results at conferences and forums. I will publish a journal
article on this study to reach other people interested in this doctoral study.

Recommendations for Further Research

Greener (2018) explained that the researcher could use limitations to identify and
recommend future research topics. Referring to Tortorella et al. (2020), the companies
should get involved in creating, retaining, and transferring the knowledge related to
Industry 4.0 technologies within their organizations to remain competitive. Advanced
digitalization is essential in today’s world for every industry. The findings of this study
could result in further research, especially considering the recency of advanced
digitalization in the oil and gas industry, restricting the availability of potential
participants for the interview process holding sharable information. Furthermore, data
confidentiality in the oil and gas industry corporations has been a traditional roadblock,

affecting the research outcome in this domain.
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This research was limited to the oil and gas companies with successful advanced
digitalization strategies in North America. Even though the plan was to interview
participants from both oil service companies and oil companies, I did not manage to
secure interviews with the oil company participants regardless of lengthy and intense
follow-ups. The lack of interviews with oil company participants limited the study and
restricted the transferability of the findings. I recommend expanding this study with the
inclusion of participants from oil companies. Future researchers could include
participants from more extensive geography than only North America. The sample size
for this study was adequate to attain saturation.

Future researchers may refer to this study's emergent themes to identify additional
research areas. Additional research may be possible by applying different conceptual
frameworks, theories, methodologies, and designs to gather and analyze participant data
on successful advanced digitalization strategies in the oil and gas industry. Finally,
potential researchers may explore the inverse of this study and analyze unsuccessful
strategies in advanced digitalization in the oil and gas industry.

Reflections

The Doctor of Business Administration (DBA) program at Walden University has
improved my time management, persistence, self-discipline, and focus. While achieving a
doctorate's high academic expectations is demanding, it nurtures perseverance,
dedication, and tenacity. Through my doctoral study, I have acquired considerable
knowledge of digitalization in different industries, primarily focusing on the oil and gas

industry. I found the importance of the right strategies for successfully implementing
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advanced digitalization in the oil and gas industry. It has been challenging to stay away
from biases with my experience in the oil and gas industry. Throughout the doctoral
study, I learned to open-mindedly focus on the participant’s point of view. I am fully
aware that the effect of knowledge sharing in facilitating faster learning is significant.
Therefore, I consider all challenges during the research process, mainly due to
information-sharing complications in the oil and gas industry, worthwhile. I remain
grateful for the seven digitalization leaders who shared their successful advanced
digitalization strategies for this research. Regardless of their busy work schedules, the
participants joined this research without personal prejudices or preconceived values. |
believe the learning experience throughout this doctoral study will be helpful for me on
the way forward as a scholar-researcher. I remain motivated with the desire to extend my
research after the completion of this program.
Conclusion

I used a qualitative multiple case study to explore the successful strategies some
oil and gas industry leaders used to implement advanced digitalization. For this research,
I interviewed seven digitalization leaders in the US oil and gas service companies with
successful digitalization strategies. I also collected data using methodological
triangulation until reaching data saturation. Data analysis consisted of NVivo 12,
recorded transcripts, and member checking to confirm the participants' accurate
responses. This study resulted in a list of successful strategies for implementing advanced
digitalization in the upstream oil and gas industry, along with the proper implementation

process and related requirements. This study showed that advanced digitalization is the
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future for the oil and gas industry, like many other industries. The transformation journey
has started in the industry, and it is expected to see an acceleration in the progress of
advanced digitalization. The findings may also help create more jobs by lowering the cost
of provided services and the cost per barrel of oil produced. There could be more interest
in drilling more wells if the costs are lower than in the past. The findings of this study
may foster positive social change by creating more jobs and making companies more

resilient in the face of industry downturns.



86

References

Aberg, C., & Torchia, M. (2019). Do boards of directors foster strategic change? A
dynamic managerial capabilities perspective. Journal of Management and
Governance, 1-30. https://doi.org/10.1007/s10997-019-09462-4

Abernethy, M. A., Dekker, H. C., & Grafton, J. (2021). The influence of performance
measurement on the processual dynamics of strategic change. Management
Science, 67(1), 640—659. https://doi.org/10.1287/mnsc.2019.3442

Acemoglu, D., & Restrepo, P. (2018). The race between man and machine: Implications
of technology for growth, factor shares, and employment. American Economic
Review, 108(6), 1488—1542. https://doi.org/10.3386/w22252

Adegboye, M. A., Fung, W. K., & Karnik, A. (2019). Recent advances in pipeline
monitoring and oil leakage detection technologies: principles and
approaches. Sensors, 19(11), 1-36. https://doi.org/10.3390/s19112548

Alcacer, V., & Cruz-Machado, V. (2019). Scanning the industry 4.0: A literature review
on technologies for manufacturing systems. Engineering Science and Technology,
an International Journal, 22(3), 899-919.
https://doi.org/10.1016/j.jestch.2019.01.006

Alexander, A., McGill, M., Tarasova, A., Ferreira, C., & Zurkiya, D. (2019). Scanning
the future of medical imaging. Journal of the American College of

Radiology, 16(4), 501-507. https://doi.org/10.1016/j.jacr.2018.09.050



87
Alexandrova, T. V., & Prudsky, V. G. (2019). On the conceptual model of oil and gas

business transformation in the transitional conditions to the Industry 4.0. Scientific
papers of the University of Pardubice. Series D, Faculty of Economics and
Administration, 46, 5-17.

Allmon, E., Carter, G., Griffitt, R., & Sepulveda, M. S. (2022). Oil induced cardiac
effects in embryonic sheepshead minnows, Cyprinodon
variegatus. Chemosphere, 288.
https://doi.org/10.1016/j.chemosphere.2021.132482

Algahtani, A. Y., Gupta, S. M., & Nakashima, K. (2019). Warranty and maintenance
analysis of sensor embedded products using Internet of Things in industry
4.0. International Journal of Production Economics, 208, 483—499.
https://doi.org/10.1016/j.ijpe.2018.12.022

Anisi, D. A., & Skourup, C. (2012). A step-wise approach to oil and gas robotics. I[FAC
Proceedings Volumes, 45(8), 47-52. https://doi.org/10.3182/20120531-2-NO-
4020.00022

Ansari, F., Erol, S., & Sihn, W. (2018). Rethinking human-machine learning in industry
4.0: how does the paradigm shift treat the role of human learning?. Procedia
Manufacturing, 23, 117-122. https://doi.org/10.1016/j.promfg.2018.04.003

Antwi, S. K., & Hamza, K. (2015). Qualitative and quantitative research paradigms in
business research: A philosophical reflection. European Journal of Business &

Management, 7(3), 217-225.



88
ARGOS challenge: building tomorrow’s oil and gas robot. (2017, December 5). Total.

Retrieved July 04, 2020, from https://www.total.com/dossiers/argos-challenge-
building-tomorrows-oil-and-gas-robot

Arsel, Z. (2017). Asking questions with reflexive focus: A tutorial on designing and
conducting interviews. Journal of Consumer Research, 44(4), 939-948.
https://doi.org/10.1093/jcr/ucx096

Bagirov, M., & Mateus, C. (2019). Oil prices, stock markets, and firm performance:
Evidence from Europe. International Review of Economics & Finance, 61, 270—
288. https://doi.org/10.1016/].iref.2019.02.007

Baker, J. (2016). The purpose, process, and methods of writing a literature review. AORN
Journal, 103(3), 265-269. https://doi.org/10.1016/j.a0rn.2016.01.016

Bakon, K., Holczinger, T., & Jasko, S. (2022). Production flow of customized products in
a digital factory. Procedia Computer Science, 200, 1201-1208.
https://doi.org/10.1016/j.procs.2022.01.320

Barro, S., & Davenport, T. H. (2019). People and machines: Partners in innovation. MIT
Sloan Management Review, 60(4), 22-28.

Basak, S., Baumers, M., Holweg, M., Hague, R., & Tuck, C. (2022). Reducing
production losses in additive manufacturing using overall equipment
effectiveness. Additive Manufacturing, 56.

https://doi.org/10.1016/j.addma.2022.102904



89
Baskarada, S., Watson, J., & Cromarty, J. (2017). Balancing transactional and

transformational leadership. International Journal of Organizational
Analysis, 25(3), 506-515. https://doi.org/10.1108/ijoa-02-2016-0978

Baumeister, C., & Hamilton, J. D. (2019). Structural interpretation of vector
autoregressions with incomplete identification: Revisiting the role of oil supply
and demand shocks. American Economic Review, 109(5), 1873—1910.
https://doi.org/10.1257/aer.20151569

Baumeister, C., & Kilian, L. (2016). Forty years of oil price fluctuations: Why the price
of oil may still surprise us? Journal of Economic Perspectives, 30(1), 139—-160.
https://doi.org/pdfplus/10.1086/684160

Baumeister, C., Kilian, L., & Zhou, X. (2018). Is the discretionary income effect of oil
price shocks a hoax?. The Energy Journal, 39(1).
https://doi.org/10.5547/01956574.39.si2.cbau

Bekhet, A. K., & Zauszniewski, J. A. (2012). Methodological triangulation: An approach
to understanding data. Nurse Researcher, 20(2), 40—43.
https://doi.org/10.7748/nr2012.11.20.2.40.c9442

Bevan, M. (2014). A method of phenomenological interviewing. Qualitative Health
Research, 24(1), 136—144. https://doi.org/10.1177/1049732313519710

Brakewood, B., & Poldrack, R. A. (2013). The ethics of secondary data analysis:
Considering the application of Belmont principles to the sharing of neuroimaging
data. Neurolmage, 82, 671-676.

https://doi.org/10.1016/j.neuroimage.2013.02.040



90
Biichi, G., Cugno, M., & Castagnoli, R. (2020). Smart factory performance and Industry

4.0. Technological Forecasting and Social Change, 150.
https://doi.org/10.1016/j.techfore.2019.119790

Caldara, D., Cavallo, M., & lacoviello, M. (2019). Oil price elasticities and oil price
fluctuations. Journal of Monetary Economics, 103, 1-20.
https://doi.org/10.1016/j.jmoneco.2018.08.004

Casares, A. P. (2018). The brain of the future and the viability of democratic governance:
The role of artificial intelligence, cognitive machines, and viable systems.
Futures, 103, 5-16. https://doi.org/10.1016/j.futures.2018.05.002

Castillo-Montoya, M. (2016). Preparing for interview research: The interview protocol
refinement framework. The Qualitative Report, 21(5), 811-831.

Cedetio, J. V., Papinniemi, J., Hannola, L., & Donoghue, I. (2018). Developing smart
services by Internet of Things in manufacturing business. LogForum, 14(1), 59—
71. https://doi.org/10.17270/j.10g.2018.268

Celestina, C., Midwood, J., Sherriff, S., Trengove, S., Hunt, J., Tang, C., Sale, P., &
Franks, A. (2018). Crop yield responses to surface and subsoil applications of
poultry litter and inorganic fertiliser in south-eastern Australia. Crop and Pasture
Science, 69(3), 303-316. https://doi.org/10.1071/cp17439

Chen, H., Stavinoha, S., Walker, M., Zhang, B., & Fuhlbrigge, T. (2014). Opportunities
and challenges of robotics and automation in offshore oil and gas
industry. Intelligent Control and Automation, 5(3), 136—145.

https://doi.org/10.4236/ica.2014.53016



91
Chiumento, A., Rahman, A., Frith, L., Snider, L., & Tol, W. A. (2017). Ethical standards

for mental health and psychosocial support research in emergencies: Review of
literature and current debates. Globalization and Health, 13(1), 1-19.
https://doi.org/10.1186/s12992-017-0231-y

Cronin, C. (2014). Using case study research as a rigorous form of inquiry. Nurse
Researcher, 21(5), 19-27. https://doi.org/10.7748/nr.21.5.19.1240

Connelly, L. M. (2014). Understanding case studies. Medsurg Nursing, 23(6), 422—-424.

Cypress, B. S. (2017). Rigor or reliability and validity in qualitative research:
Perspectives, strategies, reconceptualization, and recommendations. Dimensions
of Critical Care Nursing, 36(4), 253-263.
https://doi.org/10.1097/DCC.0000000000000253

Dachs, B., Kinkel, S., & Jager, A. (2019). Bringing it all back home? Backshoring of
manufacturing activities and the adoption of Industry 4.0 technologies. Journal of
World Business, 54(6), 101017. https://doi.org/10.1016/j.jwb.2019.101017

Dalenogare, L. S., Benitez, G. B., Ayala, N. F., & Frank, A. G. (2018). The expected
contribution of Industry 4.0 technologies for industrial performance. International
Journal of Production Economics, 204, 383—-394.
https://doi.org/10.1016/;.1jpe.2018.08.019

Danielsson, O., Holm, M., & Syberfeldt, A. (2020). Augmented reality smart glasses for
operators in production: Survey of relevant categories for supporting
operators. Procedia CIRP, 93, 1298—1303.

https://doi.org/10.1016/j.procir.2020.04.099



92
Deif, A., & Vivek, T. (2022). Understanding Al Application Dynamics in Oil and Gas

Supply Chain Management and Development: A Location Perspective. HighTech
and Innovation Journal, 3, 1-14. https://doi.org/10.28991/HI1J-SP2022-03-01

Delicato, F. C., Al-Anbuky, A., Kevin, I., & Wang, K. (2020). Smart cyber-physical
systems: Toward pervasive intelligence systems. Future Generation Computer
Systems, 107, 1134-1139. https://doi.org/10.1016/j.future.2019.06.031

Denzin, N. K. (2012). Triangulation 2.0. Journal of Mixed Methods Research, 6(2), 80—
88. https://doi.org/10.1177/1558689812437186

Dev, N. K., Shankar, R., & Qaiser, F. H. (2020). Industry 4.0 and circular economy:
Operational excellence for sustainable reverse supply chain performance.
Resources, Conservation and Recycling, 153, 104583.
https://doi.org/10.1016/j.resconrec.2019.104583

Dhanpat, N., Buthelezi, Z. P., Joe, M. R., Maphela, T. V., & Shongwe, N. (2020).
Industry 4.0: The role of human resource professionals. SA Journal of Human
Resource Management, 18(1), 1-11. https://doi.org/10.4102/sajhrm.v1810.1302

Doody, O., & Noonan, M. (2013). Preparing and conducting interviews to collect data.
Nurse Researcher, 20(5), 28-32. https://doi.org/10.7748/NR2013.05.20.5.28.e327

Dutta, V., Choras, M., Pawlicki, M., & Kozik, R. (2020). Detection of Cyberattacks
Traces in loT Data. Journal of Universal Computer Science, 26(11), 1422—1434.

https://doi.org/10.3897/jucs.2020.075



93

Eriksson, Y., & Fundin, A. (2018). Visual management for a dynamic strategic
change. Journal of Organizational Change Management. 31(3), 712-727.
https://doi.org/10.1108/jocm-05-2016-0103

Erlingsson, C., & Brysiewicz, P. (2013). Orientation among multiple truths: An
introduction to qualitative research. African Journal of Emergency Medicine, 3(2),
92-99. https://doi.org/10.1016/j.afjem.2012.04.005

Etz, K. E., & Arroyo, J. A. (2015). Small sample research: Considerations beyond
statistical power. Prevention Science, 16, 1033-1036.
https://doi.org/10.1007/s11121-015-0585-4

Fan, A. (2013). “The test is reliable,” “The test is valid”: Language use, unconscious
assumptions, and education research practice. The Asia-Pacific Education
Researcher, 22(2), 217-218. https://doi.org/10.1007/s40299-012-0036-y

Fataliyev, T., & Mehdiyev, S. (2020). Industry 4.0: the oil and gas sector security and
personal data protection. International Journal of Engineering and
Manufacturing, 10(2), 1-14. https://doi.org/10.5815/1jem.2020.02.01

Fatorachian, H., & Kazemi, H. (2018). A critical investigation of Industry 4.0 in
manufacturing: theoretical operationalisation framework. Production Planning &
Control, 29(8), 633—644. https://doi.org/10.1080/09537287.2018.1424960

Fettermann, D. C., Cavalcante, C. G. S., Almeida, T. D. D., & Tortorella, G. L. (2018).
How does Industry 4.0 contribute to operations management? Journal of
Industrial and Production Engineering, 35(4), 255-268.

https://doi.org/10.1080/21681015.2018.1462863



94

Fletcher, G. (2017). Accommodating conflicting realities: The messy practice of ethical
(self) regulation. International Journal of Social Research Methodology, 20(3),
275-284. https://doi.org/10.1080/13645579.2017.1287873

Fraga-Lamas, P., Ferndndez-Caramés, T. M., Blanco-Novoa, 0., & Vilar-Montesinos, M.
A. (2018). A review on industrial augmented reality systems for the industry 4.0
shipyard. /leee Access, 6, 13358—13375.
https://doi.org/10.1109/access.2018.2808326

Frank, A. G., Dalenogare, L. S., & Ayala, N. F. (2019). Industry 4.0 technologies:
Implementation patterns in manufacturing companies. International Journal of
Production Economics, 210, 15-26. https://doi.org/10.1016/}.ijpe.2019.01.004

Frels, R. K., & Onwuegbuzie, A. J. (2013). Administering quantitative instruments with
qualitative interviews: A mixed research approach. Journal of Counseling &
Development, 91(2), 184—194. https://doi.org/10.1002/j.1556-6676.2013.00085.x

Friesen, P., Kearns, L., Redman, B., & Caplan, A. L. (2017). Rethinking the Belmont
report? The American Journal of Bioethics, 17(7), 15-21.
https://doi.org/10.1080/15265161.2017.1329482

Fusch, P., & Ness, L. (2015). Are we there yet? Data saturation in qualitative research.
The Qualitative Report, 20(9), 1408—1416.

Galli, B. J. (2018). Change management models: A comparative analysis and
concerns. IEEE Engineering Management Review, 46(3), 124—132.

https://doi.org/10.1109/emr.2018.2866860



95
Garrido-Hidalgo, C., Olivares, T., Ramirez, F. J., & Roda-Sanchez, L. (2019). An end-to-

end Internet of Things solution for reverse supply chain management in Industry
4.0. Computers in Industry, 112, 103127.
https://doi.org/10.1016/j.compind.2019.103127

Gesch-Karamanlidis, E. (2015). Reflecting on Novice Qualitative Interviewer
Mistakes. Qualitative Report, 20(5). 712-726. https://doi.org/10.46743/2160-
3715/2015.2145

Ghobakhloo, M., & Fathi, M. (2019). Corporate survival in Industry 4.0 era: the enabling
role of lean-digitized manufacturing. Journal of Manufacturing Technology
Management, 31(1), 1-30. https://doi.org/10.1108/jmtm-11-2018-0417

Grant, A. (2014). Troubling ‘lived experience’: A post-structural critique of mental health
nursing qualitative research assumptions. Journal of Psychiatric and Mental
Health Nursing, 21(6), 544-549. https://doi.org/10.1111/jpm.12113

Greener, S. (2018). Research limitations: the need for honesty and common sense.
Interactive Learning Environments, 26, 567-568.
https://doi.org/10.1080/10494820.2018.1486785

Groenewald, T. (2004). A phenomenological research design illustrated. International
Journal of Qualitative Methods, 3(1), 42-55.

Hajjaj, S., & Khalid, 1. (2018). Design and development of an inspection robot for oil and
gas applications. International Journal of Engineering & Technology, 7(4.35), 5—

10. https://doi.org/10.14419/ijet.v7i14.35.22310



96
Hammoudi, S., Aliouat, Z., & Harous, S. (2018). Challenges and research directions for

Internet of Things. Telecommunication Systems, 67(2), 367-385.
https://doi.org/10.1007/s11235-017-0343-y

Herrera, A. M., Karaki, M. B., & Rangaraju, S. K. (2019). Oil price shocks and US
economic activity. Energy Policy. 129, 89-99.
https://doi.org/10.1016/j.enpol.2019.02.011

Herrera, A. M., & Rangaraju, S. K. (2019). The effect of oil supply shocks on US
economic activity: What have we learned? Journal of Applied Econometrics,
35(2), 141-159. https://doi.org/10.2139/ssrn.3170422

Hofmann, E., Sternberg, H., Chen, H., Pflaum, A., & Prockl, G. (2019). Supply chain
management and Industry 4.0: Conducting research in the digital age.
International Journal of Physical Distribution & Logistics Management, 49(10),
945-955. https://doi.org/10.1108/ijpdlm-11-2019-399

Horvéath, D., & Szabo, R. Z. (2019). Driving forces and barriers of Industry 4.0: Do
multinational and small and medium-sized companies have equal opportunities?
Technological Forecasting and Social Change, 146, 119-132.
https://doi.org/10.1016/j.techfore.2019.05.021

Huang, X., Qin, Z., & Liu, H. (2018). A survey on power grid cybersecurity: From
component-wise vulnerability assessment to system-wide impact analysis. /EEE

Access, 6, 69023—-69035. https://doi.org/10.1109/ACCESS.2018.2879996



97
Ibrahim, N., & Edgley, A. (2015). Embedding researcher’s reflexive accounts within the

analysis of a semistructured qualitative interview. Qualitative Report, 20(10),
1671-1681.

Ibrahimov, B. (2018). A cost-oriented robot for the oil and gas industry. IFFAC-
PapersOnLine, 51(30), 204-209. https://doi.org/10.1016/j.ifacol.2018.11.287

Ingold, T. (2014). That’s enough about ethnography! HAU: Journal of Ethnographic
Theory, 4(1), 383-395. https://doi.org/10.14318/hau4.1.021

Jarrahi, M. H. (2018). Artificial intelligence and the future of work: Human-Al symbiosis
in organizational decision making. Business Horizons, 61(4), 577-586.
https://doi.org/10.1016/j.bushor.2018.03.007

Jelinek, M. (1993). Managing change for competitive success. Academy of Management
Review, 18(3), 572-576. https://doi.org/10.5465/AMR.1993.9309035152

Jiang, R., Kleer, R., & Piller, F. T. (2017). Predicting the future of additive
manufacturing: A Delphi study on economic and societal implications of 3D
printing for 2030. Technological Forecasting and Social Change, 117, 84-97.
https://doi.org/10.1016/j.techfore.2017.01.006

Katsirikou, A., & Lin, C. S. (2017). Revealing the essence of things: Using
phenomenology in LIS research. Qualitative and Quantitative Methods in
Libraries, 2(4), 469—-478.

Kbah, Z., Erdil, N. O., & Aqglan, F. (2020). Risk Assessment in Oil and Gas Industry
Using Simulation and Bow-Tie Analysis. International Journal of Industrial

Engineering, 27(1), 110—123.



98

Khan, S. N. (2014). Qualitative research method: Grounded theory. Infernational Journal
of Business and Management, 9(11), 224-233.
https://doi.org/10.5539/ijbm.v9n11p224

Khan, S. R. (2018). Reinventing capitalism to address automation: Sharing work to
secure employment and income. Competition & Change, 22(4), 343-362.
https://doi.org/10.1177/1024529418783579

Kilian, L. (2022). Understanding the estimation of oil demand and oil supply
elasticities. Energy Economics, 107, 105844.
https://doi.org/10.1016/j.enec0.2022.105973

Kilian, L., & Zhou, X. (2018). Modeling fluctuations in the global demand for
commodities. Journal of International Money and Finance, 88, 54-78.
https://doi.org/10.1016/j.jimonfin.2018.07.001

Klarare, A., Lind, S., Hansson, J., Fossum, B., Fiirst, C. J., & Hagelin, C. L. (2020).
Leadership in specialist palliative home care teams: A qualitative study. Journal
of Nursing Management, 28(1), 102—111. https://doi.org/10.1111/jonm.12902

Kleer, R., & Piller, F. T. (2019). Local manufacturing and structural shifts in competition:
Market dynamics of additive manufacturing. International Journal of Production
Economics, 216, 23-34. https://doi.org/10.1016/].ijpe.2019.04.019

Korstjens, 1., & Moser, A. (2017). Series: Practical guidance to qualitative research. Part
2: Context, research questions, and designs. European Journal of General

Practice, 23(1), 274-279. https://doi.org/10.1080/13814788.2017.1375090



99
Lafferty, C. (2019). Sustainable internet-of-things-based manufacturing systems: Industry

4.0 wireless networks, advanced digitalization, and big data-driven smart
production. Economics, Management, and Financial Markets, 14(4). 16-22.
https://doi.org/10.22381/emfm14420192

Le Roux, C. S. (2016). Exploring rigour in autoethnographic research. International
Journal of Social Research Methodology, 20(2), 195-207.
https://doi.org/10.1080/13645579.2016.1140965

Leung, L. (2015). Validity, reliability, and generalizability in qualitative research.
Journal of Family Medicine and Primary Care, 4(3), 324-327.
https://doi.org/10.4103/2249-4863.161306

Lewis, S. (2015). Qualitative inquiry and research design: Choosing among five
approaches. Health Promotion Practice, 16(4), 473-475.
https://doi.org/10.1177/152483991558094 1

Li, P, Dai, Y., & Li, H. (2017). A Design of Intelligent Routing Inspection Underwater
Robot Facing Marine Oil and Gas Pipelines. DEStech Transactions on Computer
Science and Engineering. https://doi.org/10.12783/dtcse/icmsie2017/18803

Liao, Y., Deschamps, F., Loures, E. D. F. R., & Ramos, L. F. P. (2017). Past, present, and
future of Industry 4.0 - A systematic literature review and research agenda
proposal. International journal of production research, 55(12), 3609-3629.

https://doi.org/10.1080/00207543.2017.1308576



100
Liboni, L. B., Cezarino, L. O., Jabbour, C. J. C., Oliveira, B. G., & Stefanelli, N. O.

(2019). Smart industry and the pathways to HRM 4.0: Implications for SCM.
Supply Chain Management: An International Journal, 24(1), 124-146.
https://doi.org/10.1108/ SCM-03-2018-0150

Liu, B., & De Giovanni, P. (2019). Green process innovation through Industry 4.0
technologies and supply chain coordination. Annals of Operations Research, 1—
36. https://doi.org/10.1007/s10479-019-03498-3

Lodhi, M. F. K. (2016). Quality issues in higher education: The role of methodological
triangulation in enhancing the quality of a doctoral thesis. Journal of Research in
Social Sciences, 4(1), 62-74.

Lu, H., Guo, L., Azimi, M., & Huang, K. (2019a). Oil and Gas 4.0 era: A systematic
review and outlook. Computers in Industry, 111, 68-90.
https://doi.org/10.1016/j.compind.2019.06.007

Lu, H., Huang, K., Azimi, M., & Guo, L. (2019b). Blockchain technology in the oil and
gas industry: A review of applications, opportunities, challenges, and risks. /JEEE
Access, 7, 41426-41444. https://doi.org/10.1109/access.2019.2907695

Lupicka, A., & Grzybowska, K. (2018). Key managerial competencies for industry 4.0-
practitioners’, researchers’ and students’ opinions. Logistics and Transport, 3(39),
39-46. https://doi.org/10.26480/icemi.01.2017.250.253

Ma, Y., Xia, H., Fu, J., & Yang, P. (2015). A new design of automatic vertical drilling

tool. Petroleum, 1(3), 264-268. https://doi.org/10.1016/j.petlm.2015.09.002



101
Malogon-Maldonado, G. (2014). Qualitative research in health design. HERD: Health

Environments Research & Design Journal, 7(4), 120-134.
https://doi.org/10.1177/193758671400700411

Mannay, D., & Morgan, M. (2015). Doing ethnography or apply a qualitative technique?
Reflections from the waiting field. Qualitative Research, 15(2), 166—182.
https://doi.org/10.1177/1468794113517391

Maramwidze-Merrison, E. (2016). Innovative methodologies in qualitative research:
Social media window for accessing organisational elites for interviews. Electronic
Journal of Business Research Methods, 14(2), 157-167.

Marshall, C., & Rossman, G. B. (2016). Designing qualitative research (6th ed.). Sage.

McKim, C. A. (2017). The value of mixed methods research: A mixed methods
study. Journal of Mixed Methods Research, 11(2), 202-222.
https://doi.org/10.1177/1558689815607096

Meibner, D. W., Schmatz, M. S., Beub, D. 1., Sender, D. W., Flugge, I. W., & Gorr, D. K.
(2018). Smart human-robot collaboration in mechanical joining processes.
Procedia Manufacturing, 24, 264-270.
https://doi.org/10.1016/j.promfg.2018.06.029

Moeuf, A., Lamouri, S., Pellerin, R., Tamayo-Giraldo, S., Tobon-Valencia, E., & Eburdy,
R. (2020). Identification of critical success factors, risks, and opportunities of
Industry 4.0 in SMEs. International Journal of Production Research, 58(5),

1384-1400. https://doi.org/10.1080/00207543.2019.1636323



102
Merriaux, P., Dupuis, Y., Boutteau, R., Vasseur, P., & Savatier, X. (2018). Robust robot

localization in a complex oil and gas industrial environment. Journal of Field
Robotics, 35(2), 213-230. https://doi.org/10.1002/rob.21735

Mogos, F. M., Eleftheriadis, R. J., & Myklebust, O. (2019). Enablers and inhibitors of
Industry 4.0: results from a survey of industrial companies in Norway. Procedia
CIRP, 81, 624-629. https://doi.org/10.1016/j.procir.2019.03.166

Moira, M., & Brid, D. (2017). Doing a thematic analysis: A practical, step-by-step guide
for learning and teaching scholars. A/l Ireland Journal of Teaching & Learning in
Higher Education, 8(335), 1-14.

Morse, J. (2015). Critical analysis of strategies for determining rigor in qualitative
inquiry. Qualitative Health Research, 25(9), 1212—-1222.
https://doi.org/10.1177/1049732315588501

Miiller, J., & Kunisch, S. (2018). Central perspectives and debates in strategic change
research. International Journal of Management Reviews, 20(2), 457-482.
https://doi.org/10.1111/ijmr.12141

National Commission for the Protection of Human Subjects of Biomedical and
Behavioral Research. (1979). The Belmont Report: Ethical principles and
guidelines for the protection of human subjects of research. Washington, DC:
U.S. Department of Health and Human Services.

Naudé¢, W. (2018). Brilliant technologies and brave entrepreneurs: A new narrative for

African Manufacturing. Journal of International Affairs, 72(1), 143—158.



103
Newell, R. G., & Prest, B. C. (2019). The unconventional oil supply boom: Aggregate

price response from microdata. The Energy Journal, 40(3), 1-30.
https://doi.org/10.5547/01956574.40.3.rnew

Nguyen, D. (2018). The university in a world of digital technologies: Tensions and
challenges. Australasian Marketing Journal (AMJ), 26(2), 79-82.
https://doi.org/10.1016/j.ausm;.2018.05.012

Nguyen, G. T., Liaw, S. Y., Augustin, J. L. P. M., & Vu, H. T. (2021). Factors
Influencing Cloud Computing Adoption-Compared Review and A 4-M
Recommendation. Journal of Future Internet, 4(1), 1-19.
https://doi.org/10.18488/journal.102.2021.41.1.19

Nica, E. (2018). Will robots take the jobs of human workers? Disruptive technologies that
may bring about jobless growth and enduring mass unemployment.
Psychosociological Issues in Human Resource Management, 6(2), 56—61.
https://doi.org/10.22381/pihrm6220184

Noble, H., & Smith, J. (2015). Issues of validity and reliability in qualitative research.
Evidence-Based Nursing, 18(1), 34-35. https://doi.org/10.1136/eb-2015-102054

Oliveira, T., Martins, R., Sarker, S., Thomas, M., & Popovi¢, A. (2019). Understanding
SaaS adoption: The moderating impact of the environment context. /nternational
Journal of Information Management, 49, 1-12.

https://doi.org/10.1016/;.1jinfomgt.2019.02.009



104
Palinkas, L. A., Horwitz, S. M., Green, C. A., Wisdom, J. P., Duan, N., & Hoagwood, K.

(2015). Purposeful sampling for qualitative data collection and analysis in mixed
method implementation research. Administration and Policy in Mental Health and
Mental Health Services Research, 42(5), 533-544.

Palmarini, R., Erkoyuncu, J. A., Roy, R., & Torabmostaedi, H. (2018). A systematic
review of augmented reality applications in maintenance. Robotics and Computer-
Integrated Manufacturing, 49, 215-228.
https://doi.org/10.1016/j.rcim.2017.06.002

Pang, Z., Yang, G., Khedri, R., & Zhang, Y. T. (2018). Introduction to the special
section: Convergence of automation technology, biomedical engineering, and
health informatics toward the healthcare 4.0. IEEE Reviews in Biomedical
Engineering, 11,249-259. https://doi.org/10.1109/RBME.2018.2848518

Patton, M. Q. (2015). Qualitative research and evaluation methods (4th ed.). Sage.

Peskova, D. R., Khodkovskaya, Y., & Nazarov, M. A. (2019). The driver of development
and transformation of global oil and gas business in digital economy’s conditions.
SHS Web of Conferences, 62, 03005.
https://doi.org/10.1051/shsconf/20196203005

Pettigrew, A., & Whipp, R. (1993). Managing change for competitive success. Basil
Blackwell.

Pilloni, V. (2018). How data will transform industrial processes: Crowdsensing,
crowdsourcing, and big data as pillars of industry 4.0? Future Internet, 10(3), 24—

38. https://doi.org/10.3390/f110030024



105
Pinkston, F. W. M., & Flemings, P. B. (2019). Overpressure at the Macondo Well and its

impact on the Deepwater Horizon blowout. Scientific reports, 9(1), 1-11.
https://doi.org/10.1038/s41598-019-42496-0

Prest, B. C. (2018). Explanations for the 2014 oil price decline: Supply or
demand? Energy Economics, 74, 63-75.
https://doi.org/10.1016/j.eneco.2018.05.029

Qi, Q., & Tao, F. (2018). Digital twin and big data towards smart manufacturing and
industry 4.0: 360-degree comparison. /[EEE Access, 6, 3585-3593.
https://doi.org/10.1109/access.2018.2793265

Rabbani, F., Lalji, S. N., Abbas, F., Jaftri, S. W., Razzak, J. A., Nabi, N., Jahan, F., Ajmal,
A., Petzold, M., Brommels, M., & Tomson, G. (2011). Understanding the context
of balanced scorecard implementation: A hospital-based case study in Pakistan.
Implementation Science, 6(31), 1-14. https://doi.org/10.1186/1748-5908-6-31

Rana, G., & Sharma, R. (2019). Emerging human resource management practices in
industry 4.0. Strategic HR Review, 18(4), 176—181. https://doi.org/10.1108/ SHR-
01-2019-0003

Ranney, M. L., Meisel, Z. F., Choo, E. K., Garro, A. C., Sasson, C., & Morrow Guthrie,
K. (2015). Interview-based qualitative research in emergency care part II: Data
collection, analysis and results reporting. Academic Emergency Medicine, 22(9),

1103—1112. https://doi.org/10.1111/acem.12735



106
Rayna, T., & Striukova, L. (2021). Assessing the effect of 3D printing technologies on

entrepreneurship: An exploratory study. Technological Forecasting and Social
Change, 164, 120483. https://doi.org/10.1016/j.techfore.2020.120483

Rémouit, F., Chatzigiannakou, M. A., Bender, A., Temiz, 1., Sundberg, J., & Engstrom, J.
(2018). Deployment and maintenance of wave energy converters at the Lysekil
research site: A comparative study on the use of divers and remotely-operated
vehicles. Journal of Marine Science and Engineering, 6(2), 1-21.
https://doi.org/10.3390/jmse6020039

Ridder, H. (2017). The theory contribution of case study research designs. Business
Research, 10(2), 281-305. https://doi.org/10.1007/s40685-017-0045-z

Rodgers, M. L., Takeshita, R., & Griffitt, R. J. (2018). Deepwater Horizon oil alone and
in conjunction with Vibrio Anguillarum exposure modulates immune response
and growth in red snapper (Lutjanus Campechanus). Aquatic Toxicology, 204,
91-99. https://doi.org/10.1016/j.aquatox.2018.09.002

Rose, C., & Flynn, C. (2018). Animating social work research findings: A case study of
research dissemination to benefit marginalized young people. Visual
Communication, 17(1), 25-26. https://doi.org/10.1177/1470357217727677

Runfola, A., Perna, A., Baraldi, E., & Gregori, G. L. (2017). The use of qualitative case
studies in top business and management journals: A quantitative analysis of recent
patterns. European Management Journal, 35(1), 116—127.

https://doi.org/10.1016/j.emj.2016.04.001



107
Rutberg, S., & Bouikidis, C. D. (2018). Focusing on the fundamentals: A simplistic

differentiation between qualitative and quantitative research. Nephrology Nursing
Journal, 45(2), 209-213.

Salkin, C., Oner, M., Ustundag, A., & Cevikcan, E. (2018). Industry 4.0: Managing the
digital transformation. Springer, Cham.

Saunders, M., Lewis, P., & Thornhill, A. (2016). Research methods for business students
(7th ed.). Essex, Pearson Education.

Saunders, M. N., & Townsend, K. (2016). Reporting and justifying the number of
interview participants in organization and workplace research. British Journal of
Management, 27(4), 836—852. https://doi.org/10.1111/1467-8551.12182

Seitz, S. (2015). Pixilated partnerships, overcoming obstacles in qualitative interviews via
Skype: A research note. Qualitative Research, 16(2), 229-235.
https://doi.org/10.1177/1468794115577011

Serafin, J., Guffey, S. C., Bosker, T., Griffitt, R. J., De Guise, S., Perkins, C., Szuter, M.,
Sepulveda, M. S. (2019). Combined effects of salinity, temperature, hypoxia, and
Deepwater Horizon oil on Fundulus Grandis larvae. Ecotoxicology and
Environmental Safety, 181, 106—113.
https://doi.org/10.1016/j.ecoenv.2019.05.059

Sezer, O. B., Dogdu, E., & Ozbayoglu, A. M. (2018). Context-aware computing,
learning, and big data in Internet of Things: A survey. IEEE Internet of Things

Journal, 5(1), 1-27. https://doi.org/10.1109/ji0t.2017.2773600



108
Shukla, A., & Karki, H. (2016a). Application of robotics in offshore oil and gas

industry—A review Part 1. Robotics and Autonomous Systems, 75, 490-507.
https://doi.org/10.1016/j.robot.2015.09.012

Shukla, A., & Karki, H. (2016b). Application of robotics in offshore oil and gas
industry—A review Part II. Robotics and Autonomous Systems, 75, 508-524.
https://doi.org/10.1016/j.robot.2015.09.013

Sminia, H. (2016). Pioneering process research: Andrew Pettigrew’s contribution to
management scholarship, 1962 2014. International Journal of Management
Reviews, 18(2), 111-132. https://doi.org/10.1111/ijmr.12063

Sminia, H. (2021). Andrew M. Pettigrew: A groundbreaking process scholar. The
Palgrave Handbook of Organizational Change Thinkers, 1341-1357.
https://doi.org/10.1007/978-3-030-38324-4 53

Skopik, F., Settanni, G., & Fiedler, R. (2016). A problem shared is a problem halved: A
survey on the dimensions of collective cyber defense through security information
sharing. Computers & Security, 60, 154—176.
https://doi.org/10.1016/j.cose.2016.04.003

Soderlund, J., & Pemsel, S. (2022). Changing times for digitalization: The multiple roles
of temporal shifts in enabling organizational change. Human Relations, 75(5),
871-902. https://doi.org/10.1177/0018726721991623

Stergiopoulos, G., Gritzalis, D. A., & Limnaios, E. (2020). Cyber-attacks on the oil & gas
sector: A survey on incident assessment and attack patterns. /EEE Access, 8,

128440—128475. https://doi.org/10.1109/access.2020.3007960



109
Stetler, C. B., Ritchie, J., Rycroft-Malone, J., Schultz, A., & Charns, M. (2007).

Improving quality of care through routine, successful implementation of
evidence-based practice at the bedside: an organizational case study protocol
using the Pettigrew and Whipp model of strategic change. Implementation
Science, 2(1), 3-20. https://doi.org/10.1186/1748-5908-2-3

Stetler, C. B., Ritchie, J. A., Rycroft-Malone, J., Schultz, A. A., & Charns, M. P. (2009).
Institutionalizing evidence-based practice: an organizational case study using a
model of strategic change. Implementation Science, 4(1), 78-97.
https://doi.org/10.1186/1748-5908-4-78

Stocker, M., Baffes, J., Some, Y. M., Vorisek, D., & Wheeler, C. M. (2018). The 2014—
16 oil price collapse in retrospect: Sources and implications. The World Bank
Policy Research Working Papers. https://doi.org/10.1596/1813-9450-8419

Sweeney, A., Clarke, N., & Higgs, M. (2019). Shared leadership in commercial
organizations: A systematic review of definitions, theoretical frameworks and
organizational outcomes. International Journal of Management Reviews, 21(1),
115-136. https://doi.org/10.1111/ijmr.12181

Tao, F., Cheng, J., Qi, Q., Zhang, M., Zhang, H., & Sui, F. (2018). Digital twin-driven
product design, manufacturing, and service with big data. The International
Journal of Advanced Manufacturing Technology, 94(9-12), 3563-3576.
https://doi.org/10.1007/s00170-017-0233-1

Thune, T., Engen, O. A., & Wicken, O. (2018). Petroleum industry transformations:

Lessons from Norway and beyond. Routledge.



110
Toma, C., & Popa, M. (2018). IoT security approaches in oil & gas solution Industry

4.0. Informatica Economica, 22(3), 46—61.
https://doi.org/10.12948/issn14531305/22.3.2018.05

Tortorella, G. L., Vergara, A. M. C., Garza-Reyes, J. A., & Sawhney, R. (2020).
Organizational learning paths based upon industry 4.0 adoption: An empirical
study with Brazilian manufacturers. International Journal of Production
Economics, 219, 284-294. https://doi.org/10.1016/].ijpe.2019.06.023

Ummel, D., & Achille, M. (2016). How not to let secrets out when conducting qualitative
research with dyads. Qualitative Health Research, 26(6), 807-815.
https://doi.org/10.1177/1049732315627427

Uvhagen, H., von Knorring, M., Hasson, H., OQvretveit, J., & Hansson, J. (2018). Factors
influencing early stage healthcare-academia partnerships. International Journal of
Health Care Quality Assurance, 31(1), 28—40. https://doi.org/10.1108/ijhcqa-11-
2016-0178

Vaismoradi, M., Jones, J., Turunen, H., & Snelgrove, S. (2016). Theme development in
qualitative content analysis and thematic analysis. Journal of Nursing Education
and Practice, 6(5), 100-110. https://doi.org/10.5430/jnep.v6nS5p100

Wanasinghe, T. R., Wroblewski, L., Petersen, B. K., Gosine, R. G., James, L. A., De
Silva, O., Mann, G. K. K.,ff & Warrian, P. J. (2020). Digital twin for the oil and
gas industry: Overview, research trends, opportunities, and challenges. /EEE

Access, 8, 104175-104197. https://doi.org/10.1109/access.2020.2998723



111
Watson, R. (2015). Quantitative research. Nursing Standard, 29(31), 44—48.

https://doi.org/10.7748/ns.29.31.44.e8681

Wiedner, R., Barrett, M., & Oborn, E. (2017). The emergence of change in unexpected
places: Resourcing across organizational practices in strategic change. Academy
of Management Journal, 60(3), 823—854. https://doi.org/10.5465/am;.2014.0474

Wilson, A. D., Onwuegbuzie, A. J., & Manning, L. P. (2016). Using paired depth
interviews to collect qualitative data. The Qualitative Report, 21(9), 1549-1573.

Wilson, C. (2014). Semistructured interviews. Interview Techniques for UX
Practitioners, 1,23-41. https://doi.org/10.1016/b978-0-12-410393-1.00002-8

Woods, M., Paulus, T., Atkins, D. P., & Macklin, R. (2016). Advancing qualitative
research using qualitative data analysis software (QDAS)?: Reviewing potential
versus practice in published studies using ATLAS.ti and NVivo, 1994-2013.
Social Science Computer Review, 34(5), 597-617.
https://doi.org/10.1177/0894439315596311

Xiong, J., Hsiang, E. L., He, Z., Zhan, T., & Wu, S. T. (2021). Augmented reality and
virtual reality displays: emerging technologies and future perspectives. Light:
Science & Applications, 10(1), 1-30. https://doi.org/10.1038/s41377-021-00658-8

Yang, Y. (2018). Regulatory regimes for preventing major accidents in offshore
operations: Evolution of approaches in the United States and China. Georgetown

Environmental Law Review, 31, 339-362.



112

Yilmaz, K. (2013). Comparison of quantitative and qualitative research traditions:
Epistemological, theoretical, and methodological differences. European Journal
of Education, 48(2), 311-325. https://doi.org/10.1111/ejed.12014

Yin, R. K. (2018). Case study research and applications: Design and methods. (6th ed.).
Sage.

Yip, C., Han, N., & Sng, B. (2016). Legal and ethical issues in research. Indian Journal
of Anaesthesia, 60(9), 684—688. https://doi.org/10.4103/0019-5049.190627

Zhang, J. (2017). Research ethics and ethical research: Some observations from the
global south. Journal of Geography in Higher Education, 41(1), 147-154.
https://doi.org/10.1080/03098265.2016.1241985

Zheng, P., Sang, Z., Zhong, R. Y., Liu, Y., Liu, C., Mubarok, K., Yu, S., & Xu, X.
(2018). Smart manufacturing systems for Industry 4.0: Conceptual framework,
scenarios, and future perspectives. Frontiers of Mechanical Engineering, 13(2),
137-150. https://doi.org/10.1007/s11465-018-0499-5

Zuo, W., Venkatraman, R., Song, G., & Chen, Z. (2021). A Novel Design of Mobile
Robotic System for Opening and Transitioning Through a Watertight Ship Door.
2021 IEEE/RSJ International Conference on Intelligent Robots and Systems

(IROS), 1378—-1383. https://doi.org/10.1109/iros51168.2021.9635942



113

Appendix A: Interview Questions
What successful advanced digitalization strategies have you used?
Why do you consider your advanced digitalization strategies effective?
What barriers did you face while advanced digitalizing, and how did you address
them?
What is the percentage of advanced digitalization in your current job, and what
percentage do you think it should be in the next 5 years?
What resources are essential for advanced digitalization?
How do you ensure the commitment of users towards advanced digitalization?
What additional information would you like to add regarding the strategies used for

advanced digitalization?
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Appendix B: Interview Protocol

Location:

Participant:

Date/Time:

A.

= /| o a

0o R = =

Opening and Introduction:
a. Thank you for participating in my doctoral study on “The Implementation of
Advanced Digitalization in the Oil and Gas Industry”.
b. Introduce self to the participant.

c. Main Research question: What successful advanced digitalization strategies can
leaders in the oil and gas industry use to implement advanced digitalization?
Present consent form to the participant, review the contents with the participant and

answer the participant’s questions and concerns.

Collect the participant’s signature on the consent form.

Provide a copy of the consent form to the participant.

Request permission from the participant to turn on the recording device.

Ask interview questions from the participant using Appendix A, and take related
notes.

Consider 60 minutes for responses to the interview questions, including any follow-

up questions.

. Ask interview questions from the participant using Appendix A and take related

notes.

Follow up with additional questions whenever required.

Discuss member checking with participants upon ending the interview questions.
Thank the participant for participating in the interview.

Reassure revision of the relevant contact details for follow-up questions and concerns.

. End protocol.
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