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1. Introduction 

In a highly competitive manufacturing economic environment such as the automotive and 

aerospace industry, for a startup to succeed it needs a competitive advantage. This advantage is 

needed to excite, dominate and be innovative in the market and choice customers.  

To achieve this a startup must provide quality products and/or service, on time and at a 

competitive price. To achieve this in today’s environment, the organization must infuse digital 

transformation into its systems management engineering plan. A digital transformation within a 

startup context refers to the change that pertains to creating, processing and storing data that is 

utilized by a newly established organization typically within 2-5 years old from an analog 

platform to a digital platform with the aid of computers [1]. Digital startups are known for their 

ability to innovate with the aid of digital technologies and philosophies to deliver goods and 

services [2]. Furthermore, a systems engineering management plan is defined as a combination 

of all systems engineering effort into a technical engineering management plan [3]. 

The goal of scholarly activity is to establish a comprehensive plan (knowledge) and recommend 

necessary tools needed by startups to successfully conceive of a product for its launch and 

eventually to its retirement due to obsolescence. The roadmap from here forward is referred to as 

“Meta Model” or “Synthesis Model” as it is designed to meet the need of startups to succeed 

with minimal risk as they navigate any uncertain economic landscape. 
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2. Methods 

The “Meta Model” or “Synthesis” was created by considering various systems engineering 

management plan, life cycle model and Digital transformation framework. The system 

engineering management plans (SEMP) considered are the following. The system engineering 

management plan for the National Aeronautics and Space Administration [4] is split into two 

stages: formulation and implementation. The formulation stage includes Concept Studies, 

Concept & Development, and Preliminary Design. The implementation stage covers Final 

Design, System Assembly & Testing, Operation & Sustainment, and Close Out. These stages are 

separated by approval processes. The Department of Transportation's Systems Engineering Plan 

(DOT) outlines a structured approach for developing and managing transportation systems. 

Emphasizing a lifecycle perspective, it ensures careful management at every stage—from 
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creation to disposal. Key elements include stakeholder engagement, requirements specification, 

risk management, and validation. The SEP aims to enhance system safety and reliability, reduce 

costs, and improve project efficiency while incorporating best practices and lessons learned to 

continuously refine engineering processes [3].The Systems Engineering Plan utilized by the US 

Department of Defense (DOD) is structured into six phases: “User Needs, Material, Solution, 

Analysis,” Technology Development, Engineering and Manufacturing Development, Production 

and Deployment, and Support and Operation (including retirement) [5]. These phases are 

organized into three main categories: Pre-Systems Acquisition (Phase A), Systems Acquisition 

(Phase B), and Sustainment (Phase C). It is crucial to address User Needs and technical 

opportunities before commencing Phase A [5]. 

The Systems Engineering Waterfall model is a linear approach to software development and 

project management, with phases including requirements analysis, system design, 

implementation, integration, testing, deployment, and maintenance. Each phase must be 

completed sequentially, which suits projects with well-defined requirements but can be criticized 

for its inflexibility and difficulty in adapting to changes once underway [6]. In contrast, the 

Systems Engineering Agile model promotes flexibility and responsiveness through iterative 

development. It delivers small, functional increments frequently, allowing for continuous 

feedback and adjustments. This model emphasizes collaboration among cross-functional teams, 

customer satisfaction, and regular testing, making it effective for complex and dynamic projects 

[7], [8], [9]. The Vee model features a sequential design process with a strong focus on 

verification and validation. It starts with requirements definition and progresses through system 

and subsystem design, component development, and integration. Verification and validation 

occur at each stage, ensuring that the final system meets initial requirements. This structured 

approach aids project management and risk reduction [10], [11]. From the three models 

considered, the vee model was chosen to be incorporated into our synthesis model. 

After the systems engineering management plan and life cycle model were chosen, a digital 

transformation (DT) framework infused into the synthesis model, or “meta model” was 

Deloitte’s framework. Deloitte's innovation framework is structured into three phases: Imagine, 

Deliver, and Run. The Imagine phase focuses on identifying opportunities from market trends 

and customer needs, with sub-categories Sense, Aspire, and Decide, which involve defining 

ambition and presenting future value. The Deliver phase emphasizes understanding customer 

behaviors to design and test solutions, with sub-categories Deepen, Weave, and Build/Prove, 

aimed at creating and validating minimal viable offerings (MVOs). Finally, the Run phase refines 

and scales successful MVOs to ensure long-term success, with sub-categories Launch, Scale, and 

Operate, which involve refining solutions based on feedback, interpreting data for maturation, 

and enhancing operational features [12]. 

3. Results 

Analyzing the DOD Systems Engineering Management Plan, INCOSE Vee Model, DOT Vee 

Model, and Deloitte Framework reveals two key trends. First, there's overlap in the 

Conceptualization, Development, Production, and Utilization phases across these frameworks. 

Second, the Support and Retirement phases overlap in the first three frameworks. The first trend 

links Feasibility Study, Concept of Operations, Systems, and related phases, focusing on 

identifying needs and developing solutions with integrated digital transformation planning. The 
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second trend connects High-Level Design, Detailed Design, and subsequent stages, with 

Deloitte’s framework emphasizing the creation of a minimal viable offering (MVO) to validate 

design viability and continuing digital transformation planning. The third trend shows a 

connection between Production and Run stages, including system realization, validation, 

deployment, and scaling, with concurrent implementation of digital transformation during 

production. In the utilization phase, the focus is on operating the system to generate marketplace 

value. This phase notably includes the “Growth” and “Mature” stages of digital transformation, 

as illustrated in [Fig. 1], because these stages occur during the product's operational use. For the 

Support and Retirement phases, common elements are found in the DOD Systems Engineering 

Management Plan, INCOSE Vee Model, and DOT Vee Model. However, the Deloitte Framework 

lacks steps for these stages. Insights from successful entrepreneurs, as reflected in [Fig. 1], 

suggest revisiting the transformation phases for support and selling the product to recover 

salvage value at retirement instead of incurring disposal costs. 

 
Figure 1:  Compression of DOD systems engineering management plan, DOT & INCOSE life 

cycle model, Deloitte’s framework, and Digital transformation infusion 
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4. Summary 

By providing a new perspective, the synthesis highlights how engineers, managers, and 

entrepreneurs handle the planning and execution of lifecycle stages for manufacturing plants and 

products across commercial, government, private, and public sectors. The Left column in [Fig.1] 

shows the breakdown of deliverables and activity structure from the manager’s and engineers' 

perspective while right columns depict the plan of action from the entrepreneur’s perspective. 

The perspectives were sequenced with respect to the life stages of systems engineering. 

References 

[1]  K. Agustian, E. S. Mubarok, A. Zen, W. Wiwin, and A. J. Malik, “The impact of digital 

transformation on business models and competitive advantage,” Technology and Society 

Perspectives, vol. 1, no. 2, pp. 79–93, 2023. [Online]. Available: 

https://doi.org/10.61100/tacit.v1i2.55. [Accessed: Sep, 21, 2024]. 

[2]  T. Kollmann, C. Stöckmann, T. Niemand, S. Hensellek, and K. de Cruppe, “A 

configurational approach to entrepreneurial orientation and cooperation explaining 

product/service innovation in digital vs. non-digital startups,” Journal of Business 

Research, vol. 125, pp. 508–519, 2021. [Online]. Available: 

https://doi.org/10.1016/j.jbusres.2019.09.041. [Accessed: Sep. 15, 2024]. 

[3]  “Systems Engineering for ITS Handbook,” ops.fhwa.dot.gov. [Online]. Available: 

https://ops.fhwa.dot.gov/publications/seitsguide/ 

[4]  NASA Systems Engineering Handbook, [online]. Available: https://www.nasa.gov/wp-

content/uploads/2018/09/nasa_systems_engineering_handbook_0.pdf. [Accessed: Sep. 21, 

2024]. 

[5]  D. D. Walden, G. J. Roedler, K. Forsberg, R Douglas Hamelin, T. M. Shortell, and I. 

Council, Systems engineering handbook: a guide for system life cycle processes and 

activities, 4th ed. Hoboken, New Jersey: Wiley, 2015. 

[6]  K. Piwowar-Sulej, “Organizational culture and Project Management Methodology: 

Research in the Financial Industry,” Int. J. Managing Projects in Business, vol. 14, no. 6, 

pp. 1270–1289, 2021. [Online]. Available: https://doi.org/10.1108/ijmpb-08-2020-0252. 

[Accessed: Sep. 22, 2024]. 

[7]  S. C. Misra, V. Kumar, and U. Kumar, “Identifying some important success factors in 

adopting agile software development practices,” The Journal of Systems and Software, vol. 

82, no. 11, pp. 1869–1890, 2009. [Online]. Available: DOI: 10.1016/j.jss.2009.05.039. 

[Accessed: Sep. 22, 2024]. 

[8]  A. Komus and M. Kuberg, “Abschlussbericht: Status quo agile 2016/2017. Studie über 

Erfolg und Anwendungsformen von agilen Methoden,” 2017. [Online]. Available: DOI: 

10.1007/978-3-658-23570-3. [Accessed: Sep. 28, 2024]. 

[9]  R. Müller and R. Turner, “Agile Project Management: The State of Practice,” Int. J. 

Project Management, vol. 35, no. 6, pp. 729–741, 2017. [Online]. Available: DOI: 

10.1016/j.ijproman.2017.04.002. [Accessed: Aug. 2, 2024]. 

[10]  T. Pyzdek and P. Keller, The Six Sigma Handbook, 2018. [Online]. Available: 

https://doi.org/10.1007/978-1-4939-8994-3. [Accessed: Aug. 2, 2024]. 

[11]  A. P. Sage and W. B. Rouse, Handbook of Systems Engineering and Management, 2019. 

[Online]. Available: https://doi.org/10.1002/9781119519213. [Accessed: Aug. 2, 2024]. 

https://doi.org/10.61100/tacit.v1i2.55
https://doi.org/10.1016/j.jbusres.2019.09.041
https://www.nasa.gov/wp-content/uploads/2018/09/nasa_systems_engineering_handbook_0.pdf
https://www.nasa.gov/wp-content/uploads/2018/09/nasa_systems_engineering_handbook_0.pdf
https://doi.org/10.1108/ijmpb-08-2020-0252
https://doi.org/10.1007/978-1-4939-8994-3
https://doi.org/10.1002/9781119519213


 2024 ASEE Midwest Section Conference  
 

 © American Society for Engineering Education, 2024  
 

[12]  J. Chan, “Deloitte- Digital Transformation: A Primer,” Wired, Oct. 17, 2019. 

https://www.wired.com/brandlab/2019/10/deloitte-digital-transformation-a-primer/ 

 

Bios 

Daniel Ikechukwu Chikwendu 

Daniel is an Industrial engineering graduate student at Wichita State University. He received a 

bachelor’s degree in mechanical engineering with a minor in mathematics from Wichita State 

University. He served as a lead drivetrain engineer in his university’s Formula team. 

Pedro Cordeiro Povoa Cupertino 

Pedro is pursuing a BS in Aerospace Engineering at Wichita State University. He is a Research 

Assistant and CAD (Computer Aided Design) Instructor at the National Institute for Aviation 

Research, with research interests in Lean, CAD/CAM, Project Management, and 

Entrepreneurship. 

Adam Carlton Lynch 

Dr. Lynch received the BS and MS degrees in Industrial and Systems Engineering from the 

University of Southern California. He received his Master of International Management from the 

Thunderbird School of Management. He completed a PhD in Industrial, Systems, and 

Manufacturing Engineering (ISME) from Wichita State University (WSU) in Kansas. Dr. Lynch 

has 30 years of global industry experience, particularly aerospace. 

  

https://www.wired.com/brandlab/2019/10/deloitte-digital-transformation-a-primer/


 2024 ASEE Midwest Section Conference  
 

 © American Society for Engineering Education, 2024  
 

Appendix: Poster

 


