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Abstract 

A Digital Transformation Framework for Biopharma Manufacturing 

By 

Frederick K. Johnson 

Claremont Graduate University: 2022 

 

In the current climate of economic uncertainty and social unrest, biopharmaceutical 

(biopharma) companies face the challenges of changes in consumer behavior, cyber threats, and 

technological advancement. At the same time, their top priorities are global market growth, 

strengthening R&D, and undergoing digital transformation (Dx). Given these developments, 

biopharma organizations must choose a Dx framework as they engage in the digital transformation 

of their businesses in this high-stakes environment. However, there are significant problems with 

existing Dx frameworks. Most models are generalized frameworks designed to sell consulting 

services. Some focus on the enterprise or the manufacturing operations, but not both, and 

emphasize technology over strategies to address patient needs. However, the biggest problem is 

that the most commonly used frameworks are high-level models that need to provide guiding 

pathways for practitioners to follow. This study explores the evolution of the life science industry 

and explicitly addresses the challenges of adopting effective Dx frameworks in the biopharma 

manufacturing sector. Using a design science research (DSR) approach combined with Kumar's 

(2012) seven modes of the design innovation process, the study leverages existing research to 

determine the critical dimensions of any Dx process. After cross-referencing up-to-date research, 

the study offers a novel DSR Dx framework covering the enterprise and manufacturing landscapes 

to provide IT leaders with tools to assist in their Dx process. 
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Chapter 1: Introduction 

Operating within an ever-changing and fast-moving global economy is no easy task, 

especially in the life sciences. The industry comprises businesses and research organizations with 

missions to improve and enhance people’s lives by developing life-saving drugs and treatments.  

The most common life sciences areas include pharmaceuticals, biotechnology, biomedicine, cell 

biology, and biopharmaceuticals (Preclinical, 2021). In recent years, pharmaceuticals, 

biotechnology, and biopharmaceuticals (biopharma) have gained much attention due to the spread 

of numerous infectious diseases. In early 2009, the H1N1 influenza virus, which causes Swine Flu, 

infected over 60 million people and resulted in over 12,000 fatalities in the US alone. Scientists 

warned of an impending pandemic and urged the development of a universal flu vaccine decades 

before the SARS-CoV-2 (i.e., COVID-19 virus) pandemic in the spring of 2020 (Osterholm, 

2007). Even though the COVID-19 virus had a catastrophic impact on the world, it paled compared 

to its predecessors. Figure 1 is a visualization comparing the COVID-19 virus to HIV/AIDS (1981 

to present), the Spanish Flu (1818 to 1819), the Third Plague (1855), Smallpox (1820), and the 

Black Death (1347 to 1351) (LePan & Schell, 2022). 

 

As we reflect on the history of pandemics, several factors have undoubtedly changed as 

human society has evolved. SARS, MERS, Ebola, and Swine Flu proved to be very serious 

infectious diseases in the past twenty years. Any one of these viruses could have signaled an 

extinction-level event (ELE). However, advances in pharmaceuticals, biopharmaceuticals, 

virology, and gene mapping immensely diminished the impact of infectious diseases on the world. 
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Figure 1: LePan and Schell, 2020 - History of Pandemics, www.visualcapitalist.com 
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COVID-19 was no different. Yet, despite the pandemic and other changes in the business 

environment, the life sciences industry is transforming in multiple ways. This study discusses the 

drivers behind these changes by presenting a Dx framework to assist biopharma manufacturing IT 

leaders and practitioners in transforming their manufacturing processes.  

  

1.1 Background 

As a brief preface to understanding the biopharma industry in the wake of the 2020 

COVID-19 pandemic, we must take a few steps back. Manufacturing within a global economy 

seems nearly impossible, given the emergence of disruptive technologies that can unhinge entire 

industries, global markets, and value networks. With disruptive technology and increased 

international competition, manufacturing leaders in the life sciences have sought strategic ways to 

maintain or increase their competitive positions. Although gene therapy and preventive medicine 

still present business opportunities despite the COVID-19 pandemic, the life sciences industry was 

long overdue for disruption (Narain, 2016) 

 

According to Irwin (2021: 4), during the COVID-19 pandemic, biopharma manufacturing 

organizations focused on three “types of COVID-19 vaccine: viral vector; whole virus; and 

messenger RNA (mRNA). mRNA vaccines are made from strands of genetic material that code 

for a protein on the virus that elicits an immune response.” Companies such as Moderna, Johnson 

& Johnson, and AstraZeneca used mRNA-based vaccines and non-replicating viral vectors to 

produce high-efficacy COVID-19 vaccines (Craven, 2021). Manufacturing mRNA-based COVID-

19 vaccines was a relatively simple but highly controlled process; however, manufacturers could 

not produce enough vaccines to supply the exponential demand (Irwin, 2021). Managing drug 
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product volume has generally not been an issue in the pharmaceutical industry since the production 

of blockbuster drugs focused on one disease affecting many people is the norm (Yang, 2020). The 

spread of COVID-19 has changed that. During the pandemic, most biopharma companies 

producing FDA-approved COVID-19 vaccines did not have the business capabilities within their 

manufacturing plants, capacity, or digital ecosystems to meet global demand (Ford, 2020). The 

Global Health Innovation Center at Duke University estimated that 12 billion COVID-19 vaccine 

doses would be needed by the end of 2021 (Irwin, 2021). 

 

As a result, some of the largest names in the pharmaceutical industry, including BioNTech, 

began working together to meet global demand within the drug substance and drug formulation 

space, which included the manufacture of COVID-19 vaccines and the drug product space which 

completed the COVID-19 vaccine fill and packing process (Irwin, 2021). In early 2022, BioNTech 

unveiled an effective solution of small module laboratories to help offset African countries' 

capacity issues. The solution serves as a means to quickly “jump-start” the COVID-19 vaccine 

manufacturing process in parts of the world where the vaccines are most needed (Fletcher, 2022). 

The drug substance and product formulation manufacturing process can be conducted within the 

BioNtainer and packaged through local partnerships. 

 

The BioNtainer addresses two central questions. First, how can biopharma manufacturers 

quickly increase their manufacturing capacity? Second, what innovation is required to produce 

high-quality drug products with short lead times and lower relative costs than their predecessors? 

The BioNTech BioNtainer is, in theory, the answer to both questions. At its core, the BioNtainer 
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is a modular pop-up smart factory and the perfect example of what many of the largest biopharma 

manufacturers plan to accomplish, but on much larger scales across different drug product lines.  

   

1.2 Relevance 

Undoubtedly, manufacturing COVID-19 vaccines is only one part of the equation. The 

pandemic also ushered in a new era within the biopharma sub-sector geared towards preventive 

treatments and cures rather than treating symptoms. The future of medicine sees biopharma 

companies working hand-in-hand with doctors and patients to produce personalized treatments 

(Yang, 2020). The ideal future solution is to build or transform existing facilities into smart 

factories like the BioNtainer. The biomanufacturing plants of the future will be digital and built on 

Pharma 4.0 principles that fully integrate and connect the digital ecosystem of their value chains 

to their shop floor manufacturing processes (Yue, 2020).  

 

At their core, biopharma manufacturing facilities of the future will have intelligent 

operational technology (OT), including Manufacturing Operating Management Systems (MOMS), 

Manufacturing Execution Systems (MES), and Control Systems that leverage automated control 

processes (ACP), process analytical technology (PAT), and other advanced data analytics to 

automate continuous batch process times for vaccines (Hozdić, 20215). PAT and ACP 

technologies are essential to decreasing drug (i.e., vaccine) batch processing times from months to 

days, supporting the promise of Pharma 4.0 (Manufacturing Chemist, 2019). Therefore, if we 

consider the BioNtainer as a pop-up smart factor with the same business capabilities as a 

“connected plant” which can produce high-quality drug products at lower relative costs, then the 

life sciences industry is in a race towards adaptive manufacturing. Figure 5 describes the 
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generalized business capabilities at each plant's digital maturity level, where an adaptive plant is 

fully integrated from supplies to patients (Attonen et al., 2017). 

 

 

Figure 2: Digital Plant Maturity Model (Attonen et al., 2017) 

 

In addition, having ACP and PAT business capabilities is the foundation of Pharma 4.0 

because biomanufacturers plan to move from reactive MOM behavior to predictive and ultimately 

adaptive MOM behavior (Dutton, 2019). It isn't easy to achieve predictive and adaptive 

manufacturing capabilities as it requires transforming the entire business across multiple 

dimensions. Most biopharma manufacturing organizations are betting on Dx and Pharma 4.0 

strategic efforts. By 2022, expenditure or Dx efforts will hit US$2 trillion worldwide, a 60% 

increase in expenditure in 2016 (Menear, 2020). As innovative and proactive as this may seem, IT 

leaders face immense demands, high risks, and formidable obstacles. Organizations face 

challenging questions, such as where the business should start achieving its desired digital maturity 
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level and how the organization will get there. Adopting a Dx framework can answer these 

questions. In practice, a Dx framework provides a governing set of processes, tools, and guidelines 

to map how organizations will achieve higher levels of digital maturity over time. Given its 

importance, selecting which Dx framework to adopt is critical. Therefore, this study addresses IT 

leaders’ and practitioners’ selection problems when determining which factors are important in 

choosing a biopharma manufacturing Dx framework. 

 

1.3 Study Objectives 

As a means to support life-saving pharmaceutical products and personalized treatments, 

this research focuses on conducting a DSR analysis to develop a Dx framework proof of concept 

for biopharma manufacturing.  The proposed DSR artifact will support a Pharma 4.0 Operating 

Model to help transform an organization and allow biopharma IT leaders to achieve their 

organizational priorities while addressing their businesses' challenges.  

 

Moreover, life in a post-pandemic world is highly dependent on the success of biopharma 

companies in digitally transforming their organizations in response to the changing business 

environment, including the prospect of another pandemic. Given this, any functional Dx model 

should span the enterprise and the plant manufacturing operations while addressing the critical 

functional areas, technologies, and business capabilities that support digital maturity. With this in 

mind, this study is broken into three objectives, as shown in Figure 6. 
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Figure 3: Study Objectives Flow 

 

Objective 1: Conduct a DSR Dx analysis that supports the development of a Dx framework proof 

of concept for biopharma manufacturing which (1) places patients and their doctors as the primary 

focus; (2) supports a responsive and efficient supply chain; (3) demonstrates hallmark attributes 

of top Dx frameworks; (4) supports implementing Pharma 4.0 programs and transformations 

across key business dimensions, including resources, information systems, culture, and 

organization and processes; and (5) provides tools, including a strategic road map to guide IT 

leaders and practitioners through the Dx process. 

 

Objective 2: Develop and evaluate a Dx framework by collecting data through an online survey 

of a sample population of biopharma IT leaders and practitioners actively involved in Pharma 4.0 

and Dx activities. This study will evaluate the framework's usefulness (i.e., the artifact’s usability) 

and participants’ intentions to use it. 

 

If the evaluation results demonstrate that respondents find the proposed framework useful and 

provide evidence of their intention for adoption, future research will focus on objective three.  
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Objective 3: Use the collected survey data in future research to (1) develop a Dx adoption 

structural equation model (SEM) specifically for use in biopharma manufacturing; (2) evaluate the 

proposed Dx adoption SEM using the partial least squares (PLS) analysis to determine which 

factors influence biopharma IT leaders' decisions to adopt a framework; (3) introduce a novel Dx 

adoption SEM for biopharma manufacturing with a high explanation of variance in surrounding 

perceived ease of use and ease of use while having high power of prediction of intention to use. 

 

1.4 Chapter Summary 

In summary, understanding the drivers changing the life sciences industry provides a strong 

monetary incentive and business case for biopharma companies worldwide to transform, retool, 

and build smart factor business capabilities that integrate with responsive supply chains for 

increased business agility (Ford, 2020). A Dx framework specifically designed to support Pharma 

4.0 initiatives provides tools and a strategic roadmap for IT leaders and practitioners to follow 

would be an invaluable tool in assisting IT leaders to achieve SmartFactory business capabilities 

and, ultimately, Dx success. 

 

The next chapter will focus on laying the foundation and providing a basis for 

understanding biopharma manufacturing as it relates to the challenges and priorities of the industry 

as a whole. The subsequent sections contrast the differences between Industry 4.0 and Pharma 4.0 

and connect these concepts and principles to the broader context of Dx and, ultimately, to 

manufacturing capabilities. Chapter 2 presents a theoretical literature review that explores the 

biopharma industry's challenges and priorities, including the concepts and principles of Industry 

4.0 and Pharma 4.0, the broad context of Dx, manufacturing capability, and Dx-related work. 
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Chapter 3 presents the research method and discusses the tools, techniques, and procedures used 

to support the study. It also outlines the DSR method and the design evaluation process. Chapter 

4 will introduce the proposed Dx framework and detail the two artifacts the study will evaluate. 

Chapter 5 summarizes the results of the evaluation process conducted in Chapter 3 and provides a 

disposition on the proposed hypotheses. The study concludes in Chapter 6 with a summary of the 

findings, a discussion on the theoretical and practical implications, contributions to the literature, 

and plans for future research.
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Chapter 2: Literature Review  

In biopharma, much of what the public sees as customers or recipients of life-saving 

products and treatments come via a culture focused on scientific innovation rather than customer 

service. For decades, biopharma companies enjoyed substantial profit margins by developing 

drugs, treatments, and therapies that offered few incentives for innovation beyond product 

development (Narain, 2016). Now, however, everything is changing. The current challenge is how 

a company can transition to meet future realities meaning that the biopharma field is experiencing 

nothing short of an evolution. 

 

Monumental innovations and increased competition are apparent across the entire life 

sciences landscape, especially in medical devices and equipment and in biotechnology and its 

subsector, biopharmaceuticals (biopharma), which combines biotechnology and pharmaceuticals 

in the process of product development (CB Insights Research, 2018). Despite fears of product and 

technology disruptions, biopharma organizations worldwide are consolidating, rethinking their 

business models, restructuring, and learning how to leverage informatics and artificial intelligence 

in their drug development processes. The most exciting goals that the industry hopes to reach by 

2024 are (1) creating an outcome-driven, patient-centric corporate culture, (2) transforming from 

mass generalization to mass customization, (3) adapting to new digital ecosystems, and (4) market 

entrants that disrupt healthcare delivery (Yang, 2020). 
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Significant changes are taking place in response to culture, business practices, and 

technology transformations. In the past, the life sciences industry was focused on innovation in 

science, with little regard for innovation in personalized medicines, treatments, and therapies. 

Underlying trends have supported progressive changes in the universal business model to focus on 

“outcome-based health solutions that meet the needs of empowered health consumers” (Ernst & 

Young, 2017:1). 

 

Apple and Amazon pride themselves on their agile business models, flexible work 

environments, and customer-centric approaches to developing new products and services. Big tech 

companies, namely Apple, have forged operating models and organizational structures that make 

innovation a cornerstone of their culture while controlling the entire user experience (Tian, 2022). 

Unlike outdated business models primarily focused on product development, large technology 

companies now operate according to customer-centric business models with corporate surveillance 

capabilities that seamlessly market and conveniently deliver digital products based on individual 

preferences (Foroohar, 2019). Most of us now expect an Amazon- or Apple-like experience as an 

unstated but universal standard. New market entrants are what the biopharma industry fears most. 

“Pharma’s competitive positioning and pricing power will be challenged by new, fast-moving 

market entrants and by the expectations of empowered consumers” (Ernst & Young, 2017:1). 

 

2.1 Challenges and Priorities in the Biopharma Industry 

The experience most people have come to expect from companies such as Apple and 

Amazon involves a complex, evolved, and transparent ecosystem orchestrated by processes and 

technologies rooted in Industry 4.0 concepts and principles. In 2020, the Deloitte Center for Health 
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Solutions (DCHS) surveyed top executives at 60 leading mid-sized biopharma companies. It 

analyzed investment statements for the pharma companies posting the largest revenues from the 

fourth quarter of 2019 to the first quarter of 2020. The survey found that biopharma executives 

saw “changing consumer behavior, cyber threats, and accelerated technology advances as the top 

challenges” and global market growth, strengthening R&D and Dx as the top priorities (Ford, 

2020: 1). The DCHS suggested that biopharma companies are unable to meet the changing 

behaviors and expectations of customers. Respondents supported a more responsive approach to 

market changes, given customer needs.  Future successful biopharma companies will not only use 

technologies to respond to their patient’s unique needs; they will further curate and manage the 

overall digital experience of the patient, seeing them first as customers. 

 

Still, research and development will always comprise the cornerstone of biopharma. A 

solid and viable pipeline must be supported by establishing R&D global markets to maintain 

competitive dominance (Ford, 2020). Several key market factors will undoubtedly change the 

biopharma business over the next two decades, drawing resources away from traditional 

blockbuster drug research (Yang, 2020). The Biopharma business of the future will primarily focus 

on preventive care and early detection, personalized medicine, and curative therapies. In 

preventive care and early detection, the opportunities are immense as genetic sequencing and 

vaccines assist in detecting and curing life-threatening diseases. Personalized medicine provides 

patients with the most effective treatments, with genetic sequencing and testing through which 

medical professionals can determine dosages and drug regimens based on each patient’s genetic 

biomarkers. 
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Curative therapies are, no doubt, the future of medicine overall. Gene editing has given rise 

to gene and cell therapies that can cure and correct genetic diseases. With discoveries in genetics 

and gene editing tools such as CRISPR, augmenting the human genome is now a reality (Nemudryi 

et al., 2014). As society adopts wellness activities that support preventive care, the healthcare 

paradigm is shifting through digital therapeutics. Trends in this area help patients to manage illness 

through wearable devices that provide real-time biofeedback. Doctors and other medical 

professionals can track, monitor, and coach patients on their behavior to help reduce the need for 

prescription medicines. The application of digital therapeutics ranges from prescription dosing to 

clinical research (Yang, 2020). 

 

Precision intervention, whether through robotic surgery, nanotechnology, or printed 

products and engineered organic materials, is at the forefront of the biopharma field (Yang, 2020). 

These biopharma trends require a different but specific business strategy that places patients’ needs 

at the center of any new business biopharma model. Over the next five years, 52% of biopharma 

companies plan to prioritize Dx (Yang, 2020). Therefore, the continued success of any biopharma 

manufacturing organization over the next five-to-ten years depends on (1) drug and product 

development, (2) globalization, and (3) maintaining high levels of business agility.  Strategic 

success is based on building a digitally mature enterprise through a Dx process. As a competitive 

means of ensuring business continuity, smart factories and smart manufacturing provide 

unparalleled capabilities that leverage Industry 4.0 technologies to meet these priorities. 
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2.2 Understanding Industry 4.0 and Pharma 4.0 

Over the years, scholars and futurists have predicted the arrival of highly sophisticated, 

digitally connected, and automated manufacturing entities (ISPE, 2018). Today, these entities are 

known as smart factories, the physical manufacturing assets of smart manufacturing, and the 

processes connected to those assets by specific Industry 4.0 technologies. The primary objective 

of a smart factory is ideally the same as any other factory – to optimize costs. The only difference 

between Henry Ford’s manufacturing plants and the smart factories of today is that Ford used 

money and politics to maximize his manufacturing facilities. 

  

 

Figure 4: Industry 4.0 Technologies and Pharma 4.0 Relationship 

 

In contrast, Figure 7 demonstrates how smart factories take an entirely different approach. Future 

factories will adopt cloud computing, the Internet of Things, data collection, big data, high-speed 

internet, industrial networks, computers, machine modeling, and other automation to improve 

manufacturing efficiency by predicting and adjusting operations (ISPE, 2018). With these 
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capabilities, biopharma manufacturers build digital ecosystems that support efficient and 

responsive supply chains that are agile enough to respond to market trends and changes in 

consumer behavior. This response-based business approach constitutes a significant paradigm 

shift, placing business agility at the center of business continuity (Hugos, 2018). 

 

Without an effective business strategy, it would be overly speculative to predict what will 

happen and how a biopharma organization can succeed (Menear, 2020). Given this, Industry 4.0 

represents an evolution into the Fourth Industrial Revolution, which expands manufacturing 

capabilities by interconnecting islands of technology through the Industrial Internet of Things 

(IIoT). The Fourth Industrial Revolution supports smart manufacturing models by contextualizing 

manufacturing as digital objects that produce and consume real-time data. Many of these systems 

are highly automated and utilize robots, automatic guided vehicles (AGVs), and sensors based on 

the IIoT that provide real-time data collection coupled with predictive and adaptive functions 

(Chen et al., 2018). Industry 4.0 takes manufacturing to a higher level of responsiveness, from 

suppliers to customers. 

 

Industry 4.0 combines people, processes, and technology to increase quality, productivity, 

and profit margins by leveraging real-time data analytics (Markarian, 2018). Many of the biggest 

life science organizations plan to implement Pharma 4.0 programs.  Initiatives like these translate 

into corporate Dx strategies dedicated to increasing manufacturing digital maturity through data 

integrity by design, offering greater capability at enterprise and plant levels (Ford, 2020). The 

differences in Figure 7 place Pharma 4.0 at the center of digital manufacturing strategies regarding 

data integrity and collection, automated process control, pharma analytics, and resource 
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management. At the same time, Industry 4.0 technologies enable the supply chain by connecting 

it to the manufacturing shop floor (ISPE, 2018).  

 

The differences and similarities between the two frameworks stem from the fact that 

Pharma 4.0 is a derivative of Industry 4.0 and is highly tailored to support predictive and adaptive 

manufacturing. In many cases, Pharma 4.0 facilities are deeply rooted in automation that requires 

minimal human interaction. Automated production equipment monitors critical process parameters 

(CPP), essential manufacturing variables that impact product quality. The equipment shares real-

time feedback about its state and status to allow preventive maintenance (Chen et al., 2018).  Value 

comes from practices such as review by exception, automatic batch release, and product lifecycle 

management, achieved through advanced data analytics (Markarian, 2018).  

 

Herein lie the real benefits and incentives driving the adoption of Pharma 4.0 concepts and 

principles in the biopharma industry. As described in Figure 8, the key aims of Pharma 4.0 include 

finding a balance between resources, organization, and process, on the one hand, and information 

systems, on the other, while changing the manufacturing culture through communication and 

decision-making (ISPE, 2018). The real challenge is understanding how any biopharma company 

can transform itself by shifting to a new paradigm based on the current business environment. The 

Pharma 4.0 framework represents a generalized path toward meeting that challenge. The idea is 

that a life sciences company can transform its organization around four dimensions: resources, 

information systems, organization and process, and culture (Ford, 2020). 
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Figure 5: ISPE, 2018 – Pharma 4.0 Digital Maturity Model 

 

However, there is minimal direction on how to achieve, track, or determine the success of 

these dimensions regarding digital maturity, which, in this context, is ideally limited to the 

manufacturing facility, although an enterprise-level transformation is most likely required. The 

central issues regarding resources, digitalization, and whether the future workforce will be 

qualified are new to the biopharma field, although they have already taken hold in other industries. 

The central perspective must include creating agile work environments, networks of teams, and 

paperless workspaces. Companies such as Google and Salesforce have established their foundation 

on collaborative models (CB Insights, 2018). 

 

Likewise, organizational changes and processes support International Council for 

Harmonization (ICH) holistic control strategies and lifecycle management. The key takeaway is 

that Pharma 4.0 will provide much tighter levels of batch processing control than those mandated 
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by the ICH regarding the technical requirements for pharmaceuticals for human use, which will 

define process control standards and lifecycle management (ISPE, 2018). Therefore, what Pharma 

4.0 offers biopharma manufacturing over Industry 4.0 is a more sophisticated means of driving 

efficiency and reducing costs and time while maximizing overall product quality (ISPE, 2021).  

 

Changing an organization's typical top-down culture of communication and decision-

making is no easy task. Hence, if Pharma 4.0 is seen as digital maturity through data integrity by 

design, senior leaders can now access computerized systems that provide visibility and 

transparency to their manufacturing processes (ISPE, 2018). Advanced facilities will not only have 

prediction capabilities; they will also be able to adapt. Shifting to a Pharma 4.0 paradigm is quite 

different from manufacturing plants of the past. Still, manufacturing leaders are better off with a 

company culture that supports power over information, control, and adaptability. 

 

2.3 Digital Maturity Relativity 

Although ‘digital maturity’ is often used when referring to Industry 4.0 and Pharma 4.0, its 

meaning is applied in two different ways. For Pharma 4.0, digital maturity means having 

substantial control of, access to, and visibility over continuous batch manufacturing processes, 

with automation and manufacturing agility (ISP, 2018). The digital maturity of Industry 4.0 is 

much broader, including the control of continuous batch processes, manufacturing operations, the 

enterprise, the supply chain network, and customer responses (Colli, 2019). Digital maturity, in 

this sense, means having the ability across an organization to capitalize and respond quickly to 

changes in the supply chain network. Digital maturity may be similar within each framework, but 

the phrase carries specific meanings across two dimensions. 
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2.4 The Broader Context of Digital Transformation 

By definition, digital maturity addresses an organization's ability to capitalize on market 

fluctuations resulting from changes in consumer tastes and preferences or technological trends. 

The net effect of digital maturity can lead to a company’s rapid evolution based on innovation that 

fosters competitive advantage by establishing deeper connections with customer needs. Dx 

supports adopting and implementing digital technologies designed to transform a business or its 

services by replacing obsolete and ineffective technologies and procedures with new and emerging 

ones (Dilmegani, 2021). The fruits of any Dx are digital maturity and increased business agility, 

ultimately providing a business with enhanced manufacturing capabilities. 

 

2.5 Defining Manufacturing Capabilities 

From a manufacturing perspective, the expected benefits of a Dx strategy are that it will 

enable or enhance specific business and manufacturing capabilities. However, there are many Dx 

models from which business leaders can choose. Many are flexible and address specific areas and 

types of business models; the fundamental difference between Dx models comes down to the 

business application and industry sector. Although most Dx frameworks take a generalized 

approach, frameworks supporting Pharma 4.0 initiatives will incorporate items listed in Table 1: 
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Table 1: Supporting Manufacturing Theories, Concepts, and Principles 

Manufacturing Focus Area Related Theories and Principles Sources 

Supply Chain Management Theories 

 
• Collaborative Manufacturing 

• Responsive Supply Chains 

• (McClellan, 2002) 

• (Hugo, 2018) 

Leading Manufacturing Principles 

 
• Manufacturing Excellence 

• Operational Excellence 

• Manufacturing Operation Management 

• (Tjahjono, 2016), (Hitomi, 1996) 

• Operational Excellence 

• (Filipov & Vasilev, 2016) 

Manufacturing IT Standards  • ANSI/ISA 95 

• ANSI/ISA 88 

• (ISA, 2021) 

• (ISA, 2021) 

MOMS/MES System Architectures • The Seven Lives of MOMS/MES • (Hughes, 2017) 

Pharma 4.0 Concepts and Principles • Digital Transformation 

• Plant Digital Maturity Levels 

• Smart Factories 

• (ISPE, 2021) 

• (ISPE, 2021) 

• (ISPE, 2018) 

 

 

Given the current level of innovation and the importance of change in the biopharma 

industry, IT leaders and practitioners must have a viable Dx framework. This study supports the 

entire Dx journey across a manufacturing enterprise.  

 

2.6 Related Work 

The concept of Dx has a long history, dating back to Claude Shannon’s 1948 article “A 

Mathematical Theory of Communication” (Menear, 2020). Since then, strategy has been placed 

over technology as the key driver, and as a major element of business strategy, Dx is a critical 

driver of growth (Menear, 2020). Nonetheless, this study builds its artifacts on the transformation 

of three areas of business: customer experience, operational processes, and business models 

(Westerman et al., 2014). 
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2.6.1 The Six Dimensions of Digital Transformation 

Bumann and Peter (2019) evaluated 18 Dx and digital maturity models in use during their 

study. They consolidated the key dimensions in each model to support a final overall conceptual 

model. The study compared all 18 models across 26 dimensions. The consolidated results, depicted 

in Figure 9, were based on a 40% threshold, meaning that the dimension had been at least 40% of 

the group total. Therefore, any dimension greater than or equal to 40% was deemed a relativity 

dimension (Bumann & Peter, 2019). Other researchers have used more rigorous methods to 

corroborate their findings despite their simplified research methodology. Morakanyane et al. 

(2020) examined the success factors of a Dx process, exploring the paths that organizations take 

to enable Dx success. Using 10 case studies classified as exemplars, those scholars selected 16 

articles from a group of 89, coded selected case studies with specialized software (NVivo), and 

used the “asking the questions” analytical procedure (Morakanyane et al., 2020). 

 

 

Figure 6: Bumann and Peter, 2018 – Digital Transformation Dimensions and Model 

 



 

 

 23 

Bumann and Peter’s findings suggest that the most frequently occurring dimensions are the 

Dx and maturity models.  Morakanyane et al. (2020) found that classifying the factors and 

subfactors supports Bumann and Peter’s Dx dimensions and model in five of the seven elements 

providing empirical evidence for the validity and relevance of Bumann and Peter’s consolidated 

dimensions. One of the most important factors highlighted by Morakanyane et al. (2020) is the 

determination of the digital trigger related to behavior associated with achieving Dx success. 

 

Gurbaxani and Dunkle (2019) align with Bumann and Peter in three categories. Having 

examined companies operating in different industrial sectors, Bumann and Peter established a 

framework for business leaders to assess their organization's progress based on six critical 

dimensions for Dx success. However, this tool is not as helpful in executing strategies. Another 

notable study is that of Nwaiwu (2018), who provided some ancillary support for comparing and 

evaluating detailed transformation frameworks. Using a credible framework proposed by Kavadias 

et al. (2016), Nwaiwu’s research takes an academic approach to relevance. Although Kavadias et 

al.’s (2016) study are well argued, it focuses more on offering recommendations than on providing 

viable Dx tools to assist IT leaders and practitioners. 

 

The results of Morakanyane et al.’s (2020) research reveal six classified dimensions 

(referred to as factors) and 23 subcategories (referred to as subfactors). Bumann and Peter’s (2019) 

findings suggest that there are most frequently six dimensions to Dx and maturity models. 

Morakanyane et al.’s (2020) key conclusion are that the classification of factors and subfactors 

supports five of the seven factors in Bumann and Peter’s Dx dimensions and model, thus 

empirically validating Bumann and Peter’s consolidated dimensions. One of the most important 
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factors that Morakanyane et al. (2020) bring to light is the determination of the digital trigger, 

which relates to a specific behavior associated with achieving Dx success. 

 

2.6.2 Theory of the Business 

Another approach is to assume that Dx is iterative, as businesses change from the inside 

out. For this process to occur, the business must engage in activity over its life course that allows 

for self-assessment of its needs and environment (Aguilar, 1967). As monitoring or assessment 

processes occur, senior leaders constantly evaluate the strategies in need of change or the business 

areas that no longer support the objectives or continuity of the business, as described by Drucker 

(1994). Drucker’s theory is based on four assumptions. The first is that the “environment of the 

organization: society and its structure, the market, the customer, and technology” are consistent 

with reality (Drucker, 1994: 4). The second is the first assumption that fits together. 

 

2.7 Chapter Summary 

In contrast, the third assumes the theory of the business is widely known throughout the 

organization. The fourth is that “the theory of the business must be constantly tested” (Drucker, 

1994: 5). Although several theories support the use of a scanning process, the view of the business 

is more appropriate as the foundation for the strategic roadmap artifact. Drucker’s theory perfectly 

depicts the iterative and metamorphic approach successful leaders take in transforming their 

businesses (Drucker, 1994). 
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The contents of this chapter serve as the conceptual and theoretical building blocks for the 

design of the proposed Dx framework in Chapter 3. The proposed framework's core is based on 

ISPE Pharma 4.0 principles and concepts. Similarly, Bumann and Peter’s (2019) six dimensions 

of Dx account for the primary activities for Dx success. Finally, Drucker's (1994) theory of 

business offers the last component for putting a guideline and process in place for the continual 

self-assessment of a business and the business environment over the life course of a company. The 

remaining aspects are the outcomes of a successful Dx program, such as plant digital maturity and 

manufacturing capabilities. 

 

 

Chapter 3 presents the overall research methodology, utilizing Männistö’s (2020) 

generalized DSR methodology and Peffers et al.’s (2007) DSRM process model combined with 

Kumar’s (2012) seven modes of the design innovation process. The chapter also outlines the 

DSR guidelines, applies the supporting research reviewed in Chapter 2, defines the artifact 

according to contemporary theory, and discusses the design evaluation process and tools used 

during each phase. 
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Chapter 3: Research Methodology  

Designing and building an innovative Dx framework dedicated to supporting IT leaders 

and practitioners in the biopharma industry is rooted in design research that systematically 

addresses business-related problems, solves design issues, and offers overall utility. The 

methodology used to achieve success in this space combines four leading design methods, design 

science kernel theories, and concepts as the foundation for both the approach and method. 

Therefore, this study's generalized DRS approach follows a solution-oriented path described in 

Figure 10 (Männistö, 2020). 

 

 

Figure 7: Männistö, 2020 – Generalized Design Science Research Approach 

 

This generalized approach has several components supported by leading DSR theories. 

DSR is defined by Hevner et al. (2004: 75) as a design-science paradigm that “seeks to extend the 

boundaries of human and organizational capabilities by creating new and innovative artifacts.” 

The components are defined as follows: 
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• Rationale: The reason or objective behind the proposed research project. 

• Artifact: “Design-science research must produce a viable artifact in the form of a 

construct, a model, a method, or an instantiation” (Hevner et al., 2004: 83). 

• Evaluation (utility): Stakeholders’ value or satisfaction with achieving the desired goal 

(Hevner et al., 2004). 

• Prescription: “A special case of prediction exists where the theory provides a description 

of the method or structure or both for the construction of an artifact (akin to a recipe)” 

(Gregor, 2006: 619). 

 

3.1 Tools, Techniques, and Procedures 

The DSR model (Figure 10) provides the generalized context to Hevner et al.’s (2004) 

design science research guidelines. Therefore, this study proceeds based on principles from DSR 

theories presented by Peffers et al. (2007). Kumar’s (2012) seven modes approach to design 

innovation and Gregor’s (2006) eight components of information systems design theory will 

address the key research problem. These theories, concepts, and principles of design science 

research are presented, and the fundamental approach is defined in Table 2. 
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Table 2: The Research Method Based on Hevner et al.’s (2004) DSR Guidelines 

Hevner et al.’s Guideline Description Selected Method & Description 

Guideline 1:  

Design as an Artifact 

Design-science research must 

produce a viable artifact in the form 

of a construct, a model, a method, or 

an instantiation. 

➔Model & Method: The objective is to develop a 

digital transformation framework that provides a 

model and methods to IT leaders and practitioners 

within the biopharma industry. 

Guideline 2: Problem 

Relevance 

Design-science research aims to 

develop technology-based solutions 

to important and relevant business 

problems. 

➔Relevance: Digital transformation through adopting 

Pharma 4.0 technology is the highest priority in the 

biopharma industry (Ford, 2020). 

Guideline 3: Design 

Evaluation 

The utility, quality, and efficacy of a 

design artifact must be rigorously 

demonstrated via well-executed 

evaluation methods. 

➔Experimental: Using an online survey to evaluate 

the utility of the constructed artifacts based on the 

analysis of the recent Dx theories.   

 

➔Controlled Experiment: Study the artifact in a 

controlled environment for usability (Hevner et al., 

2004). 

Guideline 4: Research 

Contributions 

Effective design-science research 

must provide clear and verifiable 

contributions in the dressing artifact, 

design foundation, and design 

methodologies. 

➔Objective 1: DSR Theory Type: “I Analysis - Says 

what is. The theory does not extend beyond analysis 

and description. No causal relationships among 

phenomena are specified and no predictions are 

made.” (Gregor, 2006). 

Guideline 5: Research 

Rigor 

Design-science research relies upon 

the application of rigorous methods 

in both the construction and 

evaluation of the design artifact. 

➔Peffers et al.’s (2007) DSRM Process Model: As a 

DSR method to construct and evaluate the design 

artifact. 

 

➔Seven Modes of the Design Innovation Process: 

Utilize design innovation process Modes 1–7 to 

support Peffers et al.’s DSRM Process Model 

(Kumar, 2012). 

Guideline 6: Design as a 

Search Process 

The search for an effective artifact 

requires utilizing available means to 

reach desired ends while satisfying 

laws in the problem environment. 

➔Seven Modes of the Design Innovation Process: 

The study will use Kumar’s (2012) Mode 1: Sense 

Intent to design the search process. 

Guideline 7: 

Communication of 

Research 

Design-science research must be 

presented effectively to both 

technology-oriented as well as 

management-oriented audiences. 

➔Functional Framework: The subsequent artifact 

will provide an activity-centered model and a 

method for IT leaders and practitioners within a 

biopharma manufacturing environment (Hevner et 

al., 2004). 

  Source: Hevner et al., 2004 

 

 

Following a DSR approach is the most effective way to achieve this study’s goal of 

providing a functional set of tools within an integrated framework. DSR methodology supports 
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this effort as it performs four key functions: (1) it insists on relevance; (2) it provides methods to 

demonstrate rigor; (3) it defines the key aspects of what constitutes a research contribution; and 

(4) it provides evaluation methods to demonstrate an artifact’s utility (Hevner et al., 2004). 

Following Hevner et al.’s DSR guidelines, the design evaluation method, Gregor’s (2006) 

information systems theory types, and DSR contribution types can help a study meet or exceed 

standards of repeatable and plausible research that contribute to a broader information system 

knowledge base (Gregor, 2006). 

 

3.2 Design Science Research Methodology 

Therefore, a DSR approach is suitable for designing, constructing, and evaluating an 

artifact for its intended use in a business environment. The approach aims to demonstrate 

usefulness by solving specific business-related problems. As previously stated, Hevner et al.’s 

guideline 5, research rigor, suggests applying Peffers et al.’s (2007) DSRM process model as a 

DSR method to construct and evaluate the design artifact (Figure 11). This six-step DSRM process 

model includes (a) non-linear possible research entry points, (b) an interactive approach to 

developing the artifact, (c) supports previous theories, and (d) alignment with Männistö’s (2020) 

DSR approach and Hevner et al.’s (2004) DSR guidelines (Peffers et al., 2007). 
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Figure 8: Peffers et al., 2007 – DSRM Process Model 

 

The study takes an activity-centered design innovation perspective by leveraging Kumar’s 

(2012) seven modes of the design innovation process concerning research rigor. The final DSR 

approach merges Kumar’s design innovation process, modes 1–7, with Peffers et al.’s (2007) 

DSRM process model to create a methodology that simultaneously considers design innovation 

and the DSR process. The novelty of the merger allows for more details and specific references to 

design innovation while following the DSR methodology. While Peffers et al.’s (2007) approach 

is quite useful, Kumar’s (2012) design innovation process adds more levels of flexibility and 

greater detail to each DSR phase dedicated to innovation. 

 

Although there are several DSR methods to select, the Peffers et al. (2007) model aligns 

well with Kumar’s (2012) seven modes of the design innovation process. The result is that each 

innovation mode (1–7) is placed into the Peffers et al. process model, adding instructional depth 

to the DSR guidelines defined in that model. Hevner et al. (2004: 83) guideline 6 suggests that 

“the search for an effective artifact requires utilizing available means to reach desired ends while 
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satisfying laws in the problem environment” when addressing design as a search process. As a 

result, the current study uses Kumar’s seven modes of the design innovation process (Figure 12). 

The entire process begins once both methodologies are merged into one process model. 

 

Figure 9: Kumar, 2012 – Seven Modes of the Design Innovation Process 

 

Mode 1, sense intent, focuses on figuring out where to start. Innovation is the goal, but 

changes across other dimensions must be considered. Mode 2, knowing the context, involves 

understanding the circumstances or events that affect the environment in which the innovation 

offerings (products, services, experiences, brands, etc.) exist or will exist. Mode 3, know people, 

furthers the investigation by strengthening the understanding of end-users and other stakeholders 

involved. Mode 4, frame insights, adds structure to what has been found in the previous three 

research modes. Mode 5 explores concepts and generates ideas using insights and principles 
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framed in the earlier modes. Mode 6, frame solutions, combines concepts resulting from the 

previous mode to form systems of concepts or solutions. Mode 7, realize offerings, involves 

testing, evaluating, and implementing prototypes (Bingham, 2017). 

 

A key aspect of Kumar’s (2012) model is that it takes a design innovation perspective that 

can be interactive or non-linear. In addition to the model’s completeness and flexibility, Kumar’s 

modes are innovative in creating a DSR artifact when aligned with Peffer et al.’s (2007) DSRM 

process model. 

 

 

Figure 10: Modified DSRM Process Model 

 

Figure 13 shows how Kumar’s modes are aligned with Peffers et al.’s DSRM process 

model. The fundamental idea is to conduct a DSR project based on an established model while 

following effective design innovation guidelines with principles that yield meaningful artifacts. 
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3.3 Supporting Research and Theories  

Bumann and Peter’s (2019) consolidated dimensions and the work of Morakanyane et al. 

(2020) and Gurbaxani and Dunkle (2019) underpin the framework of this study and serve as the 

foundation for the key dimensions for the evaluation of Dx success. Other manufacturing concepts, 

principles, and theories also support the construction of the artifacts in this study. Multiple Dx 

dimensions are examined in the framework overview, and the framework supports various 

dimensions of the plant information model and strategy. This study uses the results of three recent 

Dx studies as input for data collection, classification, and cross-referencing, listed in Table 3. 

 

Table 3: Supporting Research and Theories 

Studies Details of Study Resulting Dimensions 

Bumann & 

Peter, 2019 

“In a comparative analysis of over one hundred described dimensions, the 
most often cited dimensions were identified, namely strategy, the organization, 

corporate culture, technology, the customer and people (employees). The six 

identified dimensions/action fields provide an important framework for 
businesses to succeed in digital transformations” (Bumann & Peter 2019: 13). 

• Strategy 

• Organization 

• Culture 

• Technology 

• Customer 

• People 

Gurbaxani & 

Dunkle, 2019 

“The benchmarks were created through a survey of senior executives at 129 

U.S. public companies and 18 large private companies over the three-month 

period December 2016 to February 2017” (Gurbaxani & Dunkle, 2019: 211). 
  

• “To identify the items in each of the six categories, we first drew up a list of 

potential characteristics for each dimension and generated a potential survey 

question.  

• We then drafted the entire survey and met with more than a dozen business 

and IT executives to obtain their feedback.  

• Through an iterative process, resulting in the addition and deletion of many 

questions, we arrived at the final version of the survey” (Gurbaxani & 

Dunkle, 2019: 212). 

• Strategy Vision 

• Culture of Innovation 

• Know-How and 

Intellectual Property 

• Digital Capabilities 

• Strategic Alignment 

• Technology Assets 

Morakanyane et 

al., 2020 

“From a total of 89 articles, 16 single-case articles which sufficiently 

documented end-to-end DX success stories of 10 exemplar organizations were 

selected. Within case content analysis and asking the questions analytical 
procedure were employed to code each exemplar case, where a total of 174 

attributes were found. Making the comparisons procedure was  

employed to build thematic higher-level categories by grouping similar 
attributes. Cross case content analysis was employed to determine presence 

strength of attributes in the category groupings. A list of 7 success factors and 

23 subfactors emerged from the thematic groupings. These success factors 
constitute the initial steps towards building a DX framework which 

organizations seeking to embark on successful digital transformation journeys 

can adopt.” (Morakanyane et al. 2020: 4356). 

• Determine Digital Trigger  

• Cultivate Digital Culture 

• Develop Digital Vision 

• Determine Digital Drivers 

• Establish Digital 

Organization 

• Determine Transformed 

Areas 

• Determine Impacts 

Note: The bold dimensions were used as the foundation of the DRS analysis in developing the proposed Dx framework.   
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Moreover, Bumann and Peter (2018) conducted a comparative analysis of the 18 most 

widely used Dx frameworks and maturity models to consolidate their dimensions, Gurbaxani and 

Dunkle (2019: 211) conducted an online “survey of senior executives at 129 U.S. public companies 

and 18 large private companies over the three-month period December 2016 to February 2017”, 

and Morakanyane et al. (2020) used 89 published articles including 16 case articles documenting 

Dx success for ten exemplary companies. Although Bumann and Peter’s (2018) model had some 

deficiencies, it is the foundation for the proposed framework.  

 

Research by Morakanyane et al. (2020) and Gurbaxani and Dunkle (2019) demonstrates a 

level of empirical rigor that serves to support Bumann and Peter's (2018) findings. Morakanyane 

et al. (2020) focused on the Dx success factors of companies, while Gurbaxani and Dunkle (2019: 

219) concentrate on creating a framework for business leaders to evaluate their “company’s 

progress based on six dimensions critical to successful digital transformation.” They conclude that 

culture, technology, strategy, organization, customers, and employees are reliable key dimensions 

for any Dx framework. Their method for evaluating success is also a major tool used in the 

framework proposed in this study. Based on this, Bumann and Peter’s (2018) model was chosen 

as the basis for designing and constructing the conceptual overview artifact since Gurbaxani and 

Dunkle (2019) and Morakanyane et al. (2020) support Bumann and Peter (2018). 

 

3.4 Design Evaluation & Tools  

This study takes a DSR approach by following Peffers et al.’s (2007) DSRM process model 

in conjunction with Kumar’s (2012) seven modes of the design innovation process. Hevner et al.’s 
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(2004) DSR guidelines provide five options to evaluate any DSR artifact. The study used specific 

tools, as described in Table 4. 

 

Table 4: Research Tools 

Tools Description and Use 

High-end micro-computer, high-

speed Internet 
Workstation to conduct and develop the study.  

Amazon Mechanical Turk 

Pre-experiment: This crowdsourcing solution allows businesses to hire remote 

workers to complete tasks that computers cannot perform. The study hired 50 

remote MTurk workers with manufacturing experience from around the world to 

complete the pre-experiment online survey. 

Qualtrics 
An online survey tool allowed the study to build surveys, distribute surveys and 

analyze responses. 

Centiment 

Experiment: Centiment is an all-in-one research platform enterprise used by 

academics to build advanced surveys and reach targeted audiences. This study used 

Centiment to recruit survey participants from the biopharma and pharmaceutical 

industries. 

MS PowerPoint, Excel, Access, 

Notepad 

Desktop presentation, spreadsheet, and database applications were used to review, 

organize and convert the survey data from Qualtrics and import it into SmartPLS. 

 

 

The resulting artifact is an analysis using Dx-supporting research that will leverage the 

proposed artifact as a baseline to develop a Dx adoption model. However, the study will only 

expand beyond further analysis and theoretical description. In addition, the proposed artifact will 

not denote or express any causal relationships concerning adoption predictions. (Gregor, 2006). 

Moreover, the study will assess the submitted artifacts based on the design theory through 

controlled experiments conducted across two phases. Within the second phase, the study will 

evaluate the conceptual overview and the strategic roadmap artifacts, as shown in Tables 5 and 6. 

The strategic roadmap supports the other half of Tiersky’s (2017) argument concerning 

transformational vision using a sequential process with drill-down capabilities to describe how 
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biopharma organizations can meet the changes impacting their business. This tool offers IT leaders 

tasks tied to objectives that execute iterative transformation strategies. 

 

3.4.1 Phase 1: Pre-Experiment Testing 

In Phase 1, a pre-test was conducted using the Amazon Mechanical Turk platform as an 

online survey to evaluate the effectiveness of specific survey questions, the type of evaluation 

scales, and the quality of responses to establish that the most appropriate methods were being used 

to ensure the quality of the collected data. The results demonstrated that 1) the Amazon Mechanical 

Turk platform was not an acceptable tool, 2) the sample population was too generalized, and 3) 

the responses had varying levels of quality. The output of this phase was then the input to the 

second phase. Complete details are listed in Appendix A. 

 

3.4.2 Phase 2: Experiment – Hallmark Functional and Structural Elements 

This phase evaluated elements of the best Dx frameworks. Tables 5 and 6 list indicators 

and their descriptions. 

Table 5: Hallmark Functional Elements (HFE) 

Indicator Evaluation Description and Use 

HFE1 
With this framework, I can see the big picture and the digital 

transformation ideals (Coundouris, 2020). 

One of the most important aspects of any digital transformation 

framework is conveying the overall vision to provide an ideal for 

senior leaders. 

HFE2 
With this framework, I can see different layers that drill-
down to a set of tasks and sequences (Coundouris, 2020). 

Gives practitioners the ability to construct leveled relationships 
between tasks and sequences.  

HFE3 
This concept offers the flexibility to transform front and back 

office functions (Coundouris, 2020). 

The key to transformation is flexibility within a framework to 

change both front and back-office business processes. 

HFE4 
I can customize this concept to suit different biopharma 

manufacturing circumstances (Coundouris, 2020). 

Any digital transformation framework must suit the 

practitioner's needs and business model.  

  Source: Coundouris, 2020  
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Table 6: Hallmark Structural Elements (HSE) 

Indicator Evaluation Description and Use 

HSE1 
This framework is customer- or patient-centric (Coundouris, 

2020). 

The primary reason any digital transformation effort occurs is to 

increase business agility to meet the customer’s (i.e., patient’s) 
needs.  

HSE2 

This framework demonstrates the potential opportunities and 

constraints within a biopharma manufacturing environment 

(Coundouris, 2020). 

These define areas of improvement and challenges associated 
with change. 

HSE3 
This framework emphasizes company culture (Coundouris, 

2020). 

Transforming any business relates to a cultural transformation, 

which lies at the heart of change.  

HSE4 The framework is simple to apply (Coundouris, 2020). 
The digital transformation framework must be easy to 

understand and apply.  

  Source: Coundouris, 2020.  

 

3.4.3 Phase 3: Experiment Evaluation 

The third part considers elements and relationships within the technology acceptance 

model (TAM2) developed by Venkatesh and Davis (2000) to evaluate the utility of the proposed 

artifacts. The study primarily focuses on surveying respondents’ perceived ease of use (EU), 

perceived usefulness (PU), behavioral intention (BU), intention to use (IU), subjective norms (SN), 

image (IM), job relevance (JR), output quality (OQ), and results demonstrability (RD) for each 

artifact (Venkatesh & Davis, 2000).  Even though behavioral intention is a better predictor of actual 

use than perceived ease of use and perceived usefulness, this study uses perceived usefulness and 

intention to use as the only determinants for evaluating the overall utility of the proposed artifacts 

for a few reasons.  

 

First, one of the main objectives of any DSR study is to evaluate the artifacts’ utility. Of 

course, perceived usefulness does not equate to utility or satisfaction. According to Davis, 

perceived usefulness addresses “the degree to which a person believes that using a particular 

system would enhance his/her job performance” (Davis, 1989). Although Davis is assessing the 
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perceived usefulness of software within his Technology Acceptance Model, as long as Ajzen’s 

theory of planned behavior holds, the decision-making process will be the same for the proposed 

artifact.  Second, the perceived usefulness indicator will also support the third objective of the 

studying in developing a Dx Adoption Model. Therefore, the study must consider the respondents' 

wants (utility) and needs (usefulness). Even though determining utility is the primary goal, 

perceived usefulness and intention to use are required to ensure the artifact is useful and 

demonstrates utility to the respondents to complete the current and future research objectives. 

Tables 7 and 8 describe each indicator. 

 

Table 7: Perceived Usefulness (PU)  

Indicators Description and Use 

PU1 
Using the framework would help my academic writing or my organization to reach our research or digital 

transformation goals more quickly. 

PU2 
Using this framework would improve the relevance of my research or the performance of my organization's 

digital transformation execution. 

PU3 
Using this framework would be useful in not overlooking critical steps within the organization's digital 

transformation or Pharma 4.0 process. 

PU4 
Using this framework would enhance my research or my organization's effectiveness throughout our digital 
transformation process. 

PU5 
Using this framework would make it easier for people executing digital transformation programs and projects to 

succeed within their roles. 

PU6 I would find this framework useful in communicating a digital transformation or Pharma 4.0 business strategy. 

 

Table 8: Intention to Use (IU) 

Indicator Description and Use 

IU1 I intend to use this digital transformation framework. 

IU2 I would use this digital transformation framework. 

IU3 I plan to use this digital transformation framework. 
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3.5 Chapter Summary 

Chapter 3 detailed the overall research methodology using Männistö’s (2020) generalized 

DSR approach. From a high-level perspective, Männistö’s method leads to a theory or a 

prescription. However, Hevner et al.’s (2004) DSR guidelines provide the structural details and 

checkpoints by which to execute the study. The study used Peffers et al.’s (2007) DSRM process 

model for scaffolding the DRS’s process modeling while integrating Kumar’s (2012) seven modes 

of the design innovation process as a means to develop the proposed artifacts. Although Peffers et 

al.’s DSRM process model is well established within the broader information system community, 

Kumar’s design innovation process offers a more creative direction for innovation. Furthermore, 

the supporting research discussed in Chapter 2 was refined to three studies––Bumann and Peter 

(2018), Gurbaxani and Dunkle (2019), and Morakanyane et al. (2020) ––as inputs to the design of 

the proposed artifacts. 

 

Finally, the design evaluation process discussion included brief accounts of the pretest, a 

description of the sample population, a complete list of tools used during each experiment phase, 

and clear definitions of each indicator associated with hallmark functional elements (HFE), 

hallmark structural elements (HSE), perceived usefulness (PU) and intention to use (IU). The goal 

is to determine whether or not respondents frequently “agree” that the proposed artifacts 

demonstrate hallmark Dx characteristics, are useful, and are tools that would intend to use. This 

phase of the stud is extremely important since a successful evaluation will result in respondents 

affirming the proposed utility and intention to use. 
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Chapter 4 introduces and discusses the proposed artifact designed in Chapter 3 using 

Männistö’s (2020) generalized method, Hevner et al.’s (2004) DSR guidelines, and Peffers et al.’s 

(2007) modified DSR process model. The chapter provides visualizations and step-by-step 

descriptions of each artifact presented to the sample population during the evaluation process. 
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Chapter 4: Design and Development 

The stated DSR guidelines and the DRSM process model, in conjunction with Kumar’s 

(2012) design innovation process modes 1–7, led to the following preliminary results after the first 

iteration of the Dx framework overview diagram. 

 

4.1 Introduction of a Dx Framework for Biopharma Manufacturing 

Building the proposed Dx framework artifacts involved incorporating supply chain 

management theories, leading manufacturing principles, manufacturing IT standards, leading 

MOMS and MES systems architecture, and Pharma 4.0 concepts and principles, as shown in Table 

1 on page 22. This study presents the Conceptual Overview and the Strategic Roadmap, which 

accounts for two of the nine tools that comprise the completed Dx framework (Figure 14). 

 

 

Figure 11: The Proposed Dx Framework for Biopharma Manufacturing 



 

 

 42 

The framework consists of the following tools: (1) conceptual overview, (2) strategic roadmap, (3) 

initial digital maturity assessment, (4) digital transformation business case definition, (5) Pharma 

4.0 MOMS/MES system architecture options, (6) execution methodology, (7) future state business 

strategy, (8) digital maturity model, and (9) Pharma 4.0 digital maturity evaluation tool. The 

framework will provide IT leaders and practitioners with tools to support their Dx efforts from 

initial assessment and conceptualization to program execution and tracking digital maturity 

achievements. 

 

4.2 The Conceptual Overview 

The conceptual overview and the strategic roadmap are the most important aspects of the 

framework and the primary focus of this study. Each artifact provides a high-level conceptual 

explanation of the model, with Pharma 4.0 principles as its foundation, overlaid by four of the six 

dimensions of Bumann and Peter’s (2018) Dx dimensions (see Figure 16). The ANSI /ISA 95 

manufacturing standards structure is inherent within the model. Level 0 is shop floor equipment 

communicating through an Industry Internet of Things (IIoT) platform, and Level 4 represents the 

Internet of Things (IoT) communicating in a cloud-based digital ecosystem (He et al., 2021). 
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Figure 12: The Proposed Dx Conceptual Overview 

 

Bumann and Peter’s (2018) strategy dimension is the strategic roadmap of this study, as defined 

by Gurbaxani and Dunkle (2019) and Morakanyane et al. (2020).  Finally, Bumann and Peter’s 

customer dimension was translated into a patient dimension, which lies at the model's heart and 

assumes an efficient and responsive supply chain (Hugos, 2018).  

 

• Patients: This framework is patient-focused and aimed at providing a responsive and 

efficient supply chain required to meet the needs of patients in a changing business 

environment. The purpose is to increase business agility. 

 

• Responsive and efficient supply chain: All other dimensions should be directed toward 

building a manufacturing plant that operates with a responsive and efficient supply chain, 

and that has the personnel, technology, organization, and culture to support patient needs. 
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• Strategic roadmap: Bumann and Peter (2018) argue that strategy is equal to the other five 

dimensions. Evidence shows that strategy, or what is called here the “strategic roadmap,” 

is a key driver that supersedes the different dimensions. The process through which the 

biopharma business checks its strategies is based on Drucker’s (1994a, 1994b) theory of 

the business. 

 

• People, technology, culture, and organization: All aspects of the transformation related 

to people, technology, culture, and organization are supported by the strategic roadmap. 

 

• Pharma 4.0: Bumann and Peter's (2018) six dimensions represent lower-level connections 

to the corresponding Pharma 4.0 framework dimension resources, information systems, 

culture, and organization and processes. 

 

4.3 The Strategic Roadmap 

The strategic roadmap (Figure 16) represents a step-by-step process based on Drucker’s 

(1994a, 1994b) theory of business that links the framework’s tools to key steps in the entire 

transformation process. The stud will be discussed in greater detail in Chapter 5. 

 



 

 

 45 

 

Figure 13: The Proposed Dx Strategic Roadmap 

 

• Step 1: Something within the biopharma business environment has changed or will change, 

which impacts or will impact the continuity of the business (e.g., pharma’s competitive 

positioning and pricing power are challenged by new, fast-moving market entrants and the 

expectations of empowered consumers) (Ernst & Young, 2017). 

• Step 2: Leadership in the biopharma company meet to discuss how the change affects the 

manufacturing business model at the corporate level. 

• Step 3: The management team meets with manufacturing leadership to determine how this 

change affects the business mission at the manufacturing plant level. 

• Step 4: Given the magnitude, the area of impact, and the timeframe of the change, the 

management team reviews common business strategies for addressing the change. 

• Step 5: In this scenario, the impact on the business is related to the digital maturity of the 

corporation, specifically the manufacturing facility. As a result, the company should 



 

 

 46 

partner with external industry experts to conduct an internal assessment to gauge the 

facility’s current digital maturity and how advanced this maturity should be in the future. 

• Step 7: A decision is made to build a specific Dx strategy and an IT roadmap to guide the 

organization through its transformation efforts. The business will undoubtedly bring in 

consultants and advisors to suggest means and methods, including frameworks that define 

an approach and dimension of focus to support a series of portfolios, programs, and projects 

that will move the company forward. 

• Step 8: The company executes a multi-phase Dx strategy to achieve digital maturity for 

the manufacturing plant, as defined by the Pharma 4.0 framework. 

• Step 9: The first phase of the Dx strategy is checked against the business cases to determine 

whether the high-level requirements were achieved. 

• Step 10: The company reviews and evaluates Pharma 4.0 and the success criteria and 

continues its Dx until its desired business agility is achieved. 

• Step 11: Once the desired level of business agility is achieved and the changes in the 

business environment no longer impact the biopharma company, the business proceeds on 

its mission. However, it must continue to scan its environment and test its business theory. 

 

4.4 Chapter Summary 

Chapter 4 introduced the proposed Dx Framework for biopharma manufacturing composed 

of nine tools; however, the study only evaluated two. The proposed conceptual overview diagram 

provides a high-level view of the complete Dx process, which details the digital ecosystems of the 

manufacturing plant and value chain. This artifact exhibits all the hallmark characteristics of an 

exemplary Dx framework by incorporating patients, a responsive and efficient supply chain, 
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embedded strategic roadmap elements, and the Pharma 4.0 dimensions of change, including 

people, technology, culture, and organization. As the conceptual overview diagram, this artifact 

uses its embedded strategic roadmap elements to connect to the proposed strategic roadmap. This 

artifact focuses on guiding IT leaders and practitioners through the eleven-step iterative Dx 

process. Drucker’s (1994a, 1994b) theory of business is the driving force behind the process. When 

used together, IT leaders can develop and communicate their Dx strategies.  

 

 

Chapter 5 discusses the data analysis and results. The chapter begins by focusing on the 

demographics of the sample population to confirm that the most appropriate participants were 

targeted and selected. There is further discussion of the four variables: HFE, HSE, perceived 

usefulness (PU), and intention to use (IU). Since a seven-point Likert scale was used during the 

evaluation process, the analysis will use the mode or (the most frequent response) to determine the 

results.  



 

 

 48 

Chapter 5: Results and Data Analysis 

An online Qualtrics survey, conducted from October 19 to November 1, 2021, collected 

feedback from 210 executives and managers working in the biotech and pharmaceutical industries, 

including industry consultants and academic professionals. Respondents assessed the conceptual 

overview and the strategic roadmap artifacts and answered questions based on a seven-point Likert 

scale ranging from “Strongly agree” to “Strongly disagree.” The survey applied elements from the 

technology adoption model 2 (TAM2) and Coundouris’ (2020) hallmarks of a top Dx framework, 

presenting questions covering different areas. 

 

5.1 Sample Population and Demographics 

 Two questions supported Coundouris' (2020) structural recommendations and functional 

Dx hallmarks. The first gauged the quality of the response by testing respondents' attention and 

disqualifying those respondents who did not answer the question correctly. The second supported 

demographics, active projects, and specific segments of the TAM2 model by exploring the social 

influence and cognitive instrumental components to capture perceived usefulness and intention to 

use precisely. The results reveal very positive responses. Table 9 displays the relevant sample 

population, with 57.62% of all respondents currently involved in research or Dx or in 

implementing Pharma 4.0 programs and projects. 

 

Table 9 Respondents’ Current Digital Transformation Activity 

Involved in Digital Transformation Efforts Frequency Percent 

Yes  121 57.62 

No 89 42.38 

Total  210 100.0 
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Managers and above in non-IT roles accounted for 35.25% of the total sample population, 

executives accounted for 30.48%, managers or IT leaders for 19.05%, academics for 8.10%, and 

consultants for 7.14% (see Table 10). These results demonstrate that the study successfully 

targeted the correct sample population based on relevance, respondents’ job functions, and 

industries. 

 

Table 10:  Respondent’s Demographics 

Respondents Categories Frequency Percent 

Executives  64 30.48 

Managers and above in non-IT roles 74 35.24 
Managers or IT leaders 40 19.05 

Academics 17 8.10 

Consultants 15 7.14 
Total  210 100.0 

 

5.2 Results and Analysis 

The study collected data on eleven constructs and forty-two indicators; however, the results 

and analysis in this section will only focus on four constructs: perceived usefulness, intention to 

use, HFE, and hallmark structural elements. A complete review of the survey and results for the 

remaining constructs and their indicators can be found in Appendix C. 

 

With this in mind, Tables 7 and 8 list respondents’ feedback regarding Coundouris’ (2020) 

functional and structural hallmarks of top Dx frameworks. The analysis demonstrates that the most 

frequent response (i.e., the mode) was “agree” for each hallmark element. Both artifacts were 

valued more strongly on the functional side, even though opportunities for structural improvements 

were noted, including the need for clarity on how the framework is patient-centric, easy to apply, 

and that it depicts culture as the primary agent of change.   
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Table 11: Survey Results for HFE (n =210) 

Indicator Description 
Strongly 

Agree 
Agree 

Somewhat 

Agree 

Neither 

agree nor 

disagree 

Somewhat 

Disagree 
Disagree 

Strongly 

disagree 

HFE1 
Vision of the big picture, 

ideal for executives 
32.38% 46.67% 11.43% 5.71% 2.86% 0.95% 0.00% 

HFE2 
Drill-down to a set of 

tasks and sequences 
34.76% 40.00% 15.71% 7.14% 1.90% 0.48% 0.00% 

HFE3 
Flexibility to transform 

front and back office 
24.76% 36.62% 26.76% 9.52% 0.95% 0.00% 0.48% 

HFE4 
Customize to suit 

circumstances 
29.05% 40.00% 17.14% 10.48% 2.86% 0.00% 0.48% 

Note: The values in red list the value of the mode percentage for the most selected responses. 

 

Table 12: Survey Results for HSE (n =210) 

Indicator Description 
Strongly 

Agree 
Agree 

Somewhat 

Agree 

Neither 

agree nor 

disagree 

Somewhat 

Disagree 
Disagree 

Strongly 

disagree 

HSE1 Patient-centric 27.62% 33.81% 21.43% 9.05% 6.19% 1.43% 0.48% 

HSE2 
Opportunities and 

constraints 
19.52% 45.71% 25.24% 5.71% 2.86% 0.48% 0.48% 

HSE3 Emphasizes culture  19.07% 34.76% 20.00% 12.86% 7.62% 2.38% 0.95% 

HSE4 Easy to apply  22.86% 27.14% 21.90% 16.75% 6.67% 3.33% 1.43% 

Note: The values in red list the value of the mode percentage for the most selected responses. 

 

Each artifact scored highest in demonstrating a vision of the big picture, their suitability for 

executives, and their ability to depict opportunities and constraints. 

 

Moreover, it is one thing to demonstrate the hallmarks of a leading Dx framework; 

providing evidence that its utility leads to intention to use is quite another. In this regard, aspects 

of the TAM2 model concerning social influence and cognitive instrumental components were 

examined to gain insight into the perceived usefulness (PU) and Intention to Use (IU) of the 
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conceptual overview and the strategic roadmap artifacts. Tables 13 and 14 summarize respondents’ 

feedback. 

 

Table 13: Survey Results for Perceived Usefulness (PU) Variables (n =210) 

Indicator Perceived Usefulness 
Strongly 

Agree 
Agree 

Somewhat 

Agree 

Neither 

agree nor 

disagree 

Somewhat 

Disagree 
Disagree 

Strongly 

disagree 

PU1 Would help reach goals... 22.86% 32.86% 18.10% 14.76% 7.14% 3.33% 0.95% 

PU2 Would improve... 23.81% 30.00% 21.43% 17.62% 4.76% 1.90% 0.48% 

PU3 Useful in not overlooking critical… 26.67% 36.19% 18.57% 14.29% 3.33% 0.95% 0.00% 

PU4 Would enhance... 21.90% 39.05% 18.10% 15.71% 3.81% 1.43% 0.00% 

PU5 Make it easier for people... 22.38% 37.62% 20.00% 16.19% 1.90% 1.90% 0.00% 

PU6 Useful in communicating... 25.24% 38.10% 18.10% 12.86% 2.86% 2.38% 0.48% 

Note: The values in red list the value of the mode percentage for the most selected responses. 

 

Table 14: Survey Results for Intention to Use (IU) Variables (n =210) 

Indicator Perceived Usefulness 
Strongly 

Agree 
Agree 

Somewhat 

Agree 

Neither 

agree nor 

disagree 

Somewhat 

Disagree 
Disagree 

Strongly 

disagree 

IU1 I intend to use... 22.86% 30.00% 11.43% 22.86% 4.29% 6.67% 1.90% 

IU2 I would use... 26.67% 30.00% 20.00% 14.76% 3.33% 4.29% 0.95% 

IU3 I plan to use... 23.81% 28.10% 10.48% 23.33% 5.71% 7.62% 0.95% 

Note: The values in red list the value of the mode percentage for the most selected responses. 

 

The most frequent response is “agree,” demonstrating the usefulness of the purpose and 

function of the conceptual overview and the strategic roadmap. As a result, respondents agreed 

that each artifact is useful. Notably, more respondents agreed that the tools could enhance their 

organization’s transformation process, communicate, make program execution easier, and not 

overlook critical steps. Therefore, the study can conclude that the proposed artifacts serve the 

functions of a Dx framework. 
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Feedback on intention to use was also conclusive, with some minor reservations, revealing 

some structural errors in the survey. Questions related to the wording of variables IU1 and IU3 

were similar, and both values were nearly identical, causing collinearity issues during the statistical 

analysis process. Nonetheless, 30% of respondents “agreed” that they intend or plan to use these 

artifacts. Even though the respondents perceived the artifact as useful, over 20% were somewhat 

neutral about using the tools. 

 

5.3 Chapter Summary 

The results and analysis outlined in Chapter 5 support the study’s primary objectives listed 

in Chapter 1 by demonstrating that the proposed artifacts are useful and that respondents intend to 

use the framework. Chapter 6 will conclude the study with a summary of the findings, a discussion 

of the implications for theory and practice, the literature contributions, the limitations of the study, 

and future research directions. 
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Chapter 6: Conclusion and Future Work 

Worldwide trends at the time of the study show that the life sciences industry is undergoing 

major evolutionary change (Ford, 2020). Much progress has resulted from technological 

advancements and medical breakthroughs with genetic tools such as CRISPR/Cas9 and TALEN 

(Nemudryi et al., 2014). Other challenges stem from the entry of Big Tech into the healthcare 

market through purchases and acquisitions, which has forced life sciences companies to reset their 

priorities for global market growth, strengthen their R&D, and engage in Dx. The net effect is that 

many organizations in the biopharma industry have embarked on or will embark on a Dx journey. 

These organizations must adopt a Dx framework and transition to a paradigm that supports 

outcome-based health solutions that satisfy empowered patients (Yang, 2020). 

 

Of course, implementing transformation strategies across global organizations is a 

challenging task. The biggest question hinges on determining the type of Dx framework biopharma 

manufacturing industries can adopt to implement a Pharma 4.0 operating model effectively. 

Success in this space will allow biopharma leaders to achieve their organizational priorities and 

address business challenges. With monumental changes occurring in the biopharma industry, there 

is a need for a more comprehensive Dx framework designed explicitly for that industry. 

 

With this in mind, this study executed controlled experiments to examine the key 

characteristics and usefulness of the conceptual overview and the strategic roadmap artifacts based 

on a DSR analysis. A panel of 210 executives and managers working in the biotech and 
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pharmaceutical industries, including industry consultants, completed a survey. Nearly 60% of 

participants were involved in research or Dx efforts to implement Pharma 4.0 projects. 

Respondents were asked to evaluate the artifacts in two phases using an online survey based on a 

six-point Likert scale. In the first phase, participants were asked to determine if the artifacts 

demonstrated functional and structural hallmark characteristics of an ideal Dx framework. In the 

second phase, they were asked to evaluate the perceived usefulness and the intention to use the 

artifacts. Based on the results, the relics met the first objective of developing a Dx framework that 

(1) places patients and their doctors as the primary focus, (2) supports a supply chain that is both 

responsive and efficient, (3) demonstrates hallmarks attributes of exemplary Dx frameworks, (4) 

supports the implementation of a Pharma 4.0 program and transformation across key business 

dimensions, including resources, information systems, culture, and organization and processes, 

and (5) provides tools, including a step-by-step strategic road map, to guide IT leaders and 

practitioners through the Dx process. 

 

In addition, the study also achieved its second objective by successfully evaluating the 

proposed Dx framework and collecting data from a sample population through an online survey. 

The results successfully supported the usefulness of the artifact and respondents' intentions to use 

them. Since the results affirmed the usability of the proof of concept, the study can progress with 

its third objective as future research to develop a PLS-SEM Dx adoption model for biopharma 

manufacturing. 
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6.1 Summary of Findings 

The underlying findings support three significant points. First, the results agree with 

Coundouris (2020) regarding the importance of the hallmark elements of leading Dx frameworks. 

Over half of the respondents were interested in leading Dx frameworks' HSE and the HFE. 

However, there was a greater preference for HFE, indicating support for job functions and related 

tasks, including a Dx framework that provides a vision of the big picture, is ideal for executives, 

can drill down to a set of functions and sequences, is flexible enough to transform the front and 

back office, and is customizable to suit circumstances within this order. 

 

Conversely, HSE is essential to a Dx framework that can address opportunities and 

constraints within the respondent’s company. Second, more respondents found the proposed 

framework useful across the four areas of (1) enhancing research or organization effectiveness, (2) 

communicating business strategies, (3) making it easier for people to succeed within their roles, 

and (4) not overlooking critical steps within the Dx process. Third, from a general perspective, 

these four areas may seem obscure; nevertheless, each site details what constructs are important to 

IT leaders and practitioners and how they plan to use a Dx framework. 

 

6.2 Theoretical Implications 

The theoretical implications are potentially substantial. Many respondents working within 

the biopharma industry found Coundouris’ (2020) hallmark elements useful. Therefore, constructs 

of this nature have theoretical merit when attempting to understand the factors that drive 

technology adoption or intention to use Dx frameworks within the biopharma industry. The results 

demonstrate that hallmark elements will undoubtedly be factors linked to perceived usefulness, in 
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addition to data collected about other constructs such as subjective norms, behavioral intentions, 

perceived ease of use, image, job relevance, results demonstrability, and output quality. Another 

issue is determining whether or not any of the TAM and TAM2 constructs are also key factors. 

However, suppose the theory of planned behavior (TPB) holds (Ajzen, 1991). In that case, IT 

leaders and practitioners should exhibit the same behavioral intention for selecting tools such as a 

Dx framework as they would for any other technology, including software. Given the 

overwhelmingly positive results of the data analysis, building a Dx adoption model for a 

biopharma manufacturing environment should be possible. 

 

6.3 Practical Implications 

The results of the data analysis provide insight into what IT leaders and practitioners want 

and what factors influence their adoption decisions. IT leaders and practitioners are interested in 

achieving their transformation goals while facilitating a process that makes it easier for others to 

succeed. There is a demand for frameworks that are easy to learn, create pathways to 

enlightenment, and transform based on need while addressing each Dx step. The findings suggest 

that IT leaders and practitioners place more utility on the functional hallmark elements of an 

exemplary Dx framework, which is certainly reasonable. Despite this, we must question whether 

respondents' behavioral intentions are based on sound judgment. For example, a 'want' and a 'need' 

come from two entirely different perspectives, which any effective Dx framework should 

functionally and structurally address. 

 

However, best practices from expert opinions regarding successful Dxs emphasize the 

value of structural elements over those of functional features. Experts agree that IT leaders and 
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practitioners must know their organizations' challenges and understand the drivers behind Dx to 

determine where to focus the best company resources, effort, and time (Rogers, 2016). Leading 

thinkers identify changes in culture as the secret to Dx's success. Therefore, changing an 

organization's behavior is essential through shifting the way people within the organization think, 

interact and work with one another on a collaborative basis (Rogers, 2016:1).  Rogers goes on to 

argue that companies must spend time changing employee behaviors company culture, and how 

decisions are made (Rogers, 2016). In practice, which the data in this study supports, users are 

more likely to focus on adopting functional tools to help them succeed in their jobs and job-related 

tasks.  Of course, Dx best practices will encourage users to focus first on structural elements, such 

as culture and identifying opportunities and constraints, rather than job-relevant functional 

elements. 

 

6.4 Contributions to Literature 

This study’s research contributions are supported by Hevner et al.’s (2004: 83) Guideline 

4, which states that “Effective design-science research must provide clear and verifiable 

contributions in the area of the dressing artifact, design foundation, and design methodologies.” 

The study verified the contribution of the “dressing artifact” by assessing and providing clear 

evidence of the proposed artifact’s utility by surveying a sample population based on relevant 

activities, job functions, and industries. In addition, Gregor (2006) takes Hevner et al.’s guidelines 

further through a nature of theory classification in which she classifies the dressing artifact as DSR 

theory Type I analysis. “The theory does not extend beyond analysis and description. No causal 

relationships among phenomena are specified, and no predictions are made.” (Gregor, 2006: 620). 

This definition is precisely what the study’s first objective was to accomplish. 
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6.5 Limitations 

Despite its contribution to the literature, this study has several specific and potential 

limitations. Based on the survey feedback, the proposed artifacts require refinement to demonstrate 

how the framework is patient-centric, simple in application, and that it depicts culture as the 

primary agent of change. This requires restructuring the framework where these aspects are clear. 

Other potential limitations relate to collinearity issues and a lack of moderating variables. For 

example, the resulting values for indicators IU1 and IU3 for the IU construct are nearly identical. 

Indicators in these cases may cause collinearity issues during the statistical analysis process. 

Finally, the Centiment research platform could not provide data to support moderating variables, 

such as age and gender data; therefore, these variables were not included in the analysis. 

 

6.6 Future Research 

Despite these limitations, setting out on a Dx journey requires massive time, money, and 

effort for any organization. Over 80% of companies that start a Dx process never reach the end of 

the process (Rogers, 2016). Companies fail to transform their businesses for many reasons, 

including lack of vision, project failure, and focusing on technological rather than cultural 

transformation (Andriole, 2021). There are many tools, techniques, and methods leading to 

success. Among the most vital decisions leading to transformation success is determining where 

to start, what to focus on from the beginning, and what the journey's outcome should look like. 

However, the findings of this study demonstrate that IT leaders and partitioners want an effective 

Dx framework that supports their job functions and tasks. Of course, experts have different 

opinions, and problems remain, despite what users wish and what experts deem they need. Still, 
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determining which framework to select and which can best support a biopharma manufacturing 

environment is essential.  

 

Using SmartPLS 4, future research will combine a partial least squares structural equation 

model (PLS-SEM) (Venkatesh et al., 2003) with the hallmark element of the leading Dx 

framework constructs. The goal is first to develop a stable Dx adoption model and evaluate the 

model using the data collected from the first objective to determine which factors impact perceived 

usefulness (PU), perceived ease of use (EU), and intention to use (IU). The future research will 

test and quantify the impact of (PU), and (EU) on the intention to use (IU) including HFE and 

HSE, in addition to the remaining TAM2 constructs associated with perceived usefulness and 

perceived ease of use, as external variables, as seen in figure 14. 

 

 

Figure 14: The Future Research Dx Adoption Model - Venkatesh & Davis 2000. 

 

The resulting artifact will be a novel PSL-SEM adoption model that is specifically relevant 

to the biopharma manufacturing environment and will hopefully demonstrate a high predictive 

power of intention to use for any prospective Dx framework.  In practice, the artifact will help IT 

leaders and practitioners to address their selection problem by identifying key factors that influence 
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the adoption of a Dx framework. By focusing on influential factors, IT leaders and practitioners 

can select the Dx framework best suited to their company’s needs. 
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Appendices  

 

Appendix A: Phase 1 – Pre-Experiment Testing Survey Instrument and Results 

 

Biopharma Manufacturing Digital Transformation Framework 

 

Q2 – What is your initial reaction this concept? 

 

 

# Field Minimum Maximum Mean Std Deviation Variance Count 

1 Dx – What is your initial reaction this concept? 1.00 5.00 1.69 0.79 0.62 64 

 

 

# Answer % Count 

1 Extremely positive 46.88% 30 

2 Somewhat positive 40.63% 26 
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3 Neither positive nor negative 10.94% 7 

4 Somewhat negative 0.00% 0 

5 Extremely negative 1.56% 1 

 Total 100% 64 
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Q3 – How different is this concept from other frameworks currently available? 

 

 

# Field Minimum Maximum Mean 
Std 

Deviation 
Variance Count 

1 
Dx – How different is this concept from other frameworks 

currently available? 
1.00 5.00 2.16 0.87 0.76 64 

 

 

 

# Answer % Count 

1 Very different 20.31% 13 

2 Different 53.13% 34 

3 A little different 18.75% 12 

4 Not very different 6.25% 4 

5 Not at all different 1.56% 1 

 Total 100% 64 
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Q4 – How appealing is this concept compared to other frameworks currently available? 

 

 

# Field Minimum Maximum Mean 
Std 

Deviation 
Variance Count 

1 
Dx – How appealing is this concept compared to other 

frameworks currently available? 
1.00 4.00 1.92 0.76 0.57 64 

 

 

 

# Answer % Count 

1 Very appealing 29.69% 19 

2 Appealing 51.56% 33 

3 A little appealing 15.63% 10 

4 Not very appealing 3.13% 2 

5 Not at all appealing 0.00% 0 

 Total 100% 64 
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Q5 – How much do you like or dislike this concept? 

 

 

# Field Minimum Maximum Mean Std Deviation Variance Count 

1 Dx – How much do you like or dislike this concept? 1.00 5.00 1.91 1.00 0.99 64 

 

 

 

# Answer % Count 

1 Like a great deal 40.63% 26 

2 Like somewhat 39.06% 25 

3 Neither like nor dislike 12.50% 8 

4 Dislike somewhat 4.69% 3 

5 Dislike a great deal 3.13% 2 

 Total 100% 64 
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Q6 – How believable is this concept? 

 

 

# Field Minimum Maximum Mean Std Deviation Variance Count 

1 Dx – How believable is this concept? 1.00 4.00 1.88 0.82 0.67 64 

 

 

 

# Answer % Count 

1 Extremely believable 35.94% 23 

2 Somewhat believable 45.31% 29 

3 Neither believable nor unbelievable 14.06% 9 

4 Somewhat unbelievable 4.69% 3 

5 Extremely unbelievable 0.00% 0 

 Total 100% 64 
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Q7 – How relevant do you think this concept is to biopharma manufacturing? 

 

 

# Field Minimum Maximum Mean 
Std 

Deviation 
Variance Count 

1 
Dx – How relevant do you think this concept is to biopharma 

manufacturing? 
1.00 5.00 1.83 0.93 0.86 64 

 

 

 

# Answer % Count 

1 Extremely relevant 43.75% 28 

2 Somewhat relevant 37.50% 24 

3 Neither relevant nor irrelevant 12.50% 8 

4 Somewhat irrelevant 4.69% 3 

5 Extremely irrelevant 1.56% 1 

 Total 100% 64 
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Q8 – From the list below, which best describes the need for this concept? 

 

 

# Field Minimum Maximum Mean 
Std 

Deviation 
Variance Count 

1 
Dx – From the list below, which best describes the need for 

this concept? 
1.00 4.00 2.03 0.81 0.66 64 

 

 

 

# Answer % Count 

1 The industry needs it because nothing else solves this problem 25.00% 16 

2 This would be slightly better than what is currently using 53.13% 34 

3 This is essentially the same as what is currently used 15.63% 10 

4 What the industry is currently using is better than this 6.25% 4 

5 I don't see any reason to use this 0.00% 0 

 Total 100% 64 
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Q10 – What do you like MOST about this concept? 

Dx – What do you like MOST about this concept? 

chart was good 

culture industry 

CHART WAS GOOD 

2 

The Chart Describes in full detail about pharma manufacturing and responsibility 

A Criterial Framework for Understanding. Concept Formation in the Social Sciences. 

The chart look like good 

culture 

A growth-oriented Autonomous Digital Enterprise delivers value with competitive differentiation enabled by 

agility, customer centricity, and actionable insights. To be successful, organizations must develop new operating 

models enabled by key technologies that:  Deliver a transcendent customer experience Apply automation 

everywhere Support enterprise DevOps Drive data-based business outcomes Safeguard the organization through 

adaptive cyber security 

I THINK IT IS GOOD TO USE. 

I THINK THIS IS GOOD FOR ALL. 

Resources 

culture 

culture and industry 

Good to the future time line is my thought. I think about the biopharma manufacturing plant level establish very 

well to all. 

resource concept is good 

medicen 

good concept 

good 

Biopharma Manufacturing Digital 

I like the content of the graph 

The content about this chart really useful and good. 

Organizations and Processes 

Test 
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culture industry 

N/A 

yes 

yes 

frame work 

more reliable and easy to understand. 

MORE RELIABLE AND EASY TO UNDERSTAND 

more reliable and easy to understand 

mostly cycle type 

Contribution from every sector 

chart was good 

I like this chart because it was colorful 

I like this creative chart 

It look more reliable and easy to understand. 

pharma 

GOOD 

A great way to find out more about yourself is to ask people you like, trust and respect what they think you're best 

at 

It's Unique concept and I like this 

culture 

the design concept 

concept 

This is helpful. 

Resources 

IT HAS ITS UNIQUE CONCEPT 

Adoption of a standard eData platform accelerates and facilitates sharing of raw material quality data and enables 

the end user to integrate data directly into internal knowledge management systems and process analytical tools. 

This allows for improved monitoring 

Resources, Culture 

Resources, Culture 
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culture and industry 

culture 

I like the digital ecosystem 

The concept seems to be promising and should be a good idea for the people. 

The Dx is the good product and likely this concept. 

THIS FRAME WORK IS VERY GOOD QUALITY AND REACHABLE 

 

Q11 – What do you like LEAST about this concept? 

Dx – What do you like LEAST about this concept? 

poor content 

ppartners industry 

POR CONTENT 

Colours the used in chart, its not catchy 

The best way to answer what you liked least about a recent job is to approach the question with a positive, casual 

tone and name one thing that you felt could have been better, but then name some positive aspects about the job, 

too. 

content was poor 

partners 

Give customers and employees what they need by making technology feel more human: Enable rich do-it-

yourself experiences backed by human expertise Recognize mobile devices as the primary channel for interaction 

Leverage analytics and orchestration for a frictionless experience. 

SOWEWHAT AFRAID TO THIS WHILE GETTING SIDE EFFECT LIKE THAT. 

SOMEWHAT IT MAY AFRAID OF GETTING SIDE EFFECT. 

Culture 

partners 

resources 

It good all following generation. At least is not declared it is very useful concept. 

i like it 

useful mediceine 

nuice 
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good 

Biopharma Manufacturing Digital 

even the graph is everything the information is less. 

Even this content is useful and something missing. 

culture 

Test 

partners industry 

N/A 

yes 

yes i like it 

none 

nope 

NOPE 

nope 

good one 

Will this replace the existing 

poor content 

the chart content was doesn't understand  easily 

This chart is little distract 

nope. 

i like me 

Nice 

Talk about tasks and situations when highlighting your dislikes 

I like this more 

partners 

the colours used 

confused 

This is bad. 
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Culture 

IT'S LITTLE DIFFICULT TO DO IT IN PRACTICAL 

Standard file structure and data format providing consistency, reliability, and flexibility 

Organization 

Organization 

resources 

resources 

nothing least , I like everything 

I find anything that i least like about the concept, I agreed with the entire concept. 

Not in least about this concept. 

THIS IS DIFFERENT TYPE OF MANUFACTURING 
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Appendix B: Phase 3 – Experiment Survey Instrument 

 
Construct Indicator Survey Questions 

Actual Use 

IU1 I intend to use this digital transformation framework. 

IU2 I would use this digital transformation framework. 

IU3 I plan to use this digital transformation framework. 

Behavioral 

Intentions 

BI1 

I believe a framework is required for any organization that plans to take on any digital transformation 

effort. 

BI2 

Using a digital transformation framework to express the big picture and generalize ideas is a positive 

idea. 

BI3 Giving and receiving feedback through the use of a digital transformation framework is a good idea. 

Perceived Ease 

of Use 

EU1 Learning to use this framework would be easy for me. 

EU2 I would find it easy to transform this framework to do what I wanted it to represent. 

EU3 Using this framework would be clear and understandable. 

EU4 I find this framework to be flexible to use. 

EU5 It would be easy for me to become skillful at using this framework. 

EU6 I would find this framework easy to use. 

Hallmark 

Functional 

Elements 

HFE1 With this framework, I can see the big picture and the digital transformation ideals. 

HFE2 With this framework, I can see different layers that drill-down to a set of tasks and sequences. 

HFE3 This concept offers the flexibility to transform front and back office functions. 

HFE4 I can customize this concept to suit different biopharma manufacturing circumstances. 

Hallmark 

Structural 

Elements 

HSE1 This framework is customer or patient-centric. 

HSE2 
This framework demonstrates the potential opportunities and constraints within a biopharma 

manufacturing environment. 

HSE3 This framework emphasizes company culture. 

HSE4  I would find this framework simple to apply. 

Image 

IM1 

People within my organization who leverage tools like this seem to have more prestige and success than 

those who do not. 

IM2 High profile people within my organization use these frameworks to communication their ideas. 

IM3 Using frameworks and tools symbolizes competence and expertise within my organization. 

Job Relevant 

JB1 In my role, using digital transformation framework is important. 

JB2 In my role, it is relevant to use digital transformation frameworks and strategic roadmaps. 
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JB3 Using digital transformation frameworks and strategic roadmaps is pertinent to my job-related tasks. 

 

Output Quality 

OQ1 The quality of output I get from using this framework is high. 

OQ2 I have no problem with the quality of output I would get from using this framework. 

OQ3 I would rate the results I would get from this using this framework as excellent. 

Perceived 

Usefulness 

PU1 

Using the framework would help my academic writing or my organization to reach our research or 

digital transformation goals more quickly. 

PU2 

Using this framework would improve the relevancy of my research or the performance of my 

organization's digital transformation execution. 

PU3 

Using this framework would be useful in not overlooking critical steps within the organization's digital 

transformation or Pharma 4.0 process. 

PU4 

Using this framework would enhance my research or my organization's effectiveness throughout our 

digital transformation process. 

PU5 

Using this framework would make it easier for people executing digital transformation programs and 

projects to succeed within their roles. 

PU6 

I would find this framework useful in communicating a Digital Transformation or Pharma 4.0 business 

strategy. 

Result 

Demonstrability 

RD1 I have no problem sharing the results of using this framework. 

RD2 I believe I could communicate the consequences of using this framework. 

RD3 The results of using this framework are apparent to me. 

RD4 I would have a hard time explaining why or why no using this framework is beneficial. 

Subjective 

Norms 

SN1 

People who influence my behavior believe that I should use a framework in communicating my 

organization's digital transformation strategy. 

SN2 

People who are important to me think that I should use a framework in building my organization's digital 

transformation strategy. 

SN3 Senior Management within my organization supports using tools like this. 

 
Source: Venkatesh & Davis, 2000. 
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Appendix C: Phase 3 – Experiment Survey Questions and Results 

 

Survey Instrument Report 

SME Survey Concept (Framework) - ID6337719824 

September 18th 2022, 9:30 am MDT 

 

 

Q0 – The Anatomy of a Digital Transformation Framework for Biopharma 

Manufacturing 

 

Thank you for taking the time to participate in our study.  

 

We designed this survey to help understand how you, as Academic Researchers, Consultants, 

Executives, Managers & IT Leaders, and Practitioners, would respond to our digital 

transformation concepts. 

      

This survey will present a framework that has two conceptual diagrams for you to review.  We 

will then ask you a few questions about each conceptual diagram. The survey will include 

questions regarding each diagram's expressiveness, functionality, usefulness, and overall ease 

of use within a biopharma manufacturing environment or for future academic research. We 

end the survey by asking questions regarding the framework as a whole. Your participation in 

this research study is voluntary. You have the right to withdraw at any point during the study.   

 

By clicking the button below, you acknowledge:      

 

Your participation in the study is voluntary.   

You are 18 years of age.   

You may choose to terminate your participation at any time for any reason.      

 

Again, thank you for your participation. Please feel free to take as much time as your need.       

 

 

Best regards,      

 

Frederick K. Johnson   

Center for Information Systems & Technology 
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# Field Minimum Maximum Mean 
Std 

Deviation 
Variance Count 

1 

The Anatomy of a Digital Transformation Framework for 
Biopharma Manufacturing. Thank you for taking the time to 

participate in our study. We designed this survey to help 

understand how you, as Academic Researchers, Consultants, 
Executives, Managers &amp; IT Leaders, and Practitioners, 

would respond to our digital transformation concepts. This 

survey will present a framework that has two conceptual 
diagrams for you to review.  We will then ask you a few 

questions about each conceptual diagram. The survey will 

include questions regarding each diagram's expressiveness, 
functionality, usefulness, and overall ease of use within a 

biopharma manufacturing environment or for future academic 

research. We end the survey by asking questions regarding the 
framework as a whole. Your participation in this research 

study is voluntary. You have the right to withdraw at any point 

during the study.  By clicking the button below, you 
acknowledge: Your participation in the study is voluntary. 

You are 18 years of age. You may choose to terminate your 

participation at any time for any reason. Again, thank you for 
your participation. Please feel free to take as much time as 

your need. Best regards, Frederick K. Johnson, Center for 

Information Systems &amp; Technology 

1.00 1.00 1.00 0.00 0.00 210 

 

 

 

# Answer % Count 

1 I consent, begin the study 100.00% 210 

2 I do not consent; I do not wish to participate 0.00% 0 

 Total 100% 210 

 



 

 

 79 

Q1 – How would you categorize your functional area of expertise? 

 

 

# Field Minimum Maximum Mean 
Std 

Deviation 
Variance Count 

1 

How would you 

categorize your 

functional area of 

expertise? 

1.00 5.00 3.66 1.25 1.56 210 

 

 

 

# Answer % Count 

1 Academic 8.10% 17 

2 Consultant 7.14% 15 

3 Executive 30.48% 64 

4 Manager or IT Leader 19.05% 40 

5 Managers and above in non-IT Roles 35.24% 74 
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 Total 100% 210 

 

Q3 – Based on your current role, are you currently or will you be involved in research, or 

work dealing with digital transformation or implementing Pharma 4.0 programs and 

projects? 

 

 

# Field Minimum Maximum Mean 
Std 

Deviation 
Variance Count 

1 

Based on your current 

role, are you currently 

or will you be involved 

in research, or work 

dealing with digital 

transformation or 

implementing Pharma 

4.0 programs and 

projects? 

1.00 2.00 1.58 0.49 0.24 210 

 

 

 

# Answer % Count 
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1 No 42.38% 89 

2 Yes 57.62% 121 

 Total 100% 210 

 

 

Q3 – Please select the option that represents your response to each question. 
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# Question 
Strongl

y agree 
 Agree  

Somewh

at agree 
 

Neithe

r agree 

nor 

disagre

e 

 

Somewh

at 

disagree 

 
Disagr

ee 
 

Strongl
y 

disagre

e 

 
Tota

l 

1 

With this 

framework, 
I can see the 

big picture 

and the digit 
transformati

on ideals. 

32.38
% 

6
8 

46.67
% 

9
8 

11.43% 
2
4 

5.71% 
1
2 

2.86% 6 0.95% 2 0.00% 0 210 

2 

This 

framework 
demonstrate

s the 

potential 
opportunitie

s and 

constraints 
within a 

biopharma 

manufacturi
ng 

environment

. 

34.76

% 

7

3 

40.00

% 

8

4 
15.71% 

3

3 
7.14% 

1

5 
1.90% 4 0.48% 1 0.00% 0 210 

3 

This concept 
offers the 

flexibility to 

transform 
front and 

back office 

functions. 

24.76

% 

5

2 

37.62

% 

7

9 
26.67% 

5

6 
9.52% 

2

0 
0.95% 2 0.00% 0 0.48% 1 210 

4 

I can 
customize 

this concept 

to suit 
different 

biopharma 

manufacturi
ng 

circumstanc

es. 

29.05

% 

6

1 

40.00

% 

8

4 
17.14% 

3

6 

10.48

% 

2

2 
2.86% 6 0.00% 0 0.48% 1 210 

 

 

 

# Question 
Strongl

y agree 
 Agree  

Somewh

at agree 
 

Neithe
r agree 

nor 

 
Somewh

at 

disagree 

 
Disagr

ee 
 

Strongl

y 

disagre
e 

 
Tota

l 
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disagre

e 

1 

With this 

framework, 
I can see the 

big picture 

and the digit 
transformati

on ideals. 

32.38
% 

6
8 

46.67
% 

9
8 

11.43% 
2
4 

5.71% 
1
2 

2.86% 6 0.95% 2 0.00% 0 210 

2 c 
34.76

% 

7

3 

40.00

% 

8

4 
15.71% 

3

3 
7.14% 

1

5 
1.90% 4 0.48% 1 0.00% 0 210 

3 

This concept 
offers the 

flexibility to 

transform 
front and 

back office 

functions. 

24.76

% 

5

2 

37.62

% 

7

9 
26.67% 

5

6 
9.52% 

2

0 
0.95% 2 0.00% 0 0.48% 1 210 

4 

I can 
customize 

this concept 

to suit 
different 

biopharma 

manufacturi
ng 

circumstanc

es. 

29.05

% 

6

1 

40.00

% 

8

4 
17.14% 

3

6 

10.48

% 

2

2 
2.86% 6 0.00% 0 0.48% 1 210 
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Q3 – Please select the option that represents your response to each question. 
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# Field Minimum Maximum Mean 
Std 

Deviation 
Variance Count 

1 This framework is customer- or patient-centric. 1.00 7.00 2.39 1.27 1.61 210 

2 
This framework demonstrates the potential opportunities and 

constraints within a biopharma manufacturing environment. 
1.00 7.00 2.30 1.02 1.04 210 

3 This framework emphasizes company culture. 1.00 7.00 2.61 1.36 1.86 210 

4 I would find this framework simple to apply. 1.00 7.00 2.73 1.44 2.07 210 

 

 

 

# Question 
Strongl
y agree 

 Agree  
Somewh
at agree 

 

Neithe
r agree 

nor 

disagr
ee 

 

Somewh

at 

disagree 

 
Disagr

ee 
 

Strongl

y 
disagre

e 

 
Tot
al 

1 

This 

framework 

is customer- 
or patient-

centric. 

27.62

% 

5

8 

33.81

% 

7

1 
21.43% 

4

5 
9.05% 

1

9 
6.19% 

1

3 
1.43% 3 0.48% 1 210 

2 

This 

framework 
demonstrate

s the 

potential 
opportunitie

s and 

constraints 
within a 

biopharma 

manufacturi
ng 

environmen

t. 

19.52

% 

4

1 

45.71

% 

9

6 
25.24% 

5

3 
5.71% 

1

2 
2.86% 6 0.48% 1 0.48% 1 210 

3 

This 
framework 

emphasizes 

company 
culture. 

21.43
% 

4
5 

34.76
% 

7
3 

20.00% 
4
2 

12.86
% 

2
7 

7.62% 
1
6 

2.38% 5 0.95% 2 210 

4 

I would find 

this 

framework 
simple to 

apply. 

22.86

% 

4

8 

27.14

% 

5

7 
21.90% 

4

6 

16.67

% 

3

5 
6.67% 

1

4 
3.33% 7 1.43% 3 210 

 

Q14 – Please select the "None of the above" option as your answer. 
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# Field Minimum Maximum Mean 
Std 

Deviation 
Variance Count 

1 
Please select the “None of the above” option as your 

answer. 
1.00 1.00 1.00 0.00 0.00 210 

 

 

 

# Answer % Count 

1 None of the above 100.00% 210 

0 Hostile 0.00% 0 

 Total 100% 210 
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Perceived Usefulness – Please select the option that accurately represents your response 

to each question. 
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# Field Minimum Maximum Mean 
Std 

Deviation 
Variance Count 

1 

Using the framework would help my academic writing or my 

organization to reach our research or digital transformation 
goals more quickly. 

1.00 7.00 2.64 1.41 2.00 210 

2 

Using this framework would improve the relevancy of my 

research or the performance of my organization's digital 

transformation execution. 

1.00 7.00 2.57 1.30 1.68 210 

3 
Using this framework would be useful in not overlooking 

critical steps within the organization's digital transformation 

or Pharma 4.0 process. 

1.00 6.00 2.34 1.17 1.36 210 

4 

Using this framework would enhance my research or my 

organization's effectiveness throughout our digital 

transformation process. 

1.00 6.00 2.45 1.18 1.40 210 

5 
Using this framework would make it easier for people 

executing digital transformation programs and projects to 

succeed within their roles. 

1.00 6.00 2.43 1.17 1.36 210 

6 
I would find this framework useful in communicating a 

Digital Transformation or Pharma 4.0 business strategy. 
1.00 7.00 2.39 1.25 1.55 210 

 

 

 

# Question 
Strong

ly 

agree 

 Agree  
Somewh

at agree 
 

Neithe

r agree 
nor 

disagr

ee 

 
Somewh

at 

disagree 

 
Disagr

ee 
 

Strong

ly 

disagre
e 

 
Tot

al 

1 

Using the 
framework 

would help 

my 
academic 

writing or 

my 
organization 

to reach our 

research or 
digital 

transformati

on goals 
more 

quickly. 

22.86

% 

4

8 

32.86

% 

6

9 
18.10% 

3

8 

14.76

% 

3

1 
7.14% 

1

5 
3.33% 7 0.95% 2 210 

2 

Using this 

framework 

would 

improve the 

relevancy of 
my research 

or the 

performance 
of my 

organization'

s digital 
transformati

on 

execution. 

23.81

% 

5

0 

30.00

% 

6

3 
21.43% 

4

5 

17.62

% 

3

7 
4.76% 

1

0 
1.90% 4 0.48% 1 210 

3 
Using this 

framework 

26.67

% 

5

6 

36.19

% 

7

6 
18.57% 

3

9 

14.29

% 

3

0 
3.33% 7 0.95% 2 0.00% 0 210 
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would be 

useful in not 

overlooking 

critical steps 
within the 

organization'

s digital 
transformati

on or 

Pharma 4.0 
process. 

4 

Using this 

framework 

would 
enhance my 

research or 

my 
organization'

s 

effectiveness 
throughout 

our digital 

transformati
on process. 

21.90

% 

4

6 

39.05

% 

8

2 
18.10% 

3

8 

15.71

% 

3

3 
3.81% 8 1.43% 3 0.00% 0 210 

5 

Using this 

framework 

would make 
it easier for 

people 

executing 
digital 

transformati

on programs 
and projects 

to succeed 

within their 
roles. 

22.38

% 

4

7 

37.62

% 

7

9 
20.00% 

4

2 

16.19

% 

3

4 
1.90% 4 1.90% 4 0.00% 0 210 

6 

I would find 

this 

framework 
useful in 

communicati

ng a digital 
transformati

on or 

Pharma 4.0 
business 

strategy. 

25.24

% 

5

3 

38.10

% 

8

0 
18.10% 

3

8 

12.86

% 

2

7 
2.86% 6 2.38% 5 0.48% 1 210 
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Q5 – Please select the option that accurately represents your response to each question. 
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# Field Minimum Maximum Mean 
Std 

Deviation 
Variance Count 

1 Learning to use this framework would be easy for me. 1.00 7.00 2.63 1.47 2.16 210 

2 
I would find it easy to transform this framework to do what I 

wanted it to represent. 
1.00 7.00 2.63 1.33 1.76 210 

3 Using this framework would be clear and understandable. 1.00 7.00 2.57 1.39 1.93 210 

4 I find this framework to be flexible to use. 1.00 7.00 2.54 1.30 1.69 210 

5 
It would be easy for me to become skillful at using this 

framework. 
1.00 7.00 2.52 1.32 1.74 210 

6 I would find this framework easy to use. 1.00 7.00 2.66 1.42 2.00 210 

 

 

 

# Question 

Strong

ly 
agree 

 Agree  
Somewh

at agree 
 

Neithe

r agree 

nor 
disagr

ee 

 

Somewh

at 
disagree 

 
Disagr

ee 
 

Strong
ly 

disagre

e 

 
Tot

al 

1 

Learning to 

use this 
framework 

would be 

easy for me. 

25.24

% 

5

3 

31.90

% 

6

7 
17.14% 

3

6 

11.90

% 

2

5 
8.57% 

1

8 
4.76% 

1

0 
0.48% 1 210 

2 

I would find 
it easy to 

transform 

this 
framework 

to do what I 

wanted it to 
represent. 

19.05
% 

4
0 

36.19
% 

7
6 

22.38% 
4
7 

10.95
% 

2
3 

8.10% 
1
7 

2.86% 6 0.48% 1 210 

3 

Using this 
framework 

would be 

clear and 
understanda

ble. 

23.33

% 

4

9 

33.81

% 

7

1 
20.95% 

4

4 

12.38

% 

2

6 
4.76% 

1

0 
3.33% 7 1.43% 3 210 

4 

I find this 

framework 
to be flexible 

to use. 

21.90
% 

4
6 

36.67
% 

7
7 

18.57% 
3
9 

14.76
% 

3
1 

5.71% 
1
2 

1.43% 3 0.95% 2 210 

5 

It would be 

easy for me 
to become 

skillful at 

using this 
framework. 

22.86

% 

4

8 

35.24

% 

7

4 
20.48% 

4

3 

14.76

% 

3

1 
2.38% 5 3.33% 7 0.95% 2 210 
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6 

I would find 

this 

framework 

easy to use. 

21.90

% 

4

6 

33.33

% 

7

0 
18.57% 

3

9 

14.29

% 

3

0 
8.10% 

1

7 
2.38% 5 1.43% 3 210 

 

Q15 – Please select the option that accurately represents your response based on how you 

view using a digital transformation framework within your current role. 
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# Field Minimum Maximum Mean 
Std 

Deviation 
Variance Count 

1 

Biopharma Manufacturing Digital Transformation 

Framework – I believe a framework is required for any 
organization that plans to take on any digital transformation 

effort. 

1.00 7.00 2.07 1.21 1.46 210 

2 

Biopharma Manufacturing Digital Transformation 

Framework – Using a digital transformation framework to 
express the big picture and generalize ideas is a positive idea. 

1.00 7.00 2.02 1.06 1.11 210 

3 
Biopharma Manufacturing Digital Transformation 

Framework – Giving and receiving feedback through the use 

of a digital transformation framework is a good idea. 

1.00 7.00 1.95 0.96 0.93 210 

4 

Biopharma Manufacturing Digital Transformation 

Framework – I intend to use this digital transformation 
framework. 

1.00 7.00 2.83 1.58 2.49 210 

5 

Biopharma Manufacturing Digital Transformation 

Framework – I would use this digital transformation 

framework. 

1.00 7.00 2.55 1.41 1.98 210 

6 
Biopharma Manufacturing Digital Transformation 

Framework – I plan to use this digital transformation 

framework. 

1.00 7.00 2.86 1.59 2.51 210 

 

 

 

# Question 

Strong

ly 

agree 

 Agree  
Somewh
at agree 

 

Neithe
r agree 

nor 

disagr
ee 

 

Somewh

at 

disagree 

 
Disagr

ee 
 

Strong

ly 
disagre

e 

 
Tot
al 

1 

Biopharma 

Manufacturi

ng Digital 

Transformati

on 

Framework 
– I believe a 

framework 

is required 
for any 

organization 

that plans to 
take on any 

digital 

transformati
on effort. 

37.62

% 

7

9 

36.19

% 

7

6 
16.19% 

3

4 
4.76% 

1

0 
3.33% 7 0.48% 1 1.43% 3 210 

2 

Biopharma 

Manufacturi

ng Digital 
Transformati

on 

Framework 
– Using a 

digital 

transformati
on 

framework 

to express 
the big 

picture and 

generalize 
ideas is a 

positive 

idea. 

34.76
% 

7
3 

40.00
% 

8
4 

18.57% 
3
9 

4.76% 
1
0 

0.00% 0 0.95% 2 0.95% 2 210 
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3 

Biopharma 

Manufacturi

ng Digital 

Transformati
on 

Framework 

– Giving and 
receiving 

feedback 

through the 
use of a 

digital 

transformati
on 

framework 

is a good 
idea. 

36.19
% 

7
6 

40.48
% 

8
5 

18.10% 
3
8 

3.81% 8 0.48% 1 0.48% 1 0.48% 1 210 

4 

Biopharma 

Manufacturi

ng Digital 
Transformati

on 

Framework 
– I intend to 

use this 

digital 
transformati

on 

framework. 

22.86
% 

4
8 

30.00
% 

6
3 

11.43% 
2
4 

22.86
% 

4
8 

4.29% 9 6.67% 
1
4 

1.90% 4 210 

5 

Biopharma 
Manufacturi

ng Digital 

Transformati
on 

Framework 

– I would 
use this 

digital 

transformati
on 

framework. 

26.67

% 

5

6 

30.00

% 

6

3 
20.00% 

4

2 

14.76

% 

3

1 
3.33% 7 4.29% 9 0.95% 2 210 

6 

Biopharma 

Manufacturi
ng Digital 

Transformati

on 
Framework 

– I plan to 

use this 
digital 

transformati

on 
framework. 

23.81

% 

5

0 

28.10

% 

5

9 
10.48% 

2

2 

23.33

% 

4

9 
5.71% 

1

2 
7.62% 

1

6 
0.95% 2 210 
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Q6 – In this final section, please select the option that accurately represents your 

response based on your current role within your organization. 
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# Field Minimum Maximum Mean 
Std 

Deviation 
Variance Count 

1 
People who influence my behavior believe that I should use a framework in communicating my 

organization's digital transformation strategy. 
1.00 7.00 2.64 1.50 2.25 210 

2 
People who are important to me think that I should use a framework in building my organization's 

digital transformation strategy. 
1.00 7.00 2.79 1.57 2.47 210 

3 Senior management within my organization support using tools like this. 1.00 7.00 2.22 1.29 1.67 210 

4 
People within my organization who leverage tools like this seem to have more prestige and 

success than those who do not. 
1.00 7.00 2.65 1.41 1.99 210 

5 High profile people within my organization use these frameworks to communication their ideas. 1.00 7.00 2.60 1.49 2.22 210 

6 Using frameworks and tools symbolizes competence and expertise within my organization. 1.00 7.00 2.40 1.33 1.76 210 

7 In my role, using digital transformation framework is important. 1.00 7.00 2.57 1.60 2.56 210 

8 In my role, it is relevant to use digital transformation frameworks and strategic roadmaps. 1.00 7.00 2.59 1.56 2.43 210 

9 
Using digital transformation frameworks and strategic roadmaps is pertinent to my job-related 

tasks. 
1.00 7.00 2.71 1.67 2.79 210 

10 The quality of output I get from using this framework is high. 1.00 7.00 2.57 1.42 2.01 210 

11 I have no problem with the quality of output I would get from using this framework. 1.00 7.00 2.45 1.27 1.61 210 

12 I would rate the results I would get from this using this framework as excellent. 1.00 7.00 2.59 1.42 2.01 210 

13 I have no problem sharing the results of using this framework. 1.00 7.00 2.38 1.23 1.50 210 

14 I believe I could communicate the consequences of using this framework. 1.00 7.00 2.41 1.35 1.82 210 

15 The results of using this framework are apparent to me. 1.00 7.00 2.58 1.42 2.01 210 

16 I would have a hard time explaining why or why no using this framework is beneficial. 1.00 7.00 3.21 1.79 3.22 210 

 

 

# Question 
Strongly 

agree 
 Agree  

Somewhat 

agree 
 

Neither 

agree nor 

disagree 

 
Somewhat 

disagree 
 Disagree  

Strongly 

disagree 
 Total 

1 

People who 

influence my 

behavior 

believe that I 

should use a 

framework in 

communicating 

my 

organization's 

digital 

transformation 

strategy. 

27.14% 57 28.57% 60 16.67% 35 15.24% 32 7.14% 15 3.81% 8 1.43% 3 210 

2 

People who are 

important to 

me think that I 

should use a 

framework in 

building my 

organization's 

digital 

transformation 

strategy. 

22.86% 48 30.00% 63 17.62% 37 14.29% 30 7.62% 16 5.24% 11 2.38% 5 210 

3 

Senior 

management 

within my 

organization 

support using 

tools like this. 

33.81% 71 36.19% 76 12.38% 26 13.33% 28 1.90% 4 0.48% 1 1.90% 4 210 
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4 

People within 

my 

organization 

who leverage 

tools like this 

seem to have 

more prestige 

and success 

than those who 

do not. 

24.29% 51 30.00% 63 16.19% 34 20.95% 44 4.76% 10 2.38% 5 1.43% 3 210 

5 

High profile 

people within 

my 

organization 

use these 

frameworks to 

communication 

their ideas. 

25.24% 53 32.86% 69 18.10% 38 12.38% 26 6.19% 13 2.38% 5 2.86% 6 210 

6 

Using 

frameworks 

and tools 

symbolizes 

competence 

and expertise 

within my 

organization. 

27.62% 58 36.67% 77 15.71% 33 12.38% 26 3.81% 8 3.33% 7 0.48% 1 210 

7 

In my role, 

using digital 

transformation 

framework is 

important. 

29.52% 62 33.33% 70 11.90% 25 11.90% 25 5.71% 12 4.76% 10 2.86% 6 210 

8 

In my role, it is 

relevant to use 

digital 

transformation 

frameworks 

and strategic 

roadmaps. 

29.05% 61 30.48% 64 13.81% 29 15.24% 32 4.29% 9 4.76% 10 2.38% 5 210 

9 

Using digital 

transformation 

frameworks 

and strategic 

roadmaps is 

pertinent to my 

job-related 

tasks. 

27.62% 58 31.90% 67 10.48% 22 12.86% 27 9.05% 19 4.76% 10 3.33% 7 210 

10 

The quality of 

output I get 

from using this 

framework is 

high. 

25.71% 54 32.38% 68 14.76% 31 20.00% 42 3.33% 7 1.43% 3 2.38% 5 210 

11 

I have no 

problem with 

the quality of 

output I would 

get from using 

this 

framework. 

26.19% 55 31.90% 67 20.95% 44 15.71% 33 2.38% 5 2.38% 5 0.48% 1 210 

12 

I would rate 

the results I 

would get from 

this using this 

framework as 

excellent. 

26.67% 56 29.05% 61 15.71% 33 21.43% 45 3.33% 7 1.90% 4 1.90% 4 210 

13 

I have no 

problem 

sharing the 

results of using 

this 

framework. 

25.71% 54 35.71% 75 21.90% 46 11.43% 24 2.38% 5 2.38% 5 0.48% 1 210 

14 

I believe I 

could 

communicate 

the 

consequences 

of using this 

framework. 

28.10% 59 33.33% 70 20.95% 44 10.48% 22 3.33% 7 1.90% 4 1.90% 4 210 

15 

The results of 

using this 

framework are 

apparent to me. 

24.76% 52 33.33% 70 17.62% 37 13.33% 28 7.14% 15 2.38% 5 1.43% 3 210 

16 

I would have a 

hard time 

explaining why 

or why no 

using this 

framework is 

beneficial. 

21.43% 45 23.81% 50 10.95% 23 15.24% 32 17.14% 36 7.14% 15 4.29% 9 210 
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